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Abstract:  This paper discuss systems of reservoirs and lakes for fresh water supply 
and flood control, aiming to design the system according to the master plan of eastern 
part of Bandung. The method used was carried out by using the computer programme 
KOMPLEK in FORTRAN language for optimation of water flow distribution in river 
system or irrigation system. Three alternatives of location plan for reservoir in river 
system were determined, however, the optimal one was a reservoir that serves 
interconnected rivers. 
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INTRODUCTION 

 

Indonesia is one of the countries in the world that is covered by lands of about 1,900,000 

km2 and by seas of about 3,270,000 km2; and has an amount of about 13,000 islands, which has 

a very long sea-shore. The development of water resources of the river is one of the primarily 

objectives of the Government’s development plan, which is intended to solve the problem of 

increasing population and industrialization. This also means of coping with the increasing demand 

of food, housing, water supply for industry, hydropower, agriculture, and drinking and fresh water. 

One of the important programmes of the implementation of the development of water resources is 

the constructing of dams and reservoirs and other hydraulic structures with the main aim to 

preserve the availability and quality of water, such as water for irrigation, industry, flushing, 

purification plant etc. 

To formulate appropriate policies and strategies for future water resources development and 

management we need a good planning. We have to improve our capability for planning the 

orderly utilizations of water resources in a given river basin. This plan must be geared toward 

integrating all water and land resources within the framework of spatial planning. The plan should 

also address the effort to manage the competition of water from different sectors, based on water 

availability, with due consideration to the environmental, social and economic requirements. 
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Water resources planning in this region is also considered as a catalyst for regional development. 

Therefore, through the integrated planning of water resources, we may expect to generate 

development in other sectors. An integrated approach to planning must therefore look at how the 

institutions, the legal frameworks and human resources may be required to respond to support 

this effort. These have been the case on the utilization of the rivers in Indonesia, for example 

reservoirs of Jatiluhur, Saguling, Cirata, Wonogiri and Sutami, which are shown in the Catalogue 

of River for Southeast Asia and the Pasific, Vol.I & II. The concept for fresh water supply and 

flood control in Indonesia should be better formulated as a commonly available model system of 

the area. In general, the observation shows that the characteristics of floods are similar either of 

cities in coastal areas of  Sumatera, Java, Kalimantan or Sulawesi. The reason is that the 

potential of flood discharges increases year by year and the fresh water decreases because of 

the increasing of citizen population and the reducing of water quality of the river due to the 

sedimentation, garbage and industrial waste. 

Geographically Bandung region is a large plain which gets water from rainfall, likely as 

natural lake. Nevertheless, the itizen growth of Bandung occupied by about 2.5 million citizens, 

would need an  integrated system of fresh water supply and flood control. Reservoir can be built 

in the upstream part of R.Citarum tributaries, that is Cimahi river and Cikapundung river. But in 

the upstream part of  East Bandung region, the reservoir cannot be built because of short rivers 

and a lot amount of citizens and factories. The extensions of East Bandung City have a challenge 

which  regarding  to the problem of fresh water supply and flood control along Cisaranten river 

and Cinambo river. Those rivers should be protected.  Those problems can be overcome by 

constructing the artificial lake to get water from rainfall and to prevent flood at the upstream part 

of Padaleunyi toll road. To overcome the conditions, a prevention of integrated system is needed 

to get a systematic   solution of upstream to downstream part of Citarum river basin. By using this 

model, the system of reservoir, river or canal, pump and lake must be combined to be one river 

basin system. This integrated system is approached by a complex network  system model using 

the balance of inflow and outflow according to the existing structures capacities.  That means in 

order to  have   no excess or lack water in each area. The location of research is situated at East 

Bandung Region and its vicinity, including the upstream and downstream part of Bandung City. 

This paper  attempts to discuss the systems of reservoirs and lakes for fresh water supply and 

flood control in East Bandung Region. The aim of the research is to design the system according 

to the master plan of eastern part of Bandung City. 

 

METHODOLOGY 

 

Surface water in reservoirs and lakes, rivers and streams and the groundwater in the 

aquifers below the surface, are the water resources which can be developed for economic and 

social purposes. Proper attention should therefore be given to the conjunctive use of groundwater 

and surface water to increase the efficiency of utilization and to minimize the interrelated 

problems of water quality and quantity. The aim of the integrated planning is to obtain the water 

resources for sustainable use in Indonesia. Therefore, the anticipating of increasing the use of 

water for other purposes is required by the regional and central Government. The integrated 

system approaches were as follows: 

1) Management plan of water resources. 

2) A global and good master plan. 
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3) Integrated management plan of water resources at the levels of the central and the regional 

government, and in the communities. 

4) Coordination of technically and administrative management in the communities. 

5) Coordination of institution aspect due to the mechanism, procedure, function and integration. 

6) Implementation aspect due to the coordinating with the other institution and human 

resources. 

7) Achieving growth of human resources by using the effective training and the dissemination 

programmes. 

8) Based on the laws, regulations and instructions concerning with the water resources at the 

levels of the central and the regional government, and in the communities.   

 

Analyses of flow distribution for each time period is determined by iteration method. At the 

first iteration, the distribution of flow is calculated for the necessities of irrigation or fresh water. In 

surplus water area, the optimum flow is computed for certain period, and then for the other 

period. If there is a lack of water resource, so at the second iteration the average need of water is 

reduced by 5 % for every area and then the distribution is computed again. When water resource 

is not enough, the procedure will be repeated until obtaining enough water of fresh water or 

irrigation. If the reduced water resource is also not enough for the lowest priority area, so the 

reduction is done by discharging water from the highest priority area. And so on for a 5 % 

reduction until having the optimum solution of water flow distribution. This method is done by 

using the computer programme KOMPLEK (in FORTRAN language) for optimation of water flow 

distribution in river system or irrigation system.  

Analyses and solution of the problems are plotted by using the configuration irrigation 

system and the different symbol of elements as follows: Si is water resource; Ri is reservoir 

number; SUi is collector element of river or canal that collected and combined to one flow 

direction; U is distribution element of fresh water or irrigation; Di is distribution element of river or 

canal to be the left and right branch; Ai is river or canal element between two structures; and  Ci 

is controller element in which the outflow through the outlet canal.  

 

RIVER IN BANDUNG CITY 

 

According to Public Works Service for Water Resources, the government of  Bandung City 

has eleven rivers (Fig. 1). Those rivers are Cibeureum, Citepus, Cikalintu, Cikapundung, Cijaura, 

Ciwastra, Cibodogol, Cipamokolan, Cisaranten, Cinambo and Cibiru. The region of East Bandung 

is the river basin of R. Cipamokolan, R. Cisaranten, R. Cinambo and R. Cibiru. Those rivers are 

as if blocked by Padaleunyi tol road, so that this area usually get flood in rainy season. The 

upstream rivers in Bandung district flow into the downstream outlet at Citarum river in the 

southern part of Padaleunyi tol road.  

The most ideal system of fresh water supply and flood control are to construct a reservoir at 

the upstream side with a proper capacity for  a certain return period. However, it is not supported 

by the condition of topography and the industrial area.  To overcome this problem we need to 

construct several small reservoirs at the upstream side and several lakes (water storages) at the 

downstream side, functioning as a retarding basin. 
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Fig. 1: Map of Rivers in Bandung City 
 
RESERVOIR CONFIGURATION 

 

The optimum configuration of reservoir is obtained formerly by determining the elevation of 

important part of Gedebage region.  Based on the result of topographical measurement of 

1:5.000 in scale, we obtain the mean elevation of original ground surface of + 662.00 m, the 

lowest elevation of tol road of + 663.50 m and the mean elevation of railway of + 665.90 m.  If the 

average depth of reservoir is 3.00 m, so the elevation of reservoir base is 662.00 –3.00 = + 

659.00 m. According to this basic assumption, the analyses of reservoir configuration is carried 

out within two alternatives in line with the condition of reservoir capacity, reservoir area, spillway 

capacity and piston pump system (Table 1). 

 

Integrated System of Reservoir 

Flood control in the region of  R. Cisaranten which is occupied by human settlement, offices 

and  “sawah” area, conducted by using an integrated system  in planning as well as in operation.  

This system consists of reservoirs, canals, river and its tributaries. Flood regulation is conducted 

by using the optimation method of complex water distribution with the procedure as follows: 

(1) To predict the reservoir volume 

(2) To calculate the outflow of flood discharge 

(3) To design the system of reservoir operation. 

 In this system, the spillway and pump can operate effectively to flow the flood discharge to 

the lower location in the downstream side of reservoir. This system is analysed by using the 
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computer programme KOMPLEK [1] developed by the Research Institute for Water Resources, 

Ministry of Settlement and Regional Infra-Structures, Bandung – Indonesia.  

The integrated system for Gedebage region has several water resources from R. 

Cipamokolan, R. Cijalupang and R. Cipamulihan. There are two alternatives of system, i.e. 

system of one reservoir and two reservoirs, which each located in northern and southern part of 

railway (Fig. 2). The two diagrams of integrated system are shown in figures 4a and 4b, and each 

reservoir area is R1 = 257,500 m  and  R2  = 202,800 m . Each discharge of the river system is 

as an inflow to the collector system and reservoir, and distributed by the distribution system and 

then flows into the control system or outlet system. The outlet system consists of lining canal and 

piston pump, which is discharged through the pressure-pipe to the downstream side of reservoir 

across Padaleunyi Tol Road.  

 
Tabel 1: Alternative Configurations of Gedebage Reservoir 

Alterna
tive 

Condition 
Reservoir 

Dead 
Storage 

(m3) 

Effective 
Storage 

(m3) 

Area 
(m2) 

Spill.Cap 
(m3sec-1) 

Pump cap 
(m3sec-1) 

Flood 
 w.l. (+m) 

I Resr. R1, depth 
= 3m, full 

6,084,000 7,037,424 2,028,000 25 25 662.47 

I Resr. R1, depth 
= 3m, empty 

0 953,424 2,028,000 25 25 659.47 

II Resr. R1 & R2, 
depth = 3m, R1 
full 

6,084,000 6,665,040 2,028,000 7.5 7.5 662.29 

II Resr.R1&R2,de
pth =3m, R1 
empty 

0 581,040 2,028,000 7.5 7.5 659.29 

I Resr.R1, depth 
= 3m, area R1 
determined 

      

 a.  Resr. empty 0 8,556,624 2,852,208 6 6 662.00 
 b. Resr. full 8,556,624 17,113,250 2,852,208 6 6 665.00 
 c. Resr .empty 0 8,902,224 2,967,408 4 4 662.00 
 d. Resr. full 8,902,224 17,804,450 2,967,408 4 4 665.00* 
 e.  Resr. empty 0 9,075,024 3,025,008 3 3 662.00 
 f.  Resr.full 9,075,024 18,150,050 3,025,008 3 3 665.00* 
I Resr. R1, depth 

= 3m, full 
6,084,000 12,221,420 2,028,000 20 20 665.00* 

I Resr.R1, depth 
= 3m, 

      

 a.  Resr. empty 0 6,137,424 2,028,000 15 15 662.02 
 b.   Resr. empty 0 7,001,424 1,800,000 10 10 662.88 
 c.  Resr. empty 0 7,865,424 1,800,000 10 10 663.36 
 d.   Resr. empty 0 7,865,424 2,000,000 10 10 662.93 
 e.  Resr. Empty 0 7,865,424 1,900,000 10 10 663.10 
 f. Resr. Empty 0 7,865,424 1,950,000 10 10 663.00 

*More than Tol road elevation 
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Fig. 2: Diagram of Flood Control Integrated System, alternative I (left) and alternative II (right) 
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RESERVOIR SYSTEM 
 
Alternative I 

This system only uses one reservoir near Padaleunyi tol road at the southern part of main 
station plan of Gedebage.  In flood condition, the elevation of allowable maximum water level at 
the upstream side of tol road is  + 663.00 m and at the downstream side of tol road is + 662.00 m.  
It means that the system needs a syphon under the tol road or a combination with pump system 
when the capacities of spillway and canal are not enough.  Longitudinal section of canal 
acrossing Padaleunyi tol road is shown in Fig. 3. The principle of analyses is: 
(1) The stop-lock of spillway is opened in dry season by automatically gated spillway. 
(2) The stop-lock of spillway is closed in rainy season to prevent back water from the 

downstream of tol road. 
(3) Dead storage is assumed zero in order to catch flood water from the upstream of reservoir 

as much as possible. 
(4) Effective storage is designed having the elevation of flood water level at  + 663.00 m. 
(5) Depth of reservoir is determined by trial and error. 
(6) Height of threshold of spillway (d) is designed to prevent back water from the downstream 

side with the elevation of water level at  + 662.00 m.  
(7) Capacity of spillway up to the crest elevation at + 662.00 m is calculated by using the 

elevation data and the existing width. 
(8) If  the spillway cannot control the flood, so the alternative pump of high capacity is built in 

order to control the water level in the upstream side of tol road  not to be higher than the 
elevation + 662.50 m.  

  
Fig. 3: Longitudinal Section of Outflow Canal 
 
Alternative II 

The decision of spillway and outflow canal is the same as alternative I, but there is also field 
reservoir of 20 ha in capacity at the southern part of railway to store the excess water flow from 
the upstream river. The storage of reservoir at the northern part of Padaleunyi tol road is 
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designed with the area of  80 ha, and the river training of R. Cipamokolan, R. Cisaranten and R. 
Cinambo should be carried out completely to prevent the flood. The other risk comes from the 
rainfall of more than 50 years return period in the river basin that causes a big flood, and also the 
landuse is still going. 
 
Alternative III 

Cipamokolan river and Cinambo river are separated from the system, so the discharge of 50 

years, Q = 74.31 m3sec-1 comes only from R. Cisaranten. Because of the widening plan of those 

rivers so that the water can be discharged directly into R. Citarum through the waterpipe 

(waterworks) with the discharge capacity of 50 years (Q50). Furthermore, the small reservoirs 

(lakes) at the upstream of R. Cisaranten are built to store water with the minimum area of 20 ha in 

order to control the bigger flood in the Gedebage region.  Regarding to this method the inflow has 

been reduced by the lakes before entering into R. Cisaranten. 

 

WATER RESOURCES MANAGEMENT 

 

Management of water resources consists of some activities for conservation and utilization 

of water resources, and controlling the water quality and quantity. The utilizations of water 

resources are as follows : 

a) To set-up the plan of water resources use. 

b) To supply the water resources for irrigation, domestic, agriculture, industry, drinking and 

fresh water, hydro-power, shipping and excursion. 

c) Development of the water resources to improve the capability and to have the ecosystem 

sustainable use, etc.  

All of the activities should be conducted by an integrated system for planning the orderly 

utilizations of water resources in a given river basin at the levels of the central and the regional 

government, and in the communities. 

In general the erosion and sedimentation controls of the river (watsed) in Indonesia caused 

by the high water rainfall and the soil characteristics of the potentially eroded and that the 

absorption area will not be effective caused by the loosing plant.  

 

SYSTEM OF SPILLWAY, PUMP AND INFLOW CANAL INTO RESERVOIR 

 

Spillway has a function to overflow temporarily the flood discharge from the excess water of 

reservoir into the downstream part of Padaleunyi tol road.  Besides, it also functions to prevent 

back water from the downstream tol road when the flood comes; so that spillway will be as a 

syphon.  Design of spillway is considered to the condition of hydraulic and geotechnic likely as 

“cerucuk” or piles for soft soil foundation. The capacity of waterpipe is also designed due to the 

function as an overflowing facility of spillway. 

Before the flood comes the reservoir should be emptied by pumping. The pump capacity is 

determined based on the necessity of outflow of reservoir, when the capacity of spillway or 

syphon is not enough.  When the flood of 50 years comes, the piston pump is installed in double 

or more. The high pressure pump should have a resistant pressure pipe line which has an 

accurately designed thickness and made of good and strength material. 
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The capacities of inflow canals into reservoir should be designed of  flood discharge of 50 

years concerning with the optimation analyses of network system of rivers and reservoirs, and 

lined to prevent the erosion caused by flow velocity.  The elevation of dikes built on both sides of 

canals are the same as the elevation of dike surrounding the reservoir. The canal is designed in a 

proper slope to prevent sliding.  And the sedimentation should be controlled to prevent 

shallowness, which will reduce the storage of reservoir. 

 

CONFIGURATION AND CAPACITY OF RESERVOIR 

 

The area of reservoir R1 = 257.500 m2 is assumed as an input and the analyses is done by 

using the flood discharge of 50 years return period. The result shows that we have to design 

reservoir of minimum 200 ha in area, and 3.00 m in depth, which combined by spillway and pump 

with each capacity is 10 m3sec-1. Before flooding, the reservoir should be emptied because of the 

elevation of flood water level will be  at + 663.00 m or 0.50 m under the elevation of Padaleunyi 

tol road at + 663.50 m, or 1.00 m above the original ground surface at + 662.00 m. Besides, the 

different capacity of rivers at the southern part of railway should also be controlled, whether the 

dimension is still fulfilled. 

The capacities of rivers or canals should be designed to control the flood discharge of 50 

years, especially for the river at northern part of railway (Table 2).  The outflow spillway and pump 

which are situated at the two locations discharged by using the waterpipe in Gedebage Region 

under the existing Padaleunyi tol road (Fig. 4). Cross section and longitudinal section have to be 

designed due to the capacities shown in Table 2. And the necessity of facilities for flood control in 

Gedebage region is shown in Table 3.  

 
Tabel 2:  Minimum capacities of rivers or canals at the southern part of railway 

No. 
Code  

number 
Name of rivers 

Capacities 

(m3sec-1) 
Description 

1 A1 Cipamokolan 73.54  

2 A2 Cipamokolan 36.73  

3 A3 Rancakasumba / Cipanjalu 74.31 existing 

4 A4 Rancakamurang 21.29 existing 

5 A5 Rancapacing - existing 

6 A6 Diversion II - existing 

7 A7 Diversion III - existing 

8 A8 Diversion III - existing 

9 A9 Cibiru / Cipamulihan 44.12  

10 A10 Bottom of Cisaranten 10.54 existing 

11 A11 Cinambo 44.12  

12 A12 Rancacili 36.73  

13 A13 Bottom of Cinambo 54.66  

14 A14 Cinambo / Cisaranten  91.39  

15 A15 Cinambo / Bottom of Cisaranten 20.00  

16 A16 Spillway  2 x 5.00 2 places 

17 A17 Pump  2 x 5.00 2 places 
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Table 3:  Facilities for flood control in Gedebage Region of Bandung City 

No Structure Number Treatment Capacities Description 

1 Reservoir  1 excavated 
3 m 

200 ha bottom 

  2  100 ha; 50 ha upper 
  1  80 ha Bottom 

2 Rivers  8   location 
 Cipamokolan - river 

training 
73.45 m3sec-1 upstream 

      
 Cipamokolan - river 

training 
36.73 m3sec-1 downstream 

      
 Rancakasumba/ 

Cipamokolan 
- river 

training 
74.31 m3sec-1 downstream 

      
 Bottom of 

Cisaranten 
- river 

training 
21.29 m3sec-1 downstream 

      
 Cibiru / 

Cipamulihan 
- river 

training 
44.12 m3sec-1 downstream 

      
 Bottom of 

Cisaranten 
- river 

training 
10.54 m3sec-1 downstream 

      
 Cinambo  - river 

training 
44.12 m3sec-1 southern 

      
 Rancacili  - river 

training 
36.73 m3sec-1 southern 

      
 Bottom of 

Cinambo 
- river 

training 
54.66 m3sec-1 southern 

      
 Cinambo / 

Cisaranten 
- river 

training 
91.39 m3sec-1 bottom 

      
 Cinambo / 

Cisaranten 
- river 

training 
20.00 m3sec-1 downstream 

      
3 Spillway / Syphon 2 automatic 

gate 
2x5.0 m3sec-1 downstream 

4 Piston pump 2 permanent 2x5.0 m3sec-1 downstream 
5 Dikes  some 

places 
permanent El. +663.50 m at the river and 

reservoir 
6 Checkdam  2 permanent 74.31 m3sec-1 ups.R.Cisaranten 
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Fig. 4: System of Rivers, Reservoirs and Outflow Canals in Gedebage Region of Bandung City, 
alternative I (left), alternative II (right) 
 
CONCLUSIONS  
 

Three alternatives of location plan of reservoirs as follows. Firstly, at the border of 
Padaleunyi tol road with the area of 200 ha, and the inflow discharge into Gedebage Reservoir 
comes from R. Cipamokolan, R. Cisaranten and R. Cinambo. Secondly, same as point (1), but a 
lake with the area of 20 ha is constructed at the upstream part of R. Cisaranten, so that the area 
of reservoir at downstream side of only 80 ha.  Besides, the three rivers should be designed in a 
proper dimension to store water from R. Cisaranten which flowing into Gedebage Region. Thirdly, 
same as point (1), but the flood control of R. Cipamokolan and R. Cinambo are separated from R. 
Cisaranten as the inflow discharge into Gedebage Reservoir. The necessities of total area of R. 
Cisaranten of about 40 ha, at the upper part of R. Cisaranten of 20 ha and at the upstream part of 
R. Cisaranten still needs a reservoir or checkdam with the area of 20 ha. Finally, the ideal 
location of reservoir is the interconnected rivers of R. Cinambo and R. Cisaranten which are 
situated at the northern part of Padaleunyi tol road. The addition reservoir at the northern part of 
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railway is only to reduce the capacities of pump and spillway as an outflow canal. Field reservoirs 
(lakes) constructed at the upstream of R. Cisaranten have a function to control flood in 
downstream side in rainy season and to store water in dry season. 
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