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Abstract: The Saguling dam is built on the cascade system of the Citarum river. The Saguling dam is 

located upstream of the system over the Cirata and Jatiluhur dams. Besides having the many benefits (irrigation, 

recreation, flood control, water storage, etc.), the Saguling dam saves the risk of big dangers in the case of the 

failure. The general failure or dam break reason of the Saguling dam can happen due to the internal and external 

factors. The internal factor is an occurrence of breach in the dam body that causes the process of piping in the top, 

center and low part of the dam body. Another internal factor is the mal-function of the spillway if the water 

discharge is too much. The external factor is the big flood discharge that can cause the overtopping. This research 

intends to conduct the simulation of dam failure or dam breaks in the Saguling dam. The methodology consists of 

data collection for the material of dam break analysis 2D like hydrology data, digital map, and technical data of 

dam. Then, the collected data was analyzed using the HEC-RAS software. Considering the possibilities of failure 

risk of Saguling dam, the simulation analysis of dam failure or dam break was performed for some scenarios and 

their impacts on the downstream part of the dam. The results show that the Saguling dam with the overtopping 

scenario has the worse impact than the piping scenario with the maximal inundation area and the possibility area of 

19.39 km
2
. The simulation of the Saguling dam failure or dam break produces the flood discharge whose flow will 

reach the Cirata reservoir in 3 hours. 

Keywords: dam, failure, dam break, simulation, piping, overtopping. 

使用HEC-RAS软件模拟 萨古灵溃坝 

摘要：萨古林大坝建在柑桔河的梯级系统上。萨古林大坝位于西拉塔和贾蒂卢赫大坝上

方的系统上游。除了有许多好处（灌溉、娱乐、防洪、蓄水等）外，萨古岭大坝还可以在发

生故障的情况下避免巨大的危险。萨古岭大坝的一般故障或溃坝原因可能是由于内部和外部

因素造成的。内部因素是坝体发生破口，导致坝体顶部、中部和下部布管过程。另一个内部

因素是溢洪道的故障，如果排水量过多。外在因素是大洪水造成的超限。本研究旨在对萨古

岭大坝的溃坝或溃坝进行模拟。该方法包括水文数据、数字地图和大坝技术数据等二维溃坝

分析材料的数据收集。然后，使用HEC-

RAS软件分析收集的数据。考虑到萨古岭大坝发生溃坝风险的可能性，针对部分情景及其对

大坝下游的影响，进行了溃坝或溃坝的模拟分析。结果表明，覆顶情景的萨古岭大坝的影响

比淹没面积最大、可能面积19.39平方公里的管道情景的影响更差。萨古林大坝溃坝或溃坝的

模拟产生了洪水，其流量将在3小时内到达 西拉塔 水库。 

关键词：大坝，失效，溃坝，模拟，管道，超限。 
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1. Introduction 
A reservoir usually functions as a storage that is 

used for raising the water level [1]-[2], and the dam 

body acts as a barrier to the seepage of the water 

downstream and as a buffer for the water storage. If the 

reservoir has the multipurpose functions that are for 

irrigation, water supply, flood control, hydroelectrical 

power, and fishery, we can imagine the significance of 

the reservoir functions for human life [3]-[4]. The dam 

break will threaten the human life and goods and the 

spread of the flood wave since there are general facility 

structures, human residential and agricultural areas in 

the downstream of the dam. This is due to the less 

minimum knowledge about the inundation depth of the 

flood and the travel time [5]. Flood behavior of dam 

break has a special characteristic due to the potential 

energy because of the elevation difference between 

downstream and upstream of the dam that will cause 

the high flow velocity and sudden outflow from storage 

to the downstream of the dam [6]-[7]. The important 

parameters, which affect the flood greatly due to the 

dam break include the travel time of the flood wave, 

travel time of the flood peak, and the flood peak depth 

[8]. Flood routing very necessary for analyzing these 

three parameters [9, 10].  

The Saguling dam is located in the West Bandung 

Regency, West Java Province, and at an elevation of 

643 m over the sea. By the cascade system, the 

Saguling dam is one of the three reservoirs that dam the 

flow of the Citarum river located in the most upstream 

and then followed by the Cirata and Djuanda 

(Jatiluhur) dams located at the bottom. The inundation 

area of the Saguling reservoir is about ± 5,600 ha with 

the volume of initial storage 875 million m
3
 during the 

first operation in 1986. 

The area of the Saguling watershed is about 2,283 

km
2
, the average yearly rainfall is estimated lower 

being 1,702 mm/year. Based on a previous study, the 

design flood that can happen in the Saguling watershed 

for 1,000 years is about 5,585.7 m
3
/s; however, the 

maximum flood, or QPMF (probable maximum flood), 

can be about 8,099.7 m
3
/s). 

As this dam is located in the most upstream in the 

cascade dam system of the Citarum river, it has one of 

the main functions, such as the stability and safety 

guards of the dam structure under it. In the case of the 

failure or dam break in the Saguling dam, the 

downstream dams will have the same risk directly 

because the water flow as the result of the Saguling 

dam break is directed into the dams under it. 

The potency of flood discharge (QPMF) and the large 

reservoir volume can cause the dam break disaster. 

Therefore, it is necessary to simulate the Saguling dam 

break and analyze its impact in the downstream. 

 

 

2. Materials and Methods 
 

2.1. Study Location 
The research location is in the Saguling dam that is 

built on a section of the Citarum river. 

Administratively, the Saguling dam is located in the 

Saguling village, Saguling district, West Bandung 

Regency, West Java Province. The owner of Saguling 

dam is PT PLN (Persero) and the Manager of Saguling 

Dam is PT Indonesia Power UPB Saguling.  

The development process of the Saguling dam was 

in progress from 1980 until 1986. The dam 

construction (embankment) is in the Saguling dam, the 

Saguling district. However, this dam drowns 49 

villages. About 12,000 households were moved, part of 

them followed the transmigration project. The designed 

life time of the dam is about 60 years, i.e., until 2044. 

The Saguling dam is built for the electrical energy 

interest. In the beginning stage, the installed electrical 

energy generation has the capacity in the amount of 

700 MW. In the course of time, the electrical capacity 

increased to 1,400 MW, it is due to the increasing 

demand for electricity. The Saguling dam functions as 

a fishery, irrigation, agro-aqua-culture, and tourism 

facility. Figure 1 presents the Saguling dam and 

reservoir. 

 

 
Fig. 1 The Saguling dam and reservoir  

 

2.2. Dam Break 

Dam break can become a great disaster if it 

happened. The material loss will be experienced from 

this event, it can lead to fatalities. The population and 

all forms of assets in the dam downstream will suffer 

due to the event. The routine and periodical 

maintenance that is well carried out by the dam 

manager can minimize the occurrence of disaster. 

Considering the dam break in general, the earthen 
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dams can be classified into three groups by the dam 

break reason as follows [3]: 

 

2.2.1. Hydraulic Break 

Hydraulic break generally happens when the water 

flow around the dam is uncontrolled. The flow will be 

erosive in the dam body and foundation. The earthen 

dam is very susceptible to the hydraulic break incident 

because the soil can be eroded although the velocity is 

low. The erosion of the earthen dam due to the big 

enough rainfall is shown in Figure 2.   

  
Fig. 2 Dam erosion due to the rainfall 

 

2.2.2. Seepage Break 

The seepage generally happens in all dams, its 

velocity must be controlled. The seepage can happen 

through the dam body and the dam foundation. If the 

seepage is uncontrolled, the water can get away 

because of the piping break. 

 

2.2.3. Structure Break 

The structure break involves the dam or foundation 

breach or break. It is mainly dangerous for the big dam 

or the dam that is built from the low strength material 

like clay and sandy soil. The crack forms that can cause 

a dam break are illustrated in Figures 3 and 4.    

 
Fig. 3 The structure breach due to the piping [11] 

 

 
                            (A)                                                (B) 

Fig. 4 The mechanism of cracking due to the piping (A) and 

overtopping (B) [12] 
 

2.3. HEC-RAS Simulation  

Dam body or foundation break causes the 

uncontrolled reservoir water discharge in the large 

volumes. The dam breaks in this research were 

simulated using the HEC-RAS software. The required 

data include the input of dam break analysis 2D, 

hydrological data, digital map, and the dam technical 

data with the following details:  

1. Digital map data 

The digital map is the Digital Elevation Model 

(DEM) map, water catchment area (DTA) in the 

reservoir, and the boundary of inundation potency due 

to the dam break. 

2. Technical data of the Saguling dam 

The required technical data of the dam include the 

dam peak thickness, the reservoir storage capacity, and 

the elevation of the flood water level. 

3. Hydrological data 

The required hydrological data include the design 

flood during a certain period. This research uses the 

maximum design flood hydrograph or QPMF (Probable 

Maximum Flood). 

The HEC-RAS simulation used the analysis results 

of hydrograph outflow from the dam and flood routing 

downstream of the hill. The dam break process begins 

by the breaching, which is a hole formed during the 

dam breaking. The breaching is determined by two 

ways: overtopping and piping. Breaching in this 

modelling uses the scenario of overtopping and upper, 

middle and lower piping. The breaching is modelled as 

the breaching of seepage hole of the trapezoid shape.  

 

3. Results and Discussion 
 

3.1. Data Input 

Data inputs for the Saguling dam break simulation 

are as follows:  

The digital map data 

Digital maps include the Saguling reservoir area 

map and map of the Saguling dam downstream of the 
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Cirata reservoir from the DEMNAS website with the m 

format (*.tiff). Figure 5 presents the digital map of the 

Saguling dam break. 

 
Fig. 5 Digital map of Saguling dam break simulation 

 

3.2. Technical Data of Saguling Dam 

The required technical data for the Saguling dam 

break simulation have some boundary conditions as 

follows:  

 Weir width = 10 m (filed data) 

 Weir length = 260.81 m (adjusted to the of BC 

line connection) 

 Weir top elevation = 650.5 m- (field data) 

 Center station break structure = 150  

 Final bottom width of the failure structure = 50 

m 

 Final bottom elevation of the failure structure = 

623 m 

 Left side slope of the failure structure = 1  

 Right side slope of the failure structure = 1  

 Break weir coefficient = 1.44 (default) 

 Breach formation time = 1 hour 

 Failure mode = Overtopping   

 Trigger failure at water surface elevation = 

650.5 meter (adjusted to the peak elevation) 

However, for piping scenario, there are some 

differences as follows:  

 Failure mode = Piping    

 Piping coefficient = 0.5 (default) 

 Initial piping elevation = 640 m  the upper 

piping scenario 

 Initial piping elevation = 630 m  the middle 

piping scenario  

 Initial Piping elevation = 623 m  the lower 

piping scenario 

 Trigger failure at water surface elevation = 645 

m (data of flood water level) 

Data of hydrology 

The hydrology data used in this simulation process 

are maximum design flood hydrograph or QPMF 

(Probable Maximum Precipitation). Table 1 presents 

the design flood hydrograph-QPMF of the Saguling dam. 

 
Table 1 Design flood hydrograph - QPMF of Saguling dam 

 
 

3.3. The simulation Process 

The simulation process for the Saguling dam break 

has four scenarios: overtopping, upper piping, middle 

piping, and lower piping. All scenarios are simulated 

during 70 hours (simulation time) with the output result 

as the inundation map and relation curve between the 
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maximum water level elevation and channel bed 

elevation at this point. 

 

3.4. The Simulation Result Output 

The results of the inundation area simulation 

produced from the four scenarios are given in Table 2. 

 
Table 2 Maximal inundation area of Saguling dam break simulation 

Condition Inundation area 

Overtopping m2 km2 

Upper piping 19,388,625,9 19.39 

Middle piping 17,347,946.58 17.35 

Lower piping 17,339,975.93 17.34 

 

Based on Table 2, it can be concluded that 

considering the impact of inundation due to the 

Saguling dam break, the worst scenario is under the 

overtopping condition with the total inundation area of 

19.39 km
2
. The simulation results showed the 

maximum inundation that might happen in three hours 

after the Saguling dam break. This indicates that at that 

time the maximum water discharge will reach the 

Cirata dam. Therefore, it is possible for the Cirata dam 

to experience a break at that time (3 hours) after the 

Saguling dam is broken. Figure 6 describes the 

maximum inundation, the process of flood flow due to 

the Saguling dam break under the overtopping 

conditions and how the flow reaches the Cirata 

reservoir. The details of each scenario regarding 

maximum water-level elevation are presented in Tables 

3-6 and Figures 7-10. 

 
Fig. 6 Flow process toward the Cirata reservoir after the Saguling dam break 

 
Table 3 Maximum water-level elevation of the Saguling dam by overtopping scenario 
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Fig. 7 Maximum water-level elevation due to the Saguling dam break under the overtopping conditions 
 

Table 4 Maximum water-level elevation due to the Saguling dam break according to the upper piping scenario 

 
 

 
Fig. 8 Maximum water-level elevation due to the Saguling dam break according to the upper piping scenario 
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Table 5 Maximum water-level elevation due to the Saguling dam break according to the middle piping scenario 

 
 

 
Fig. 9 Maximum water-level elevation due to the Saguling dam break according to the middle piping scenario 

 
Table 6 Maximum water-level elevation due to the Saguling dam break according to the lower piping scenario 
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Fig. 10 Maximum water-level elevation due to the Saguling dam break according to the lower piping scenario 

 

4. Conclusion  
The Saguling dam is a component of the cascade 

system in the Citarum river. The general failure or dam 

break of the Saguling dam can happen due to the 

internal and external factors.  

The factors affecting the Saguling dam break in 

general can be classified into 2 (two) groups: 1) the 

internal factor such as the possibility of operation 

failure (mal-function) in the spillway gate; and 2) 

external factor such as the maximum design flood with 

the maximum discharge of 8.099 m
3
/s that causes 

overtopping and or piping.  

According to the overtopping scenario, the Saguling 

dam has the worst impact compared to the piping 

scenario with the maximum inundation area of 19.39 

km
2
. The simulation of Saguling dam break suggests 

that the design flood will reach the Cirata reservoir in 3 

hours’ time. Moreover, it can cause the Cirata dam 

break with the additional discharge from the Saguling 

dam break plus from the Cirata dam itself. Thus, the 

Saguling dam break adds the risks for the Cirata dam. 
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