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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?. The simulation of the Saguling dam failure or dam break produces the flood discharge whose flow will
reach the Cirata reservoir in 3 hours.
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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*® during the
first operation in 1986.

The area of the Saguling watershed is about 2,283
km? 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®/s; however, the
maximum flood, or Qpwr (probable maximum flood),
can be about 8,099.7 m%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 (Qpve) 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 wuntil 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.

. '-.. v ‘!'_"'_,
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.

!.rr!"i

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

@ (®)
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 Qpur (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
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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

=  Final bottom elevation of the failure structure =

= Leftside 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 Qpue
(Probable Maximum Precipitation). Table 1 presents
the design flood hydrograph-Qpwe Of the Saguling dam.

Table 1 Design flood hydrograph - QPMF of Saguling dam

{hour) Q P_':I, F (hour) Q P_Ell_,F (hour) Q P_:'l ,F (hour) QP_E'I ,F
(m"/s) m"/s) (m " %) (m~4&)

1 0,00 0,00 17.00 6,783,770 35.00 2,041,583 53,00 499,09
2 L0007 1871 1800 6.445884 35.00 1.893.04 54,00 460,63
3 2,00 272,34 19.00 5,109.19 37.00 1.754. 28 55,00 425,08
4 3.00 1,357.42 20,00 8. 77031 35.00 1,625,104 596,00 392.23
o 4,00 2,904, 14 21.00 5,436 A0 39.00 150477 57,00 361.87
[ 5.00 4,432,556 22.00 8, 11050 40,00 1,392.92 55,00 333.83
T 6,00 5,714.21 23.00 4,785.17 41,00 1,288,598 59,00 307,92
8 .00 5,685.90 24,00 4,491,770 42,00 1.192.44 G0,00 284,00
9 B.00 T.371.61 26,00 4,20127 43,00 1,102,83 51,00 261,91
10 9,00 7,803,887 26.00 3,924 52 44,00 1.019.70 62,00 241,52
11 1000 8,032.22 27.00 366177 45.00 7 942601 53,00 222,70
12 10,34 8.071.38 2,00 3,413,08 48,00 871,15 54,00 205,33
13 11.00 8,099,775 29.00 3,178,355 47,00 504,94 55,00 189,30
14 1200 8,043 .43 30,00 2,957 .30 43,00 743,62 66,00 174,50
15 1300 7,893,714 31.00 2,749 56 45,00 635,54 67,00 160,85
18 14,00 T.675,30 32,00  2,55487 50,00 634,29 58,00 148,27
17 1500 740771 33.00 2,372,113 51.00 585,67 59,00 136,65
& 18,00 T106 A6 34.00 2201,39 52.00 540,70 70,00 125,94

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 ~ m? km?
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® 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.
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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
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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 Sagulmg dam break according to the middle plplng scenario
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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®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® 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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