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Abstract. Flooding is an obstacle for water infrastructure which installed in a river system in Ciliwung, 

West Java, Indonesia. The climate change triggers unpredictable rainfall which occurs in the watershed, 

therefore the vulnerability of river and other infrastructures are alarming. The rehabilitation and maintenance 

strategies are needed to make water infrastructures in the river system obtain lower damage. The research 

aims to simulate the 2-D HEC-RAS modelling of river system and stability. The result produces the water 

level of the river even in 1000-year discharge flood. Also, the research proposes the earth embankment dam 

for flood reduction in the watershed. The dam is designed according to the ideal condition. The simulation 

of HEC-RAS shows that the river experiences flooding in a certain condition. Besides, the research 

concludes that designed dam could overcome the flooding problem and suitable strategy for water 

infrastructure maintenance towards flooding impacts. Further investigation towards soil data for designed 

dam should be further analyzed to obtain better and comprehensive understanding.  

1 Introduction 

Ciliwung River watershed is one of 13 watersheds that 

are in critical condition due to land-use change. The 

upstream Ciliwung watershed covers an area of around 

14,900 hectares located in Bogor Regency and is 

included in a mountainous area with an elevation of ± 

2000 meters above sea level. In this region, it is 

generally culled by the swift flow of floods during the 

rainy season, which causes downstream areas such as 

Bogor City and DKI Jakarta Province to experience 

flooding submissions from the upstream of the Ciliwung 

watershed. This region also has a high slope variation 

above 45%. 

Changes in land use in the upstream Ciliwung 

watershed occur from the cover of good vegetation to 

residential areas between 1981 and now. During this 

time, there has been a change in the use of land use from 

forests, technical rice fields, and rain-fed rice fields, 

which has become a residential area of ± 300 ha. The 

conversion of the upstream Ciliwung watershed during 

the 1990 to 1999 period is relatively rapid, marked by 

an increase in the area of built land by 20.3%. The 

impact of land-use change on river flow is reflected by 

an increase in the maximum average daily flow of the 

Ciliwung River in 1989 - 1999 and a decrease in the 

average daily minimum flow of the river so that the 

water balance is disturbed. 

Moreover, several problems arise from the flooding 

hazard. Various water infrastructures are in danger 

condition because they are attacked by flooding. The 

strategy to eliminate the level of the flood is needed to 

maintain the water infrastructures last longer. 
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According to the mentioned problems, the Ciliwung 

river experienced several events of flooding in recent 

years. Hence, the research aims to simulate the capacity 

of Ciliwung river due to flooding through 2-D HEC-

RAS modelling. The software is widely used to show 

the hydraulics profile of a river [1–5]. Moreover, the 

research designs the rehabilitation of water 

infrastructure because of the flood by reducing it. The 

reduction strategy involves the design of the proposed 

earth embankment dam in the river. The research is 

necessary due to limited theory of maintenance strategy 

for water infrastructure through flood reduction. 

2 Methods 

2.1 Flood analysis 

Flood analysis is computed through Nakayasu synthetic 

unit hydrograph [6], [7]. To estimate the flood discharge 

that will occur can be done by a runoff model with the 

method. 

2.2 Hydraulics analysis 

Hydraulics analysis carried out in this channel planning 

uses the general theory of HEC-RAS program 

calculation which is used to calculate one-dimensional 

river flow profiles, both steady flow and unsteady flow. 

Hydraulics analysis is needed to plan the channel cross-

section dimensions. 
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HEC-RAS is a package program from USACE (US 

Army Corps of Engineer). This software has four 

components of the hydraulics count, namely: a 

permanent flow profile, a simulation of non-permanent 

flow, sediment transport, and a calculation of water 

quality.   

HEC-RAS is a software-based assistive program that 

can integrate graphical user interface features, hydraulic 

analysis, reporting, graphics and data management and 

storage. Graphic facilities provided by HEC-RAS 

include, among other things, cross-section, elongated 

views. 

HEC-RAS is an application program for modelling 

open channel flows such as drainage, rivers, and other 

open channel cross-sections. River Analysis System 

(RAS), created by the Hydrologic Engineering Center 

(HEC) which is a work unit under the US Army Corps 

of Engineers (USACE). HEC-RAS can present one-

dimensional modelling of steady and unsteady one-

dimensional flow models. 

In channel modelling using HEC-RAS, the input of 

the four components can use the same geometry data and 

hydraulic calculation routines, as well as several 

hydraulic design features that can be accessed after the 

countdown of the water profile. HEC-RAS is an 

application program that integrates features of the 

graphical user interface, hydraulic analysis, 

management and storage of data, graphics, and 

reporting. 

2.3 Earth embankment dam: water 
infrastructure rehabilitation strategy 

Landfill dams are dams that are commonly built because 

the construction uses locally available excavated 

material that does not need much processing. Compared 

to other types of dams, this type can be built on almost 

all types of foundation soil and poor topography. 

The design of the dam is supported by the usage of 

SLOPE/W software. SLOPE/W is a software product 

for calculating soil safety and rock slope factors. 

SLOPE/W can be analyzed both simple and complex 

problems using one of eight boundary equilibrium 

methods for various sloped surfaces, compressive 

conditions of water pores, soil properties and 

concentrated loads. The program is also widely used to 

simulate stability [7–10]. 

3 Results and Discussion 

3.1 Flood design 

The maximum rainfall intensity data in the research is 

obtained from three rain gauge station: Halim Perdana 

Kusuma, Bogor Climatology, and Citeko rain gauge 

station. To calculate the maximum weighted annual 

daily rainfall it is necessary to calculate the weight of 

the catchment area using the Thiessen method [6], [7], 

[11]. Figure 1 depicts the Thiessen analysis in the 

research area. 

After that, the rainfall data is analyzed through 

Smirnov-Kolmogorov method. The acceptable group of 

data then computed by using Nakayasu method. The 

result of Nakayasu method to analyze the design flood 

is depicted in Figure 2. 

 

Fig. 1. Ciliwung subwatershed 

Fig. 2. Flood hydrograph of Ciliwung sub-watershed 

3.2 Hydraulics analysis: HEC-RAS modelling 
approach 

Hydraulic analysis of the Ciliwung River using HEC-

RAS modelling was carried out to obtain the channel 

capacity needed to help overcome the problem of 

flooding in the Upper Ciliwung River area. 

The planned discharge amount acts as a boundary 

condition in modelling at HEC-RAS and is modelled as 

an inflow or lateral discharge that enters the channel. 

The next step is to enter the condition of the river flow 

whether the flow is fixed (steady flow) or the condition 

of the flow is not fixed (unsteady flow). In this analysis 

carried out by unsteady flow analysis. Then the 

hydrograph flow and stage hydrograph values will be 

entered, where the flow hydrograph values are obtained 

from the flood discharge calculation of the Nakayasu 

method plan. 

Analysis of the existing cross-sectional capacity of 

the Ciliwung River is carried out on the current river 

conditions to find out the maximum drainage capacity in 

each river segment. 
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Fig. 3. 2-D HEC-RAS modelling result 

 

Fig. 4. Slope stability of Upper Ciliwung River 

The analysis of HEC-RAS simulation is depicted in 

Figure 3. The analysis uses a design flood for 1000 

years. Besides flood analysis, slope stability strength of 

the river embankment is analyzed by using Geo-Studio 

supporting tool. Figure 4 describes the condition of the 

slope stability of the Ciliwung River 

Based on the results of the slope analysis with Geo-

studio from the existing channels, the slope is qualified 

as safe condition, because the slope safety factor 

requirement is approximately between 1.5 and 2. 

3.3 Earth embankment dam design 

The construction of a proposed dam in the upstream 

part of the Ciliwung River is needed as an effort to 

reduce and mitigate flooding in the downstream part of 

the Ciliwung River. The research aims to design the 

eligible dam which could be an option to build. 

Based on the plan, the dam will be placed in the 

Megamendung area, Bogor regency, West Java, with 

+573 meters above sea level. The dam is planned to have 

an area of 782 hectares with a dam body length of 100 

meters. The location was chosen based on several 

considerations including the availability of land, being 

in the highlands, blocking some river branches, and not 

a densely populated area so that if the land acquisition is 

expected to be more economical. 

After the design process, the dimension and the body 

structure of the dam are analyzed to obtain the safety 

factor. Figure 5 depicts the result of SLOPE/W analysis. 

 

 

Fig. 5. Slope stability analysis 

Analysis of the dam body slope with Geo-Studio 

software. The results of slope stability analysis on the 

body of the dam as in Figure 5 shows that the dam 

classified as safe with a safety factor of 3.041 meets the 

minimum SF requirement of 1.5. Analysis of dam body 

seepage with Geo-Studio software with this type also 

reduces pore water level to the drainage area of the dam 

so that seepage or seepage does not occur in the above 

dam. Figure 6 describes the seepage analysis. 

The construction of dams in the Ciliwung watershed 

can be said to be effective in reducing flooding. As seen 

in numerical analysis and flood routing graphs, planned 

dams with an area of 752 hectares, dam body length of 

100 meters, a height of 50.05 meters can reduce peak 

flooding to approximately 1100 m. Originally inflow 

(design flood) reached 2800 now outflow to 1700 m3/s. 
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Figure 7 describes the flood reduction by using the 

proposed dam. 

 

 

Fig. 6. Seepage analysis 

 

 

Fig. 7 Flood routing 

4 Conclusion 

The existing Upper part of Ciliwung river channel has 

more than enough capacity if the flood discharge is 

planned for the category of channel construction (100-

year design flood discharge), but if subject to 1000-year 

flood discharge, the channel status will be alarming due 

to elevation water is only less than 1 meter with a 

channel surface threshold to overflow. Construction of a 

dam with an area of 752 hectares in the Megamendung 

area, Bogor regency, is considered significant in the 

effort to reduce flooding as water infrastructure 

maintenance strategy. 
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