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Abstract. A dam break induced-flood propagation modeling is needed to reduce the losses of any potential 
dam failure. On the 25 July 2013, there was a dam break generated flood due to the failure of Way Ela Natural 
Dam that severely damaged houses and various public facilities. This study simulated the flooding induced 
by the failure of Way Ela Natural Dam. A two-dimensional (2D) numerical model, HEC-RAS v.5, is used to 
simulate the overland flow. The dam failure itself is simulated using HECHMSv.4. The results of this study, 
the flood inundation, flood depth, and flood arrival time are verified by using available secondary data. These 
informations are very important to propose mitigation plans with respect to possible dam break in the future. 

1 Introduction  
Way Ela Dam was a dam located in Negeri Lima Village, 
Leihitu District, Ambon Island. This dam was formed 
naturally by landslide due to high rainfall on 13 July 2012 
[1]. Avalanche material was carried in the form of soil and 
rocks with a very large volume, thus closing the flow of 
the Way Ela River. The avalanche caused the formation 
of a dam on Way Ela River. 

A year after it was formed, on 25 July 2013 flooding 
occurred due to an extreme rainfall that caused the failure 
of the natural dam. According to Badan Nasional 
Penanggulangan Bencana (BNPB), the generated flood 
depth was about 6-7 m and took the lives of 1 person while 
the number of refugees reached to 3,000 people. The flood 
caused by the failure of the natural dam at least destroyed 
more than 350 housing units and other public facilities.  

The climate change that causes extreme rainfall, has 
increased the frequency of floods, landslides, and 
increasing disaster risks caused by a dam failure [2]. 
Modeling the dam failure and the impact of the flood is 
necessary to reduce losses from the potential for dam 
failure [3]. A numerical model is often used to predict the 
flood propagation due to a dam failure, but the model used 
is generally still 1-D, so the distribution of inundation can 
not be predicted accurately. However the 1-D model 
approach can be used for certain cases, mostly used in 
channel planning, but it has limitations on runoff analysis 
[4]. At the time the water starts to overflow to surface, 2-
D phenomenon occurs. Therefore, it is necessary to have 
the calculation of the area of inundation, water level 
inundation, and rapid flood flooding (flood travel time). 
By conducting such analysis, the disaster risk of the 
affected area can be known [5]. 

Way Ela dam failure was studied and modeled using 
Zhong Xing HY21 [6]. The study was based on the 
assumption that the dam failure was caused by middle 
piping due to a PMF (Probable Maximum Flood) 
discharge, although it was mentioned that the inflow 
during the incident was not due to a PMF discharge. 
Additionally, based on investigation report [7], the cause 
of the dam failure was overtopping. Therefore it is 
necessary to conduct research based on the latest data 
from investigation report [7] 

HEC-RAS v.5 is a numerical software model with a 
free license that has been widely used to simulate flood. 
Starting from v.5, the model is capable of simulating 2D 
flow, which gives it an advantage for estimating flood 
inundation. The model was developed based on the full 
2D St. Venant equations, solved using a finite difference 
scheme. The model is robust and accurate. The model was 
applied for simulating Monticello Dam Breach with good 
results [8].  

In this study, 2-D modeling of flood propagation 
caused by the failure of the Way Ela natural dam is 
conducted in order to predict the flood inundation, flood 
depth and flood arrival time so that it can anticipate and 
reduce the human-economic losses . The modeling is 
based on the failure information that has occurred and the 
DEM (Digital Elevation Model) data. A two-dimensional 
(2D) numerical model, HEC-RAS v.5, is used to simulate 
the overland flow. The dam failure itself is simulated by 
using HECHMSv.4. 

2 Methodology of study 
The flow chart of this study is given in Figure 1.  
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Fig. 1. Flow chart. 

Land Cover was analyzed to obtain the runoff 
coefficient and manning’s n value for the inflow discharge 
hydrograph. Hydrological parameter was analyzed to 
obtain the inflow discharge hydrograph as the input for 
reservoir routing the dam failure outflow. Reservoir 
bathymetry was analyzed for reservoir routing as the 
parameter of reservoir storage characteristic. Dam 
parameter was analyzed with the reservoir routing as the 
parameter for dam characteristic and dam failure scenario. 

2.1. Study Area  

Way Ela Natural Dam is located in Negeri Lima Village, 
Leihitu District, Ambon Island. The village had a mean 
elevation between 0-700 m above sea level. The main 
River are the Way Ela River which in 2012 dammed to 
form a natural dam due to avalanches. 

  

 

Fig. 2. Study area. BNPB [1] 

 

(a) Before dam failure. 

 

 

(b) After dam failure. 

Fig. 3. Orthophoto inunduation image. 

The images before and after dam failure are shown in 
Figure 3. The urban areas affected by flood due to the dam 
failure is approximately 147,749.8 m2. 

2.2 Land Cover  

In this study the land cover is used to define the Runoff 
coefficient (C). The Way Ela Watershed Land is covered 
by forest with Runoff coefficient is 0.5 [9]. 

 
Fig. 4. Land cover map of the study area 

2.3 Reservoir Routing  

The reservoir routing was calculated using HEC-HMS to 
estimate the amount of discharge when the dam failed. 
There are three main parameters used as the input for 
reservoir routing in HEC-HMS, inflow, reservoir 
bathymetry and the dam failure scenarios. The output 
from this reservoir routing is the outflow discharge due 
the failure of Way Ela Natural Dam. 

Table 1. HEC-HMS data used. 

Data Values 
Watershed Area (m2)  12.56 

River Length (m) 6.85 
Land Cover (Runoff 

Coefficient) 
0.5 

Inflow Hydrograph Figure 4 
Dam Top Elevation (m) + 215.66 
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Data Values 
Dam Top Length (m) 300 

Normal Water Level (m) + 197 

2.3.1 Inflow 

The inflow of the reservoir was calculated using rainfall 
at the time of the dam failure. The condition of this inflow 
at the time of dam failure was estimated with Synder-
Alexeyev Synthetic Unit Hydrograph based on the 
characteristic of the catchment area as given in table 1. 

The rainfall detected at the dam failure by Ambon 
Meteorological Agency (BMKG) was 432 mm. The 
results are shown in the Figure 5 along with the capacity 
of the spillway of the natural dam. It shows that inflow 
exceeds the spillway capacity. 

 

 
Fig. 5. Inflow hydrograph 

2.3.2 Reservoir Bathymetry 

Reservoir Bathymetry of the Way Ela natural dam was 
analyzed based on previous studies [7], the result is given 
in figure 5 along with the dam elevation (table 1).  

 

 

Fig. 6. Storage-Elevation curve 

Figure 6 shows the maximum storage capacity of the 
reservoir is 19.807,000 m3 and after the dam failure the volume 
of water becomes 2,500,000 m3. 

 

 

2.3.3 Dam Failure Scenario 

In this study a simulation was conducted for the dam 
failure with the assumption that the failure was caused by 
overtopping based on previous studies [7]. 

Table 2. HEC-HMS data used. 

Overtopping 

Top Elevation (m) 215.66 

Bottom Elevation (m) 115 

Bottom Width 201.32 

Left Slope (xH : 1V) 1 

Right Slope (xH : 1V) 1 

Development Time (HR) 10 

Trigger Elevation (m) 200 

 
The scenarios parameter is given in table 2. The 

trigger elevation is set to + 200 m, is 3 m above spillway 
= 197 m, because based on chronology when the dam 
failure sliding occurs on the dam body because the 
spillway only finishes 70% and then collapses. The dam 
failure development time is 5 hours but lengthened to 10 
hours due to emergency spillway [7]. The Bottom Width 
parameter is 2 × dam height [10]. 

2.4 Flood Propagation Model  

The 2D flood propagation was modeled using HEC-RAS 
v5. The HEC-RAS v5 solves the full 2D Saint Venant 
equations [11] : 
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  where h is the water depth (m), p and q are the 

specific flow in the x and y directions (m2/s), is the surface 
elevation (m), g is the acceleration due to gravity (m/s), n 
is the Manning resistance, is the water density (kg/m3), xx, 
yy and xy are the components of the effective shear stress 
and f is the Coriolis (s-1). The manning roughness is 
estimated for each type of land cover as given in the table 
and figure bellow. 
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Fig. 7. Manning distribution map of study area  

 

Table 3. Manning’s Roughness 

Land Cover Manning’s n 
Forest 0.03 

Channel 0.025 
Coastal  0.025 
Urban 0.172 

Source : Kotani, et. al. [12], chow [13], Gibson [14] 

 
In order to ensure the stability of the model, the time 

step was estimated according to the Courant-Friedrichs-
Lewy condition :  

1
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Based on the dam failure the overtopping failure will 
be modeled. The model results will be compared with the 
past inundation from the image (orthophoto). The 
inundation orthophoto is given in Figure 3.   

Table 4. HEC-RAS Parameters 

Data Values 
Outflow 

Hydrograph 
(Upstream 
Boundary) 

From Reservoir 
Routing 

Stage 
Hydrograph 

(Downstream 
Boundary) 

0 

Digital 
Elevation Model 

(Terrain) 
30 m × 30 m 

Land Cover 
(manning’s n) Table 1 

∆t [s] 0.5 
∆x [m] 10 

Simulation 
Period (day) 1 

 

3 Result and Discussion 

3.1 Reservoir Routing  

Outflow from dam failure is simulated uses HEC-HMS. 
The overtopping failure scenario is selected refers to 
previous study [8]. Inflow Hydrograph was analyzed 
using the Synder-Alexeyev Synthetic Unit Hydrograph. 
The result of this routing process will be shown by Figure 
7. 

 

Fig. 8. Outflow hydrograph due the dam failure 

 
Figure 8 shows the outflow peak discharge due the 

dam failure by the overtopping failure is 1,268.4 m3/s. 

3.2 Flood Depth  

The relative error of overtopping failure shown in Table 
5. Table 5 shows the result that this overtopping failure 
has a small relative error compared with the inunduation 
of the orthphoto image. It can be concluded that the 
previous dam failure was caused by overtopping. Time 
requirement to execute this model is 30 minutes. 

Table 5. Flood Area 

  

Way Ela 
Village 
Urban 
Area 

Inunduation 

Orthophoto 
HEC-RAS v5 

Overtopping 
Area 
(m2) 404,945.33 147,749.38 147,132.91 

Area (%) - 36.49 36.33 
Relative 
Error 
(%) 

- - 0.42 
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Fig. 9. Flood depth map 
 

Figure 9 shows the maximum depth of flood 
inundation. In general, the depth agrees well with report 
provided by BNPB [1]. The maximum depth in the village 
area are between 3-6 m, the depth of flood in the upstream 
near the dam is 3-8 m, and in the middle of the channel, 
the depth flood inundation is quite high 3-7 m due to its 
topographic condition which is a cliff. 

3.2 Flood Arrival 

 
Fig. 10. Flood arrival time map 

 
Figure 10 shows that the arrival time of the flood caused 
by the dam failure when it reaches the village is between 
2 hours and in the downstream is between 5-5.5 hours. 

4 Conclusions 
A two-dimensional (2D) numerical model, HEC-RAS 
v.5, is used to simulate the over land flow generated by a 
dam failure. The dam failure itself is simulated using 
HECHMSv.4. The model was applied to the dam break 
case of the Way Ela natural dam.  

The results from the study are the inundation area, 
depth, and arrival time. The inundation area was verified 
using the data from orthophoto. It was found that both 
areas corresponds well with a very small relative error 
(0.42%). The inundation depth in the village there are up 
to 6 m, which agrees well with the reported depth. The 
arrival time of the flood is 2 hours. These informations are 
very important to propose a mitigation plans with respect 
to possible dam break in the future. 
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