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Abstract: The construction of dams can offer many advantages, 
but their failure could result in major damages, including loss of 
life and property destruction. The research aims to model dam 
failure for Mapping Hazard area including inundation height and 
arrival time. A key scenario for dam failure is partial breach of 
embankment dam: overtopping and piping. The overtopping 
shape modeling was simulated in triangle and trapezoidal shapes. 
The piping failure modeling is simulated as orifice with 
rectangular shape. This study was conducted by using the 
integration of hydraulic modeling, which used a numerical 
method with Navier-Stoke solver and Geographic Information 
System (GIS) to assess the risks that could be cause by any 
damages on Dam failure. Flow simulation of the dam break was 
performed by using ZhongXing HY-21 software and the results 
were mapped by using the GIS.  The result of the research is 
overtopping failure was selected for the model with peak discharge 
maximum (Qmax) is 2089 m3/sec.  The fastest arrival time is 0.4 
hours (24 minutes). Several villages catagorized as a high-risk 
area. This inundation hazard map is very important for emergency 
plan which determines the evacuation routes and coordination 
scheme with local disaster agency. 

Keywords: dam, failure, inundation, hazard, emergency.  

I. INTRODUCTION 

Most dams are heavy structures that may lead to failure, 
posing risks to human life [1], property, and the environment. 
Therefore, in accordance with Indonesian regulations [2] and 
the regulations of the International Committee on Large 
Dams (ICOLD) [3], dam safety requires that an Emergency 
Action Plan (EAP) is in place for each dam and every 5 years, 
licensees must be update and refile the plans [4]. The purpose 
of EAP is to minimize the risk of life and property at 
downstream area due to dam failure. The focus of an EAP is 
disaster management based on Flood Inundation Mapping 
(FIM). Identifying the flood risk zones are the primary steps 
for formulating flood management strategy [5] including 
depth and time travel, hazards map preparation, evacuation 
route, early warning system, and disaster response.  
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According to ICOLD standard, the hazard classification is 
based on the potential damage at downstream areas including 
human and infrastructure risk [6]. A survey in the inundation 
area should determine the potential damage [7,8].  By using 
the depth of inundation, the evacuation requirement can be 
determined to reduce the hazard [9]. The study of dam failure 
is important for stakeholders to minimize flood hazards 
including how to communicate the people to do during and 
after disaster [10,11,12]. 

II.  LITERATURE REVIEW 

 
Hydraulic Engineering Center-River Analysis System 
(HEC-RAS) software is widely used for dam break analysis 
model [13]. Honghai Qi et al. [14] developed a realistic 
two-dimensional flood simulation using HEC-RAS for 
classified layers using GIS including zoning layer. The test 
result was validated by using HEC-FDA software. 
Salajeghah et al. [15] studied the Polasjan river basin in Iran 
for floodplain analysis using HEC-RAS and GIS. The output 
model was developed by integrating both HEC-RAS and 
ArcGIS software. This methodology has many advantages 
such as being user-friendly because it can update the 
floodplain maps when hydrological and hydraulics 
conditions change.   Zope et al. [16] studied the Oshiwara 
River in Mumbai, India using HEC-HMS 
hydrological-GeoHMS GIS Module to investigate the impact 
of land use change on urban flooding. The result is that the 
model can be used for flood mitigation and evacuation 
management. The outcome of Emergency Action Plan (EAP) 
in agriculture area surround Sathanur Dam, India were 
utilized to identify the economic loss faced by the farmers 
who live in a highly affected village [17]. The flood 
inundation map was developed using HEC-GeoRAS.  

III. RESEARCH DESIGN 

A. Methodology 

The methodology used in this research follows the flow as 
seen in Figure 1. Both ArcGIS and Navier-Stoke solver using 
ZHONG XING HY-21 flood simulation model [18] were 
used in this research project (see Fig.1). The first step is to 
acquire data by preprocessing of special data using Digital 
Elevation Model (DEM) for dam break simulation using 
Zhong Xing HY21 and preparation of layer using ArcGIS. 
The next stage is integrated between the result from dam 
break simulation and layer data using ArcGIS for identified 
flooded area.  
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Figure 1. Flood modeling methodology [17] 

 

B. Dam Break Assumption 

 The assumption of sudden dam failure is usually made in 
dam breach modeling. The breaching could break the dam 
suddenly [19, 20]. But another research study [21] found that 
the cause of the dam failure was partial breach and can occur 
suddenly.   

The breach assumption is the basis of mathematical 
modeling for dam failure [22, 23]. For concrete arch dam, the 
assumption is total breach, and for the embankment dam is 
partial breach. The models of partial failure for Malahayu 
dam were overtopping and piping. 

The modeling that caused overtopping was simulated in 
triangle and trapezoidal shapes (see Fig. 2).  

 
Figure 2. Overtopping 

 
The parameter Z is slope (1: Z) and b is length. The range of z 
is 0 < Z < 2.  
The equation is: 
 

                                                                 [1]                                                          
Where:  
b     = length  
z     = slope  
hd  = elevation  
 
The piping failure modeling is simulated as orifice. The 
shaped is rectangular (see Fig. 3).  
 

 
Figure 3. Piping 

 
The equations to solve the failure model were the 

mass conservation and momentum flow in two-dimensional 
(2D) governing equation of shallow water or 2D Shallow 
Wave Equation from the Navier-Stokes 3D equations [24]. 
These equations could describe the flow of incompressible 
fluids are the fundamental partial differentials equations. By 
using the rate of stress and rate of strain tensors, it can be 
shown that the components of a viscous force (F).  

The Navier-Stokes equations was entered the 
continuity equation of fluid flow, the equation became four 
equations in four unknowns (namely the scalar and vector u). 
The Navier-Stokes equation consisted of mass conservation, 
momentum, and energy and mass conservation was included 
the continuity equation. The continuity equation was:  

 

 

[2] 

Or 
 

 
 
The momentum equation in x direction: 
 

 
 

 
 
 

[3] 
 
 

 
 
 
[4] 

Where:  

   ;     ;        

     ;       

 
The conservation equation is:  
 

 

[5] 

 
Where:  

 ;            ;     

Data acquisition

Preprocessing of spatial 
data using DEM

Preparation of layer using 
ArcGIS

Dam break simulation 
using Zhong Xing HY-21

Post processing using 
Zhong Xing HY-21-ArcGIS

Overlaying inundation 
maps on layer

Identifying flooded areas 
based on the hazard zone
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    ;                    

 

 

C. Hydraulic Structure Parameter 

Hydraulic structure parameter for the modeling of dam 
failure was flooded design and inflow hydrograph for 
calculating reservoir routing. Synder method was used to find 
the flood design for 25 years, 100 years, and 1000 years, PMF 
and inflow hydrograph could be calculated. Based on the 
hydrologic analysis, the peak discharge is Probability 
Maximum Flood (PMF) for using data by using data for 
calculated reservoir routing (shown in Fig.4).    
The equation for calculating reservoir routing is in equation 
6.   
 

 

 

 
Where:  
S1 = Storage capacity t1 
S2 = Storage capacity t2 
I1 = spillway inflow t1 
I2 = spillway inflow t2 
O1 = spillway outflow t1 

O2 = spillway outflow t2 

 
Reservoir routing Eq.7 can be developed as follows: 
 

 

 

 

 

 

 

 

 

 
Figure 4. Reservoir flood routing with synder method 

 
Where:  
  = inflow (m3/sec) 

 = outflow (m3/sec) 

D. Dam Area 

   Malahayu Dam is located in Malahayu Village 
(108o49’10” EL and 7o 01’45” SL), Brebes, Central Java, 
Indonesia (shown in Fig.5). Malahayu Dam is one of the 
oldest infrastructures in Indonesia. This dam is mainly used 
for irrigation and flood control.  Currently, the dam is 
managed by the Central River Region of 
Cimanuk-Cisanggarung.  
 

 
Figure 5. Malahayu dam location 

 
The Malahayu Dam was constructed in 1934-1937. The 
Malahayu dam is a type of homogenous earth dam, built for 
irrigation purposes. The downstream side consists of 
residential areas and the inhabitants are mostly farmers. The 
height of Malahayu dam is 31.35 m, the length is 176 m, and 
the effective storage is 35.080 million m3. The elevation of 
crest dam is El.+59.25 sl.  Type of spillway is over-flow ogee 
and the capacity is 33.72 m2/sec (Fig.6).  
 

 
(a) 

 
(b) 

 
(c) 

Figure 6. Malahayu dam (a) cross section ; (b) intake; (c) 
outlet. Sourse:[9] 
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E. Storage Capacity and Hydraulic Capacity 

      Bathymetry and tachymetry surveys assist in calculating 
the storage capacity. Thus, based on the topographic map, the 
storage capacity could be calculated (Fig. 7). 

 

 
(a) 

 

 
(b) 

Figure 7. Capacity storage (a) topographic map;  
(b) capacity curve 

 
The type modeling of failure dam is overtopping and piping. 
Overtopping is   based on the calculation of flood routing 
spillway at Probability Maximum Flood (PMF) condition and 
this is a region vulnerable to earthquakes. Piping is the 
maximum storages capacity and Probability Maximum 
Flood. 

IV. RESULT AND DISCUSSION 

The most interesting findings were to predict flooding due 
to Malahayu dam failure to make emergency guidelines in 
reducing the loss of life from dam failure, in which at the time 
of modeling there were two approaches that needed to be 
conducted, which were: 

1. Modeling assumptions of dam failure 
2. Inundation probability map 
3. The conditions of inundation 
4. The estimation of impact on the number of victims 

and infrastructure 
The result from the three aforementioned items will be used 

as the guidelines for the planning of disaster mitigation or 
more commonly known as EAP. This document aims to 
minimize the impacts of dam failure that could affect the 
property or even the community. Figure 8 shows the dam 
modelling failure using the piping failure scenario. It could 
be seen that the movement of the stream was from the 
upstream to the downstream side of the  

dam. In such condition, the time needed from the occurrence 
of dam failure (T = 0) to inundate the affected area was 16.17 
hours. 

Hydrograph illustration of the proposed dam in the event of 
dam failure is shown in Fig. 9. In this graph, specifically P 3, 
it could be seen that to reach the depths of 7 meters, it needs 
around 1.6 hours and to reach the heights above 1.5 m it 
needs 42 minutes. The peak discharge maximum (Q) value 
for the piping scenario of approximately 1463 m3/sec, a time 
to peak of 1812 sec or 0.5 hours and a total duration of a 
significant outflow of about 137904 sec or 38 hours. 

Figure 10 shows the dam failure model using the 
overtopping scenario. The peak discharge maximum (Q) 
value for the overtopping scenario of approximately 2089 
m3/sec, a time to peak of 3018 sec or 8.3 hours and a total 
duration of a significant outflow of about 137904 sec or 36 
hours. It illustrates the movement of the stream from 
upstream to downstream that has more time compared to the 
piping scenario. 

The comparation of two condition of dam failure, it was 
found that the flood discharge due to overtopping failure was 
higher than piping failure, but time arrival for piping failure is 
faster than overtopping. 

Therefore, Overtopping failure was selected for inundation 
map for the EAP (Fig.12). It was observed that several 
villages such as Malahayu, Maibah, Nangerang, Nambo were 
located within 7.8 km from the Malahayu dam, categorized as 
a high-risk area, with time arrival of flood ranges from 0.4 to 
1.4 hours after the dam break (Table 1). Table 1 shows the 
affected area and the depth of inundation. Based on the 
Hazard Classification of Public Work and Housing 
Guidelines [25], Malahayu Dam is classified to be a very 
hazardous infrastructure because the population at risk is 
more than 1000 inhabitants. 

 

 
b. 3.5 hours 

 

 
c. 5.7 hours 

 
c. 11.44 hours 

 
d. 16.17 hours 

 
Figure 8. Flooded area due to piping failure 
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Figure 9. Hydrograph due to piping failure  
 

 
a. 10.7 hours 
 

 
b. 12.9 hours 

 
b. 17.4 hours 
 

 
d. 21.1 hours 

Figure 10. Flooded area due to overtopping failure 
 

 
 

Figure 11. Hydrograph due to overtopping failure 
 

 
 

Table 1. Inundation Area due to overtopping 
 

Village 

Inundation 

Distance 
from 

dam (km) 
Class 

 
 

Depth 
(m) 

 

Arrival 
Time 
(h) 

Malahayu 1,4 H 0,9 0,4 
Maibah 2,7 H 3,3 0,7 
Nangerang 5,8 H 8,8 1,1 
Nangerang 5,9 H 4,3 1,2 
Nambo 7,8 H 9,2 1,4 
Buara 10,2 H 6,4 1,9 
Banjarharjo 12,3 H 5,6 2,3 
Baros 15,4 H 2,0 2,7 
Sindangjaya 17,7 H 2,6 3,0 
Pende 18,8 M 0,8 3,3 
Jagapura 22,3 M 0,8 4,0 
Limbangan 25,2 M 0,9 5,3 
Tegongan 26,9 L 0,02 6,5 

 
Note:  
 H: High      M: moderate    L: Low 

 

 
Depth: Red: > 2m, Green: 0.5m – 2m, Blue: < 0.5m   
 

Figure 12. Inundation map 
 
This result can be used by potential risk and local 

emergency preparedness agency in formulating emergency 
plan activities including evacuation procedures.   
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Emergency plan activities are divided into five phases, 
which are planning, mitigation, preparedness, response, and 
recovery. All phases depend on data from stakeholders. It is 
critical to have the right data to respond to and take 
appropriate actions specialty in actual event. Emergency 
personal in charge often requires detailed information to 
protect human life, property, and environment. Most of data 
requirements are spatial and located on a map. By utilizing a 
GIS, all stakeholders can share information through a 
database consisting of computer-generated maps at one 
location. Without this capability, emergency workers must 
contact many department managers, assess their unique 
maps, and their unique data. During most emergency 
situations there is not enough time to gather these resources. 
Thus, emergency in charge must estimate and make decisions 
without adequate information. This condition costs time, 
money, and in some cases, lives.  

V. CONCLUSION 

This paper presents an approach to predict inundation 
hazards areas at downstream sides due to dam failure by 
combining Navier Stokes in ZhongXing HY-21 and ArcGIS 
into a hydraulic model. The dam failure model is 
overtopping. This model was selected for inundation map 
which is can be used by local emergency preparedness 
agency and the community at risk in formulating emergency 
management activities including evacuation.  The 
overtopping failure was selected for the model with peak 
discharge maximum (Qmax) is 2089 m3/sec.  The fastest 
arrival time is 0.4 hours (24 minutes). Several villages 
catagorized as a high-risk area. GIS possesses the potential to 
reduce time and employ resources required for developing 
the analysis, mapping the results, and measuring flood depth 
including developing an emergency system because all 
stakeholders can share information through a database 
consisting of computer-generated maps at one location. 

REFERENCES 

1. Wang C., Zhang S., Tan Y., Pan F., Yan L. (2017). Life Loss Estimation 
Based on Dam-Break Flood Uncertainties nd Lack of Information in 
Mountainous Regions of Western China. Htrans. Tianjin Univ. 23. 
370-379 

2. Juliastuti et.al (2016). Implementation Completion Report of Dam 
Operational and Improvement Safety Project. Jakarta: Directorate 
General of Water Resources. 

3.  Committee on Small Dams. (2011). Design, Surveillance and 
Rehabilitation. GIGB ICOLD. 

4. Gulgec, N. S., Ergan, S., Akinci, B., &  Kelly, C. J. (2016). I Integrated 
Information Repository for Risk Assessment of Embankment Dams: 
Requirements Identification for Evaluating the Risk of Internal Erosion. 
Journal of Computing in Civil Engineering, 30(3), [04015038]. DOI: 
10.1061/(ASCE)CP.1943-5487.0000509.   

5. Sahoo, N.S, Sreeja, P. (2015). Development of Flood Inundation Maps 
and Quantification of Flood Risk in an Urban Catchment of 
Brahmaputra River. ASCE-ASME Journal and Uncertainty in 
Engineering System, Part A: Civil Engineering. A 
4015001.10.1061/AJRUA6.0000822 

6. Silva, M. S., Frangopol, D. M., Padgett, J., & Soliman, M. (2016). 
Maintenance and Operation of Infrastructure Systems: Review. ASCE 
Journal of Structural Engineering, DOI: 
10.1061/(ASCE)ST.1943-541X.0001543, F4016004  

7. Okasha, N. M. (2010). Novel Approach for Multicriteria Optimization 
of Life-Cycle Preventive and Essential Maintenance of Deteriorating 
Structures. Journal Of Structural Engineering, 138(8), 1099-1022. 

8. Professional Assosiation of Civil Engineers. (2013). Risk Analysis 
Applied to Management of Dam Safety. Spain: Spanish National 
Commitee on Large Dam. 

9. Juliastuti et.al  (2014). Dams of Indonesia, A Journey toward National 
Water Security. Jakarta: Directorate General of Water Resources. 

10.  You L., Li C., Min X., Xiaolei T. (2012). Review of Dam-break 
Research of Earth-rock Dam Combining with Dam Safety Management. 
Procedia Engineering. 28, 383-388 

11. Amoako E. D., Scholz M., Kalimeris N., Yang Q., Shao J. (2012). 
Predicting dam failure risk for sustainable flood retention basins: a 
generic case study for the wider greater Manchestr area. 
Computers,Environment and Urban System. 36, 423-433 

12. Juliastuti, Ardiyan, Wulandari S., Purbasari M, Kuntjara H. (2019). 
Effective Communication using Visual to Communicate Emergency 
Action Plan based on Dam Failure. Proceeding of 1st Workshop on 
Environmental Science, Society and Technology, 1, 10-16  

13. Kilania S., Chahar B. R. (2019). A Dam Break Analysis Using 
HEC-RAS. Hworld Environmental and Water Resources Congress. 
382-389 

14. Qi, H., & Altinakar, M. (2012). GIS-Based Decision Support System for 
Dam Break Flood Management under Uncertainty with 
Two-Dimensional Numerical Simulations. Journal of Water Resources 
Planning and Management, 138(4), 334-341. 

15.   Salajeghah, A. B., Bakhshaeib M., Chavoshic, S., Keshtkara, A.R., & 
Hajivar, M. N. (2009). Floodplain mapping using HEC-RAS and GIS in 
semi-arid regions of Iran. DESERT, 83-93. 

16. Zope, P. E., Eldho, T.I., &  Jothiprakash V. (2016). Impacts of land 
use-land cover change and urbanization on flooding: A case study of 
Oshiwara river basin in Mumbai, India. Catena, 145, 142-154. 

17. Laksmi, V. A., Ambujam, N.K., & Balamurugan R. (2017). Emergency 
Action Plan (EAP) For Sathahur Dam. International Journal of Latest 
Research in Science and Technology, 6, 1, 46-51. 

18. Juliastuti., Setyandito O. (2017). Dam Break Analysis and Flood 
Inundation Map of Krisak Dam for Emergency Action Plan (EAP). 
IProceedings of the 3rd International Conference on Construction and 
Builing Engineering (ICONBUILD), AIP Conference Proceedings 
1903, 100005-1–100005-9 

19. Orgaz. O. C., Chanson H. (2017). Ritter’s Dry-bed Dam-break Flows: 
Positive and Negative Wave Dynamics. Environmental Fluid 
Mechanics. 17, 665-694. 

20. Dressler. R. F. (2017). Comparison of Theories and Experiments for The 
Hydraulic Dam-Break Wave. National Bureau of Standards, 
Washington, D. C., U.S.A. 319-328 

21. US Army Corps of Engineers (2018). Hydrologic Engineering 
Requirments for Reservoirs. EM 1110-2-1420 

22. Deng X., Liu H., Lu S (2018). Ritter’s Dry-bed Dam-break Flows: 
Positive and Negative Wave Dynamics. Journal of Hydraulic 
Engineering. 144(5), 1-7. 

23. Lemperiere. F (2017).  Dams and Floods. Journal of Engineering. 3, 
144-149 

24. Biscarini C., Francesco S.D., Manciola P. (2010). CFD Modelling 
approach for dam break flow studies. Hydrology and Earth System 
Sciences. 14, 705-718 

25. Balai Bendungan (2011), Pedoman Teknis Klasifikasi Bahaya 
Bendungan, Jakarta: Directorate General of Water Resources. 

AUTHORS PROFILE 

 
Juliastuti is a Candidate Doctor at Tarumanagara 

University and a lecturer at Civil Engineering Department, 
Bina Nusantara University in Jakarta, Indonesia. She 
completed his undergraduate study at the Parahyangan 
Catholic University (1992), Master Program in Water 
Resources at the University of Indonesia (2004) and 

continued his doctor's program with a focus on Water Resources 
Management.  

 
Sofia Alisjahbana is a Professor at Civil Engineering 

Department, Bakrie University in Jakarta, Indonesia. She 
completed his undergraduate study at the Bandung 
Institute of Technology (1986), master program in 
Engineering Mechanics at University of 
Wisconsin-Madison, USA (1986), and completed a 

doctoral program at University of Wisconsin-Madison.  
 
 
 
 
 
 
 
 



International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249 – 8958, Volume-9 Issue-1, October 2019 

255 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A1132109119/2019©BEIESP 
DOI: 10.35940/ijeat.A1132.109119 

 
 

 

 

Dadang Ma’soem is a lecture at Civil Engineering 
Department, Trisakti University in Jakarta, Indonesia and 
also a rector of Ma’soem University, Bandung, Indonesia. 
He completed his undergraduate study at the Bandung 
Institute of Technology (1984), master program in Civil 
Engineering at Purdue University, USA (1990), and 

completed a doctoral program at Purdue University (1997). 
 

Oki Setyandito is a lecture at Civil Engineering 
department, Bina Nusantara University. Jakarta, 
Indonesia He completed her undergraduate, master and 
doctorate degree at Gadjah Mada University (1998), Delft 
the Netherland (1999).  and Gadjah Mada University, 
Indonesia (2012).   
 

Made Suangga is a lecturer at Civil Engineering 
Department, Bina Nusantara University in Jakarta, 
Indonesia. He completed his undergraduate study at the 
Bandung Institute of Technology (1992), Master Program 
in Highway Engineering and System at the Bandung 

Institute of Technology (1995), and completed a doctoral 
program at Yokohama National University focusing on Wind and Bridge 
(2000)  
 

 


