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Abstract. A river is a naturally occurring flow system that flows from upstream to downstream. Rivers have 
many benefits. Similarly, rivers have a negative impact if rainfall is high. It can lead to catastrophic flooding. 
Flooding often occurs along the central roads of Padang City when it rains, especially in the Maransi and Aie 
Pacah areas. The purpose of this study is to estimate the height of water level by using software HEC – RAS 
and estimate areas that have the potential for flooding in conditions before and after river normalization by 
using the software Arc-GIS. Data collection is carried out to achieve this goal, namely the maximum daily 
rainfall data, Digital Elevation Model (DEM) data obtained from the processing of aerial photo data, and 
cross-sectional data of the river. Then, a numerical simulation is performed to estimate the height of the water 
level, and then a numerical simulation is performed to determine the extent of the flood area.  The results of 
this study are in the form of flood areas in conditions before and after river normalization with a period of 
25, 50, and 100 years that can be used to see the effectiveness of river normalization work in the river.

1 Introduction 

Batang Maransi River is a river located in West Sumatera 
Province [1], Padang City, Koto Tangah District. The land 
area of Padang City is ± 694.96 km² and has ± 23 streams 
with a total length of 155.40 km (10 major rivers and 13 
small rivers). Generally, the large and small rivers in the 
Padang city area are not much different from the sea level 
height. 
Batang Maransi River is one of the rivers that are prone to 
flooding in the rainy season. Batang Maransi River cross-
section is not able to accommodate the high rainfall of 
Padang City, so during the rainy season in the area around 
Maransi and Aie Pacah, there are often floods. One of the 
largest floods ever occurred in the area around  Batang  
Maransi,    Koto  Tangah district on   March  22,  2016, 
where nine subdistricts in Padang City were flooded with 
a rain intensity of    384 mm. Especially in West Padang 
District, precisely at  Maransi, floods entering residents' 
housing with a puddle height of  50-100 cm make 
residents required to leave their homes.  

Therefore, it is necessary to reconstruct the river in 
Batang Maransi. The normalization of the river in an 
attempt to increase the capacity of the river. River 
normalization consists of channel improvement such as 
building new channels, widening or deepening the 
channel, channel resectioning, channel realignment, bank 
protection, build dikes and dams(retarding and storage 
dam) [2]. Currently, the Batang Maransi River is ongoing 
normalization of the river to overcome the flood problem 
in the Maransi and Aie Pacah areas, Koto Tangah 
Subdistrict which is one of the flood vulnerable areas. 
Floods can be inferred as a relatively high flow that 
transcends natural or artificial embankments in the river, 
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varying magnitude by season, month to month, year to 
year [3]. The flooding problems damages might be the 
result of area cultivation and land-use changes without 
any control. In addition, it seems that increasing rainfall 
intensities in the upstream catchments of the river and a 
city are contributing to the problem of flooding as well. 
[4] Therefore, flooding in this area has become the center 
of attention of the government. 

 
Fig. 1. Long section in Batang Maransi River. 

The main objective of this study is to see the 
effectiveness of river normalization to reduce the risk of 
flooding. The specific purpose of this study is to estimate 
the height of the river face, then map and estimate the area 
of inundation of areas that have the potential flood in 
conditions before and after normalization in Batang 
Maransi River. The benefit of this study is as a reference 

 
 

ICDMM 2021
E3S Web of Conferences 331, 08003 (2021) https://doi.org/10.1051/e3sconf/202133108003

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



to manage flood problems as a reference in the policy-
making of flood management in the area around Batang 
Maransi River. 

2 Literature Review 
The research entitled Flood Analysis Using HEC-RAS 
Software with a case study of sub-watershed Cisemeut 
downstream HM 0+000 to HM 69+00 which aims to 
determine the cause of the existing flooding in the region 
based on the capacity with discharges that occur and know 
the ability of the Cisimeut downstream watershed 
segment in accommodating river flow discharge with 50-
year period. From the analysis results, hydrological 
analysis to get the discharge of flood plans 50-year period 
of 1566,439 m3/s and then conducted a hydraulic analysis 
using HEC-RAS application with a steady flow and 
unsteady flow conditions. The result is that the capacity 
of the Cisimeut river in existing conditions is not able to 
flow the flood discharge plan, so flood control efforts are 
needed. Although water discharge is reduced, there is still 
an overflow of the river at some point. Therefore, it is 
necessary to repair the cross-section of the river and the 
elevation of the embankment to increase the capacity of 
the river so that the overflow can be resolved [5] 

The research with the title Cilemer Watershed Flood 
Analysis HM 0+000 – HM 53+000 aims to identify flood-
affected areas in Pandeglang Regency at HM 00+00 to 
HM 53+00, which can then produce recommendations in 
flood management. The research supporting data was 
obtained from the Water Resources Management Center 
of Banten Province. The analysis calculated the planned 
flood discharge based on the maximum debit data for a 
moment by the Mean Annual Flood (MAF) method and 
obtained the planned flood discharge data of 210,617 
m3/s. Then, flood modeling and mapping were carried out 
by simulating the flow using the HEC-RAS application 
and conducted flood modeling carried out modeling of 
flood-affected areas by using the Arc-GIS application. 
The conclusions obtained from the results of the study 
were river flow simulation and flood mapping using HEC-
RAS and Arc-GIS applications. It was seen that 19 cross-
section segments of the river (HM 35+00 to HM 53+00) 
of Cilemer watersheds reviewed could not accommodate 
the planned flood discharge [6] 

The study, titled Flood Mapping Study with HEC-
GeoRAS with case studies on the Tondano River to create 
a 2014 flood inundation map in Manado geographic 
information system (GIS) overlay on google earth. From 
the analysis, the maximum debit data was obtained on 
January 15, 2014, and obtained maximum debit data of 
1300 m3 /s. Then, a hydraulics simulation was carried out 
using the HEC-GeoRAS application which appears in the 
form of tools in the Arc-GIS application by inputting 
maximum flood discharge data and carrying out flood 
modeling simulation with the result that the flood height 
is estimated at  0  meters to  6 meters,    including the 
height of flooding in the river and the results of 
simulations with  HEC-GeoRAS obtained flood speed is 
estimated at  0 m /s  up to    42.9 m /s. [7] 

3 Research Methodology 
Research methodology is done by identifying problems 
according to the available data.  Data collection is divided 
into two, namely primary and secondary. The primary 
data needed is cross-sectional measurement data across 
the river measured and by using water pass, channel 
roughness figure data that is reviewed based on material 
from the cross-section of the channel reviewed and aerial 
photo data of Batang Maransi River and surrounding areas 
taken using drones. While the secondary data needed are 
annual rainfall data, weir dimension data and floodgates, 
cross-sectional data of rivers obtained from Water 
Resources Management Office, West Sumatera, and 
Digital Elevation Model (DEM) data that can be obtained 
from the Geospatial Information Agency website. The 
methodology is carried out by conducting a hydrological 
analysis to obtain the value of the flood discharge plan. 
Then, hydraulic analysis is done, estimating the water 
level using software HEC-RAS. After obtaining a high 
water level value, in a numerical simulation to estimate 
the area of flood area using the software Arc-GIS. This 
Modeling data uses an approach with the D8 matrix to 
determine where the flow direction and flow 
accumulation are. [8]. The data is collected from various 
sources and it may overlap information from various data 
sources through various themes and layers [9]. Arc-GIS 
can also be used for scientific investigation, cartography, 
road planning and can also assist in planning in 
calculating responses quickly. [10] 

3.1 Description of The Study Area  

Batang Maransi is one of the rivers located in the city of 
Padang, West Sumatra, that has a role in draining the 
amount of water discharge flowing, starting from 
upstream located in Batang Lurus River and Batang 
Belimbing River, which is downstream of Batang 
Maransi. By reconstructing the river, namely dredging the 
Batang Maransi River and the construction of weir, the 
risk of flooding in the area can be minimized. 

 

 
Fig. 2. Condition of Batang Maransi River. 

4 Result and Discussion 

4.1 Hydrology Analysis 

Hydrological analysis in this study requires rainfall data 
for 20 years obtained Water Resources Management 
Office, West Sumatera. The rainfall station in need is 
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Gunung Sarik Rain Station. The daily rainfall data is 
recapitulated into maximum rainfall every month and 
carried out the calculation of the rainfall plan. Then, the 
calculation of concentration-time and intensity of rain 
with a period of 25, 50, and 100 years. So, the value of 
flood discharge plan with the rational method in the period 
of 25, 50, and 100 years can be seen in Table 1. 
 

   = 0,278 × × ×    (1) 

 

Description: 
 
 Q  =  Debit Max (m3/s) 
 C  =  Flow Coefficient  
  I   =  Rain Intensity (mm/hours) 
  A  =  Catchment Area (Km2) 

Table 1. Rational Discharge Plan Method. 

Year C 
A It Qt 

Km2 mm/jam m3/s 

10 0,175 17,18 70,038 58,637 

25 0,175 17,18 87,862 73,559 

50 0,175 17,18 102,198 85,562 

100 0,175 17,18 117,387 98,277 
 

In this study, assuming the discharge that goes into the 
side drain amounting to 20% of the flood discharge plan, 
so that the calculation of flood discharge plan period of 25 
years, 50 years and 100 years after there is a discharge that 
goes into the side drain can be seen in Table 2. 

Table 2. Discharge plan after side drain. 

Year 
Qt Q 

m3/s m3/s 
10 58,637 70,364 
25 73,559 88,271 
50 85,562 102,674 
100 98,277 117,933 

4.2 Hydraulic Analysis 

The hydraulic analysis is performed by estimating the 
water level with software HEC-RAS with steady flow 
conditions. The results of the simulation of steady flow 
conditions before river normalization conditions showed 
that there were more flood points than after river 
normalization conditions. 

The picture above shows the simulation results of 
HEC-RAS in conditions before river normalization, Q10 
there are 39 points of runoff, that is Sta 0+200 to Sta 
1+150, in Q25 there are 39 points of runoff, that is from 
Sta 0+200 to Sta. Sta 1+150, in Q50 there are 39 points of 
runoff, that is from Sta 0+200 to Sta 1+150, in Q100 there 
are 41 points of runoff, that is from Sta 0+150 to Sta 
1+150. 

 

 

 
Fig. 2. Water level profile in before river normalization 
conditions in Batang Maransi River. 

 

.  
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Fig. 3. Water level profile in after river normalization 
conditions in Batang Maransi River. 

In the picture above, it is obtained that the simulation 
result of HEC-RAS in after river normalization 
conditions, the points of runoff is only found in Q100, 
namely at Sta 1+100 to Sta 1+150. There is a graph 
describing the comparison of water level elevation in 
conditions before and after river normalization in Fig 4. 

 
Fig. 4. Water level elevation comparison graph before and after 
river normalization in Batang Maransi River. 

4.3 Flood Modeling Area  

Based on the results of hydraulic analysis data obtained, 
namely the water level in Batang Maransi River, can be 
displayed modeling from the simulation of flood Batang 
Maransi River by using software Arc-GIS 10.4 version 
that can be seen in conditions before and after river 
normalization. 

4.3.1 Before normalization 

From the results of the flood, simulation obtained the area 
of flood area is 129.40 Ha for a 25-year return period, 
138.38 Ha for a 50-year return period, 147.61 Ha for a 
100-year return period. Simulation modeling results can 
be seen in Fig 4 for a 25-year return period, Fig 5 for a 50-
year return period, Fig 6 for a 100-year return period. 
 

 
Fig. 5. Flood modeling results of conditions before river 
normalization with 25 years period in Batang Maransi River. 
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Fig. 6. Flood modeling results of conditions before river 
normalization with 50 years period in Batang Maransi River. 

 
Fig. 7. Flood modeling results of conditions before river 
normalization with 100 years period in Batang Maransi River. 

4.3.2 After river normalization  

From the results of a flood, simulation obtained the area 
of flood area is 64.51 Ha for a 25-year return period, 71.73 
Ha for a 50-year return period, 79.38 Ha for a 100-year 
return period. Simulation modeling results can be seen in 
Fig 7 for 25-year, Fig 8 for a 50-year return period, Fig 9 
for a 100-year return period. 

 
Fig. 8. Flood modeling results of conditions after river 
normalization with 25 years period in Batang Maransi River. 

 
Fig. 9. Flood modeling results of conditions after river 
normalization with 50 years period in Batang Maransi River. 

 
Fig. 10. Flood modelling results of conditions after river 
normalization with a 100 years period in Batang Maransi in 
Batang Maransi in Batang Maransi River. 

Technically, Batang Maransi River flood control is 
expected to be able to manage peak discharge, their 
riverbeds can be used as a water reservoir, and the river 
environment is functional.[11] 

5 Conclusion 
From the research that has been done, can be concluded 
as follows: 

 
1. In hydrology analysis, the debit value of the plan is 

used rational method. The results obtained by rational 
method are Q10 =58,637 m3/s, Q25 = 73,559 m3/s, 
Q50 = 85,562 m3/s, Q100 = 98,277 m3/s and  assumed 
discharge that goes to the side drain of 20% of the river 
discharge, so that the discharge flood plan after taking 
into account the discharge that goes into the side drain  
is Q10 = 46,909 m3/s, Q25 = 58,847 m3/s, Q50 = 
68,849 m3/s, Q100 = 78,622 m3/s. 

2. In hydraulic analysis, the simulation results using 
software HEC-RAS in steady flow conditions showed 
the flood point that occurred in the before river 
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normalization condition more than after river 
normalization condition. 

3. Before river normalization, in Q10 there were 39 flood 
points, namely from Sta 0+200 to Sta 1+150, in Q25 
there are 39 flood points, namely from Sta 0+200 to 
Sta 1+150, in Q50 there are 39 flood points that are 
from Sta 0+200 to Sta 1+150, in Q100 there are 41 
flood points that are from Sta 0+150 to Sta 1+150. In 
the condition after river normalization, the point of 
flooding only occurs in Q100, 3 flood points are at Sta 
1+100 to Sta 1+150. 

4. From several periods using the software Arc-GIS 
version, the area of flooding before river 
normalization is greater than after the river 
normalization of Batang Maransi River because it has 
been done river normalization. 

5. The results were done by simulation using software 
Arc-GIS version along 1,150 km, obtained calculation 
of flood area that is before river normalization Q10 = 
118.41 Ha, Q25 = 129.40 Ha, Q50 = 138.38 Ha, Q100 
= 147.61 Ha and after river normalization Q10 = 54.71 
Ha, Q25 = 64.51 Ha, Q50 = 71.73 Ha, Q100 = 79.38 
Ha. 

6. DEM data from Geospatial Information Agency can 
only be used for steep areas, whereas for relatively flat 
areas should be helped with DEM data from areal 
photos of drones. 

7. From this research can be concluded that the river 
normalization on the Batang Maransi River proved to 
be effective. 

 
This research/article’s publication in supported by Department 
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