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Figure 1: Geographical location of Balkhli Chai river in Ardabil province
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Figure 2: Irregular triangular TIN network map of the studied interval
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Table 1- Calculated discharge values with different return periods of the Balikhlichai river using Pearson type 3 distribution
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Figure 4: Floodplains of the Balikhlichai River in the first period with different return periods
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Figure 5: Floodplains of the Balikhlichai River in the second period with different return periods
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Figure 6: Floodplains of the Balikhlichai River in the third period with different return periods
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Figure 7: Floodplains of the Balikhlichai River in the fourth interval with different return periods
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Figure 8: Simulation of Balikhli Chai River floods with different return periods in HEC-RAS software
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Figure 9: Simulating the flood of Nuranchai River with a return period of two years
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Figure 10: Simulation of the flood of Balikhlichai river with a return period of 10 years
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Figure 11: Simulating the flood of Balikhlichai river with a return period of 50 years
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Figure 12: Simulation of Balikhlichai River floods with a return period of 200 years
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Figure 13: The flood zone of the Balikhlichai river with a return period of two years
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Figure 14: The flood zone of the Balikhlichai river with a return period of ten years
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Figure 15: The flood zone of the Balikhlichai river with a return period of fifty years
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Figure 16: The flood zone of the Balikhlichai river with a return period of two hundred years
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Flood Risk Zoning in Balikhlichai River with Different Return Periods Using
HEC-RAS Hydraulic Model

Mousa Abeddini **, Bahroz Nazafat 2> AmirHesam Pasban®®
123 Mohaghegh Ardabili University
Email: abedini@uma.ac.ir(corresponding autheor )
Introduction

Rivers are considered as the main source of water supply for humans and other creatures, and sometimes
this source of life causes irreparable damage and destruction. Predicting the hydraulic behavior of rivers in
front of possible floods is of special importance to reduce the damage caused to urban and rural areas,
facilities under construction, farms and other existing uses around the river (Yamani et al, 2012). For this
reason, investigation and study in the field of flood risks in order to reduce human and financial losses is
one of the most important necessities. In this way, considering the frequency of flood hazards in the
country and the huge loss of life and money that it brings to the people and the government, the need to
study this natural hazard as much as possible is felt more and more. Balikhlichai is one of the flood rivers
of Ardabil province, which can cause a lot of damage to the region in the event of a flood. For this reason,
it is necessary to analyze the floods of this river from a spatial point of view and in this way to reduce its
damages. The aim of the current research is to zonate the occurrence of floods in the Balikhlichai River
with different return periods using the HEC-RAS hydraulic model. (Ongdas et al, 2020) in a research
aimed at producing flood risk maps in Kazakhstan stated that the village of VVolgo was flooded during the
hundred-year flood event. (Aynalem et al, 2020) in a research in Moga River, they reported flood
structures for return periods of 5, 10, 25, 50, 100 years equal to 18, 21, 26, 34, 43 square kilometers,
respectively.

Methodology

materials and methods

Geological maps 1:100000, topographic maps 1:50000, 1:2000, data from synoptic and rain gauge stations
are the most basic data of the present research, which were prepared from the regional water organization
of Ardabil province.

Tools used
ArcGIS 10.3, HEC-RAS, HEC-GEO-RAS software

The existing methods for preparing zoning maps can be divided into four main groups as follows.
Observational methods and use of hot water, comparison of aerial photos of the area, manual calculation
and use of mathematical models. All the above methods need to determine the level of the flood flow and
transfer the water level figure on the topographic maps in order to prepare the flood zoning map. All these
methods basically use the same process of using the determined number of the water level in each cross-

* Physical Geography (Geomorphology), University of Mohaghegh Ardabili, Ardabil, Iran
> Ph.D. student in Geomorphology, Faculty of Social Sciences, University of Mohaghegh Ardabili, Ardabil, Iran.
® Ph.D. student in Geomorphology, Faculty of Social Sciences, University of Mohaghegh Ardabili, Ardabil, Iran.
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section (with different positions) for zoning. The main difference between these methods is how to
determine the water level profile. The use of mathematical models is very common today, and in these
methods, the flood flow is simulated with the help of mathematical models, and after calculating the flow
profile by the model, the flood zone with different return periods is transferred on the topographic maps.

HEC-RAS model

The software (HEC-RAS) or the river analysis software of the American Army Engineering Society is a
set of tools that allows the user to perform river hydraulic calculations in steady and unsteady flow
conditions. The HEC-RAS system includes three one-dimensional hydraulic analysis components to
perform water level profile calculations in steady flow mode, unsteady flow simulation and sediment
transfer calculations in the moving boundary. These three components use a common geometric data
representation and the same geometric and hydraulic calculation process (Yamani, 2012).

HEC-GEO-RAS Supplement

It is a set of tools that can be used in the GIS software environment. This add-on has created a connection
between ArcGIS software and HEC-RAS software and is especially designed in the field of spatial data
processing for use in RAS modeling and for processing RAS results in a GIS environment. Processing
terrain information and other GIS data in ArcGIS software using GEO-RAS allows the user to create and
export a geometry file for RAS analysis. To perform hydraulic calculations using the HEC-RAS model,
cross sections must first be defined, and for this, the desired layer of the TIN map is extracted in the
ArcMap software environment. After the formation of the TIN layer, various layers such as the flow
center line layer, the river side lines layer, the flow range layer and the cross section layer are drawn and
after processing by ArcMap software, it is ready to be extracted for HEC-RAS hydraulic model work. The
HEC-RAS model can perform water level profile calculations for gradual variable steady flow in rivers
and artificial channels in subcritical, supercritical and mixed flow regimes.

Results
Creation of TIN and input layers to RAS

The TIN layer is actually the basis for extracting the level lines and the required layer of RAS, and the
more accurate the height figure of the river is, the closer the resulting 3D model will be to reality. In this
research, due to the use of a 1:2000 topographic map and also the matching of existing maps on the ETM
satellite image of the region, it was found that the TIN obtained from digital maps is able to significantly
simulate the bed and floodplains around the Balikhlichai River. Basis can be a suitable reference for
conducting research and creating flood simulation layers of Balikhali Chai river. The minimum height is
1370 meters and the maximum height is 1470 meters above sea level. According to the flood zoning map
(Figure No. 13), the flood area with a 2-year return period along the Balikhlichai River is about 100
hectares. These areas mainly correspond to the bed of the Balikhlichai river, which locally cover the edge
of the river channel. The average width of the areas exposed to floods with a return period of 2 years is
about 298. the effect range of floods with a return period of 10 years along the Nuranchai river increases
by about 131 hectares. Also, the average flood width of 10-year floods reaches about 399 meters. These
floods include flood zones with a return period of 2, 3, and 5 years. The effect range of floods with a
return period of 50 years along the Balikhlichai river increases by about 145.5 hectares. Also, the average
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flood width of 50-year floods increases to about 549 meters. These floods include flood zones with a
return period of 2, 5, 10, and 20 years. The effect range of floods with a return period of 200 years along
the Balikhlichai river increases by about 153.5 hectares. Also, the average flood width of 200-year floods
reaches about 591 meters. These floods include flood zones with a return period of 2, 5, 10, 20, 50, 100
years.

Conclusion

Therefore, according to the flood simulation of Balikhlichai river using the HEC-RAS hydraulic model,
this result was obtained, which indicates a very high spatial variability of the flood risk along the
Balikhlichai river. This variability originates from the changing geomorphological conditions along the
river. The results show that floods with a return period of 2 years do not pose a serious threat to the human
communities living in the vicinity of the Balikhlichai River. These floods mainly affect the agricultural
lands along the river. With the increase of return periods, the risks of floods also increase. Floods with a
return period of 10 years will not cause much damage to property and life due to covering a smaller area
of the river and affecting residential areas, and flood zones of 50 and 200 years due to the power of the
flow and covering a very large area in addition to bed changes The river and the morphological changes
around the river, as well as the destruction and numerous human and financial losses.

Keywords :flood zoning, Balikhali Chai, return period, floodplain, HEC-RAS model.
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