Bulletin of Environment, Pharmacology and Life Sciences
Bull. Env. Pharmacol. Life Sci., Vol 5 [1] December 2015: 46-56
©2015 Academy for Environment and Life Sciences, India
Online ISSN 2277-1808

Journal’s URL:http://www.bepls.com

CODEN: BEPLAD

Global Impact Factor 0.533

Universal Impact Factor 0.9804

ORIGINAL ARTICLE OPEN ACCESS

Flood Zoning; the appropriate solution to reduce the
Environmental crisis using HEC-RAS model

Saeed Judi Sani!, Edris Merufinia2*
1Department of Civil Engineering, Mahabad Branch, Islamic Azad University, Mahabad, Iran
2* Young Researchers and Elite Club, Mahabad Branch, Islamic Azad University, Mahabad, Iran
*Corresponding Author: edris.marufynia@yahoo.com

ABSTRACT

The frequency of flood in recent decades causes that most parts of the country be exposed to destructive floods invasion
and financial and life losses significantly be increased. Increase in population along with the lack of planning to exploit
the land, destruction of forests and grasslands and also, development of impervious surfaces caused less water
infiltration into the ground in water basins and flow faster to the downstream side. As a result, floods are more frequent,
severe and sudden and inflict more damages. In this paper, a part of Barde Sur River in Urmia was selected and
considering the importance of the above region, flood basins study and flood zoning in this area was selected as the
necessity and objective of this study. In this study, flood capability of Barde Sur River basin in Urmia was evaluated using
the techniques of GIS and HEC-HMS hydrologic model. Then, a reach of Barde Sur River in Urmia was hydraulically
studied using the HEC-RAS hydraulic model and hydrographic maps were obtained for 2, 5, 10, 25, 50, 100 return periods
that can be used in zoning Barde Sur Rive in term of structural construction.
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INTRODUCTION

Although the human being is not capable of living without water but water can be the threatening factor
of health and welfare of humans and even geographical areas as well. Near the great rivers there is always
enough water for municipal, industrial and irrigation. Hence, a high proportion of advances in the
developed urban centers, agriculture and industry are located along the rivers. Against the
aforementioned benefits, massive flooding in the river is considered a threat to the facility located in its
neighborhood [1]. One of the main issues raised during the watershed operation is to prioritize erosion
control and reduce flooding measures in the sub-basins of a basin [2].

Shushtari et al. [3] simulated the flow in Kor and the Seyvan Rivers in using HEC - HMS the model. In this
model methods were predicted to calculate the precipitation losses, runoff and basic discharge and flood
routing. Jalalirad et al. [4], flood mapping using HEC - RAS software and Geographic System Information
in watershed basin in Darabad city of Fars province. Abghari et al. [5] provided the application of
hydraulic and GIS model in the optimal management of the flood plain. In this study they mapped the
flood risk using various return periods. Randel et al. [6] in the United States Bureau of Land Development
used the HEC - RAS mathematical model to simulate the hydraulic parameters such as water height,
average flow rate and the water fluctuation in the Teton River in the Teton Dam upstream in the Idaho for
four various intervals. Neshat and Sedghi [7] estimated the runoff using the SCS method and HEC - HMS
model in the Gulalai drainage basin. In this study the results of estimating the rainfall conversion to the
surplus rainfall under the title of CN as analyzed using two different methods. Radmanesh et al.[8]
analyzed the calibration and the evaluation of model HEC - HMS in the Dez River watershed basin The
results indicate a good fit of the observed hydrograph peak and simulated hydrographs. Time difference
in reaching the peak of the hydrograph in all cases, was equal or less than an hour. Mohammadi et al. [9]
in his study titled “Estimating average weekly Kor River discharge using the artificial neural network and
HEC - HMS model” predicted the average discharge rate in Kor River- Fars Province. The results of this
study determine the higher performance and facility of the artificial networks compared to the HEC -
HMS model in predicting the weekly Kor River flood. Ashouri et al. [10] evaluated the effects of the urban
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development on the increased runoff in the watershed basin of Darabad using the HEC - HMS model. Then
the rainfall-runoff events in the watershed before and after the urban development was simulated using
the HEC - GEOHMS and HEC - HMS model and the flood peak discharge values obtained in different
return periods. Kathol et al. [11] used the HEC - HMS model to determine the highest discharge in runoff
volume in two agriculture basins in the South East State Dakota South. In order to estimate the losses in
these basins they used SCS method and in order to determine the hydrograph they used the SCS Unit
Hydrograph.

MATERIALS AND THE METHODS

ShaharChay River is one of the major independent rivers of the Urmia plain located in the south and south
west of the city of Urmia. The River is known as the Barde Sur in the upstream and the Kakre, Kouse Lou
and Mirabad rivers pour into it and it is fed by the precipitations received from the West to the East.
ShaharChay River is located in the category of medium-sized rivers with the catchment area located in the
central part of central Silvana which is also known as the Urmia River. The area under study is 575.59
square-kilometers located in the city of Urmia. It is in 470,000 to 520,000 E and 4,128,000 to 4,160,000N.
The residential areas under study include Urmia, Noushinshahr, Silvane and Serve. The Lowest height of
the area is 1267 m and the maximum catchment area is 3507 m above sea level. The study area
circumference is equal to 47/156 km. The geographical map of the catchments under study is presented
below. The range is located outside Urmia city and within the Urmia plain before reaching Lake Urmia.
This range is about 100m below the Keshtiban Dam in coordinates 518, 274 and 4,156,881 and has a
length of 1200 meters. Within this range the river passes through the Haspestan, Poshtgol and Darghalu
villages.
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Figure 1. Location of the city of Urmia and study area

Table 1. Physical characteristics of the studied basins in the study area Shahre Chai
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In this paper first we obtained the topographic map of the area with 1: 50000 scales from the mapping
organization of the country and then using the map the contour lines were drowned and the required
revisions were made visually. Also the waterways and network of streams of the basins were formed and
the GIS model was completed. The software can conduct physical calculations of the basin and the
required parameters after the completion of the basin model. This is easily done on GIS. The following

figure presents the basin model in the GIS software.
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In this paper the elevation of the studied area was performed using the topographic map of the area with
1: 50000 scale and Arc GIS software. As it can be seen the largest catchment area of ShaharChay is within

1269-1533 and 1533-1839 range.

Figure 3. Elevation map of the studied area

To obtain every single slope of the waterways the drainage basin slope maps of the area produced by Arc
GIS software are used. The upstream waterway have higher slope than the rest of areas indicating the
mountainous basins in the area. From the maps of the slope it can be inferred that that the highest area is

within the class of 0.02-8% slope.
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Figure 4. Map of the slope in the study area
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In this study to estimate the intensity curve - time - frequency curves the prepared for the Western
Azerbaijan province is used. This equation is calibrated based on the one-hour rainfall with 10 year
return period that has 10-19 variables. This value varies 10.75-19 in Western Azerbaijan province. The
Hesari-Movahed Danesh equation for the acceptable ranges is as follows:

Pi=[0.4548 + 0.2387 = Ln(T — 0.19)][—0.7685 + 0.847t18°°|p;¥ (6))
2=T = 100yr . 15=1t=120min

P:=[0.5806 + 0.1888 = Ln(T — 0.79)][0.3594 + 0.0934¢%47>7]p£) )
2<T<100yr ,  15<t<120min

DISCUSSION AND CONCLUSIONS

HEC-HMS software is used to estimate the discharge for the return periods of 2, 5, 10, 25, 50 and 100
years.

Table 2. Estimation of maximum instantaneous flow of Barde Sur basin

T return period Maximum instantaneous flow (CMS)
2 59.2
5 113.5
10 175
25 225.6
50 277.8
100 331.5

Considering that the maximum instantaneous flow was estimated using HEC-HMS software for the
mentioned basin, thus, flood hydrograph for different frequency can be achieved by having the unit

hydrograph. For this purpose, it is necessary to multiply the dimensions of the unit hydrograph in the
designed discharge rate on the maximum flow rate of the unit hydrograph.
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Figure 6. Flood hydrograph for a 5-year return period obtained from HEC-HMS softwar

BEPLS Vol 5 [1] December 2015 50|Page ©2015 AELS, INDIA



Sani and Merufinia

Aponants  Farsmesee Compute Reiili Tack bl

Dﬁfn;iwl 4 N de e G A SO | K OB e T
Ay o = T . v y =
s 47 ~annt ~ . -
e - JunChon ElBment 10" Resuts for Fun “Run 4
e e Lot

a =
2
F §

arts Ehtutee <nr“|m'e Fesioms

Tuols e
Lol e Wl O A T L 53 @ bk M0 <D
|
200
| Zomrrerts | cmr-..;.' el
BT
R g
et Rasreer 310
Demereion ® || & 00
amretsaten: | o -
i
L
a0 12:00 [ 1300 o000 1200 om00
Ollaramon | ERaeoon |
Lemptrt
Frin P € Shmarn 10 Fora Duiva: i £ Dimare 0 R Dt S P & Dwmare 98 Pasik (hasam
| [FOTE S174% Tl skt action: rbia Fer sbmen 5
re

Fila  Eore Vi T P )

G e B A T G| D 08 b
- [REERR o e

Arhion Ehement 100 Results o B Hue o

i oo P kb Gt Rty Tstl " b

O o B &8 n o d b 8 F & "F L4 |8 @ bk [ @

==

JUnEDan Element 107 Fesdts for Fun “Run 7

tvumxa,-.g:z

q_.mm et - }e“ .1\ /
[ ot 4:‘ o

i
{
A

oo 1300 o
tariz0on

Aara000. I
Lot
L A

T TE T Tl e e ek L
: Il

Figure 10. Flood hydrograph for a 100-year return period obtained from HEC-HMS software
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Figure 11. Designed hyetograph based on a 5-year return period flood
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Figure 12. Designed hyetograph based on a 10-year return period flood
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Figure 13. Designed hyetograph based on a 25-year return period flood
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Figure 14. Designed hyetograph based on a 50-year return period flood
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Figure 15. Designed hyetograph based on a 100-year return period flood
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HEC-RAS hydraulic model and ARC GIS software were used for flood distribution. The calculated flood
discharges were used as the available hydrological data from the river. The return periods of 2, 5, 10, 25,
50 and 100 were used to prepare zoning maps that the graph for a 2-year return period is presented as
the sample.
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Figure 16. The water level position in reach 1 for a 2-year return period flood
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Figure 18. The water level position in reach 3 for a 2-year return period flood
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_Figure 21. The water level position in reach 6 for a 2-year return period flood
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Figure 22. The water level position in reach 7 for a 2-year return period flood
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i Figure 23. The water level position in reach 8 for a 2-year return period flood
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Figure 24. The water level position in reach 9 for a 2-year return period flood
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These maps are provided in the form of flood zone maps for return periods of 2, 5, 10, 25, 50 and 100
years.

FINDINGS AND RECOMMENDATIONS

1. In this project, ARC GIS software was used to evaluate the sub-basins of Barde Sur River in Urmia
overlooking the studied period. This software has a high capability to calculate the physical properties of
the basin and the used parameters in HEC-HMS software. The studied area is divided into 17 sub-basins
by this software.

2. HEC-HMS and SCS software were used to estimate discharge with different return periods. This model
attempts to draw a flood hydrograph for each of its sub-basins using the physical characteristics of the
study area and the rainfall data.

3. Two land use map and also soil groups’ hydrologic map were integrated in ARC GIS software to
estimate CN.

4. HEC-RAS software is used in order to flood zoning. In the way that the obtained cross sections were
entered in this software by mapping operation and then, flood discharge values has been entered into this
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software for different return periods obtained from HEC-HMS software and the results were presented in
the form of water level in the reaches and also, zoning maps in ARC GIS.

RECOMMENDATION

1.

It is recommended that the used method in this study be used in research projects and various
organization experts.

2. It is recommended that the maximum instantaneous discharge data be used to estimate flood
discharge for various return periods.

3. It is recommended that WMS software be used to estimate the physical parameters of the studied
area.

4. Itis recommended that a similar study be conducted using this set but with different DEMs and with
different accuracy and the results be compared with these results.

5. It is recommended that simulation of flood zone in the studied intervals be conducted with other
software and other sets such as WMS in order to select the appropriate model and evaluate the
performance of other models.
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