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In Sistan and Baluchestan Province, the rivers are prone to flooding, but few
studies have assessed the floods in these rivers. Given the substantial
importance of the border rivers in this province, flood hydraulics for four
border rivers, namely Mashkil, Surin, Gezo, and Biraban, were studied in this
research. To this end, hydraulic modeling of floods and preparation of flood
zone maps with 2- and 50-yr return periods were performed using the HEC-
RAS model, ArcGIS software, and HEC GeoRAS extension. According to the
calculation and comparison of various hydraulic parameters, in 2-year return
period discharge or dominant discharge, the Mashkil river had the highest
depth and extent of floods, and the Gozo river had the highest average flood
velocity among the studied rivers. In the 50-year return period discharge,
Mashkil and Gozo rivers had a greater potential for flooding. Finally,
comparing the ratio of changes in different hydraulic parameters with the
change of flood return period from 2 to 50 years indicated that the increase of
discharge (5.8-28.3 times) in the studied rivers had greater effects on the flood

of

volume (3.3-7.8 times) and its extent (2.3-4.5 times).

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

Flood is one of the most abundant and important
natural phenomena. Analysis of flood behavior
and recognization of river flood zone is a very
important step to managing this phenomenon and
reducing the damage caused by it. Many studies
have been conducted to examine flood-affected
rivers’ behavior so far. In this research, four
border rivers of Sistan and Baluchestan province
have been considered and flood zones with return
periods of 2 and 50 yr in these rivers have been
determined. Then, by calculating and comparing
different hydraulic parameters of rivers under
these floods, the trend of changes in different
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parameters by changing the flood discharge has
been evaluated.

Materials and methods

The rivers examined in the present study include
Mashkil, Surin, Gazu, and Biraban rivers located
in Sistan and Baluchestan province. Table (1)
lists the characteristics of these rivers along with
the geographical coordinates of their beginning
and end points.

The tools employed in the present research
include HEC-RAS and ArcGIS software as well
as HEC GEO RAS plugins. Data required for
hydraulic modeling include DEM (Digital
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Elevation Model) maps of the area, river
discharges, and Manning’s roughness coefficient.
Since the determination of the roughness
coefficient is always associated with many

uncertainties, the sensitivity of the flow
parameters to the roughness coefficient has been
evaluated by performing a sensitivity analysis.

Table 1 Characteristics of studied seasonal rivers

River Name Mashkil

Surin Gezu Biraban

X=521765.366
Y=2996130.931

X=534211.391
Y=3001041.607

26
0-2
134

2430.2

Coordinates of
starting point (UTM)

Coordinates of end
point (UTM)
River Length (km)
Interval Length (km)
2-yr discharge (m%/s)
50-yr discharge
(m¥fs)

2-26
127.2

2388.6

0-15
211

169.9

X=435082.062
Y=3142836.483

X=440701.823
Y=3143503. 234

X=393904.467
Y=3158069.309

X=397932.696
Y=3157469.410

25
0-2.5
41.9

1185

X=348994.745
Y=3213128.638

X=360504.143
Y=3201387.729

18
12.5- 14
121.6

795.6

6.5
15-6.5
40.1

331.6

0-125
94.4

518.6

14-18
117

767.4

For this purpose, the Mashkil River model was
considered in flood conditions with a return
period of 50 yr and the roughness coefficient was
considered as increasing and decreasing changes
(x 15%) in the model. Then, by running the
model, the percentage change of flow variables
has been evaluated. As results demonstrated in
Fig. 1 indicate, different hydraulic parameters are
slightly sensitive to changes in river roughness
coefficient, indicating that results are reliable.

1514

—&— Flow cross-section
—&— Depth

—A— Mean Velocity
—v— Wetted Perimeter

10 4

Changes in hydrulic parameters (%)

T T T T T T
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Changes in roughness coefficient
Fig. 1 The percentage variations in hydraulic
parameters with changes in roughness coefficient.

T
0.85

Results

After hydraulic modeling using HEC-RAS
software, flood distribution manner was
determined with the desired return periods in
various cross-sections of the studied rivers (Fig.
2 shows a sample of these results for the Mashkil
river). After determining flood distribution in
various cross-sections of the studied rivers, the
present research transferred current modeling
data from HEC-RAS software to ArcGIS
software and prepared flood zoning maps for
each river in 2-year and 50-year return periods
on the river’s satellite map using the HEC GEO
RAS plugin (Fig. 3).
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Fig. 2 Examples of flood zone modeling with a return
period of 50 years in various cross-sections of the
Mashkil River
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Fig. 3 Flood zoning map for 2 and 50 yr return periods at rivers of: Mashkil, b) Surin, ¢) Gazu, and d) Birabam

Table 2 Hydraulic parameters changes for 2 and 50 yr flood in studied rivers

River Flow Maximum
name  Flood return Discharge Velocity Cross- Wetted perimeter
; 3 ; water depth
period (m3/s) (m/s) section (m) (m)
(m?)
2 Year 127.96 0.48 570.89 4.49 265.96
Mashkil
50 Year 2393.22 0.83 3292.57 9.71 764.77
2 Year 35.72 0.42 198.68 3.32 114.67
Surin 50 Year 294.28 0.77 662.46 5.65 266.5
2 Year 41.9 0.97 105.01 1.76 109.63
Gezu 50 Year 1185 1.93 822.25 4.57 490.52
2 Year 100.43 0.66 235.49 3.52 167.67
Biraban 50 vear 583.15 0.7 937.19 5.82 411.67

Table (2) shows the calculated values for the route. According to Table (2), in the 2-year
different hydraulic parameters. The values of all  return period discharge (dominant discharge),
these parameters were averaged along the river Mashkil River and then Biraban River have the
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highest depth and extent of floods (according to
wetted perimeter parameter) among the studied
rivers. In the Gozo River, due to the higher flow
velocity, the issue of erosion and sedimentation
is more important. In the 50-year return period
discharge, Mashkil and Gozo rivers have a
greater potential for flooding. Table (3) shows
the ratio of changes in various hydraulic
parameters by changing the flood return period
for all studied rivers. According to Table (3),
river discharges have increased from 5.8 up to
28.3 times due to the change in flood return
period from 2 to 50 year. Regarding the

parameters of velocity and flow cross-section
which are associated with river discharge,
changes in the flow cross-section have been more
significant. Moreover, regarding the parameters
of maximum water depth and wetted perimeter
that are associated with the flow cross-section,
wetted perimeters have undergone greater
changes. Therefore, it can be concluded that in
all studied rivers, a significant increase in 50-yr
discharge compared to 2-yr discharge has the
greatest impact on the area of land covered by
flood.

Table 3 the ratio of hydraulic parameters changes due to the change in flood return periods from 2 to 50 year

River name Discharge Velocity Flow C_:ross- Maximum water Wetted perimeter
section depth
Mashkil 18.7 17 5.8 2.2 2.9
Surin 8.2 1.8 33 1.7 23
Gazu 28.3 2 7.8 2.6 45
Biraban 58 1.1 4 1.7 2.5
Conclusion that the increase of discharge in the studied rivers

The present study developed flood zoning maps
for four border rivers in Sistan and Baluchestan
province including Mashkil, Surin, Gazu, and
Biraban rivers with 2 and 50-year return periods.
According to the calculation and comparison of
various hydraulic parameters, in 2-year return
period discharge or dominant discharge, the
Mashkil river had the highest depth and extent of
floods, and the Gozo river had the highest
average flood velocity among the studied rivers.
In the 50-year return period discharge, Mashkil
and Gozo rivers had a greater potential for
flooding. Comparing the ratio of changes in
different hydraulic parameters with the change of
flood return period from 2 to 50 year indicated
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had greater effects on the flood volume and its
extent.

Data Availability
The data can be sent on request by the
corresponding author via email.
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River Name Mashkil Surin Gezu Biraban
Coordinates of Starting X=521765.366 X=435082.062 X=393904.467 X=348994.745
Point (UTM) Y=2996130.931 Y=3142836.483 Y=3158069.309 Y=3213128.638
Coordinates of End X=534211.391 X=440701.823 X=397932.696 X=360504.143
Point (UTM) Y=3001041.607 Y=3143503. 234 Y=3157469.410 Y=3201387.729
River Length (km) 26 6.5 25 18
Interval Length (km) 0-2 2-26 0-15 15-65 0-25 0-125 125-14 14-18
2-Yr Discharge (m%/s) 134 127.2 21.1 40.1 41.9 94.4 121.6 117
50-Yr Discharge (m3/s) 2430.2 2388.6 169.9 331.6 1185 518.6 795.6 767.4
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Table 2 Changes of hydraulic parameters with changes in roughness coefficient along with the amount of
relative sensitivity (Mashkil river-50-year flood)

Percentage of changes in hydraulic parameters

Ratio of roughness

- Mean velocity Flow cross section Wetted perimeter
coefficient changes (mis) (m?) Depth (m) (m)
0.85 11.9 -9.7 -4.5 -4.1
0.9 7.4 -6.4 -2.9 -2.5
0.95 35 -3.1 -1.4 -1.2
1 0 0 0 0
1.05 -3.3 3.1 1.4 1.2
11 -6.3 6.2 2.8 2.3
1.15 -9.2 9.2 4.1 3.3
relatlve(sée;]snlwty -0.68 061 028 0.21
I
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0.-0 p Fig. 3 The percentage variations in hydraulic
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Table 3 Hydraulic parameters changes for 2 and 50 yr flood in studied river

River Flood return Discharge Velocity Flow Cross-  Maximum water ~ Wetted perimeter
name period (m%/s) (m/s) section (m?) depth (m) (m)
2yr 127.96 0.48 570.89 4.49 265.96
Mashkil
50 yr 2393.22 0.83 3292.57 9.71 764.77
2yr 35.72 0.42 198.68 3.32 114.67
Surin 50 yr 294.28 0.77 662.46 5.65 266.5
2yr 41.9 0.97 105.01 1.76 109.63
Gezu
50 yr 1185 1.93 822.25 4.57 490.52
) 2yr 100.43 0.66 235.49 3.52 167.67
Biraban
50 yr 583.15 0.7 937.19 5.82 411.67
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Table 4 the ratio of hydraulic parameters changes due to the change in flood return periods from 2 to 50 year

River name Discharge Velocity Flow C_:ross- Maximum water Wetted perimeter
section depth
Mashkil 18.7 1.7 5.8 2.2 2.9
Surin 8.2 1.8 33 1.7 2.3
Gazu 28.3 2 7.8 2.6 45
Biraban 5.8 1.1 4 1.7 2.5
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