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materials, and ease of implementation. In this research, an attempt was made to
introduce a new approach in geometric modeling, to develop mathematical
relationships to calculate the volumes of levees based on different location of each
scenario in the floodplain. Study scenarios supply the protection of three
kilometers of the Chabahar-Zahedan arterial road and its widening, which is
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zoning, GIS, HEC-RAS | of reduction of the flood zone and embankment volume of levees for each
scenario calculated in ArcMap. Based on the results, changes in the volume of
embankments in different scenarios did not correlate well with the flood zone area
reduction. Due to the direct dependence of scouring and thus geometry and
volumes of levees on flow velocity, by calculating the flow maximum velocity in
the study interval, the dimensionless coefficients of maximum velocity in
different scenarios were calculated and applied to the calculated volumes of
levees. Thus, by this approach and using quadratic polynomial equations, the
coefficient of determination (R?) increased from 0.35, 0.48 and 0.50 to acceptable
values of 0.88, 0.91 and 0.92, for floods with return periods of 50, 100 and 200
years, respectively, which indicate the high efficiency of the proposed approach
and also increasing in R? values with an increase in the flood return period.
Moreover, results show that the computational accuracy of regression
relationships in the scenarios with levee locations in the middle distances from
the road axis is higher than other scenarios which are closer or farther. This result
is due to more irregular river geometry in the scenarios closer to the road and the
intensification of nonlinear changes in flood parameters in the farther scenarios.
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1.  Introduction

Large river floodplains, due to fertile soil, suitable environment for diverse plant and animal species,
easier access to river water and mild topography are of great value in terms of environmental issues,
urban planning, agriculture, industry, and development of transportation infrastructures. In recent years,
encroachment on rivers and climate change have increased the frequency severity of major floods, and
the potential for flood damages. Due to the simplicity of structure, availability and cheap price of soil
materials, and ease of implementation, maintenance and repair, the levees are considered as the most
important and widely used hydraulic structures to protect the floodplains and river banks against floods.
Various researches have been done in the field of flood zoning and flood protection methods. Dierauer
et al. (2012) used one-dimensional hydraulic modeling and flood-loss modeling to test the effectiveness
of levee setbacks for flood-loss reduction along the Middle Mississippi River (MMR). This research
showed designing a levee setback around existing high-value infrastructure can maximize the benefit
of the setback while simultaneously minimizing the costs. Naeem et al. (2021) performed 2D unsteady
flow modeling for Tori Levee breach computed residual flood inundation by coupling a HEC-RAS 2D
with remote sensing and GIS techniques. The results showed good performance with a range of
difference from 0.13 to —0.54 m between the simulated and observed water levels (stage) and 84%
match for the maximum flood inundation area. Investigating previous researches shows that they did
not consider the effect of levee construction on changing the geometry of river cross sections. They
have only focused on reducing the flood zone due to the implementation of levees and resulting
economic benefits. Also, in previous researches, regression equations have not been proposed to
calculate the volume of levees and flood zone changes, which can be used in the optimal locating of the
levees. In this research, an attempt has been made to answer these two questions by using new
approaches and methods.

2. Materials and Methods

To solve the one-dimensional flow in a steady state, energy and momentum equations are used in HEC-
RAS. Studies have been carried out on a reach of about 14.5 km in the Karvandar River which is located
at a distance of about 30 km upstream of the Daman hydrometric station and a distance of about 60 km
north of Iranshahr city. Simulation and hydraulic analysis of the levees have been performed on a reach
of about 3 km at the downstream end of the above-mentioned reach which is located near the Chabahar-
Iranshahr-Zahedan arterial road axis. The Karvandar Watershed is located in the central part of Sistan
and Baluchistan province in southeastern Iran. Karvandar River catchment area at outlet point of Daman
hydrometric station, has an area of 3450 km2, slope of 0.1662, average elevation of 1300 m above sea
level, shape factor of 2.14, length of the longest waterway equal to 153 km and the slope of the longest
waterway equal to 0.0062 (Figure 1). Peak discharge with return periods of 50, 100 and 200 years are
shown in Table 1. In the process of geometric modeling of levees for 13 study scenarios in HEC-RAS,
a new approach using GIS has been used. In all previous researches, modeling of levees in HEC-RAS
has been done by activating the Levee option and determining the required levee heights. In this
approach, the levees are modeled only as a thick wall with a certain height, which doesn’t correspond
to the actual and executive conditions of the levees and their significant effect on the geometric change
of the study reach. It does not have the geometry of river sections. In this research, with a new innovative
approach and with the aid of GIS, the geometry of the levees is modeled in any of the 13 scenarios
completely similar to the real conditions and as a trapezoidal section by changing the geometry of the
river cross sections. Obviously, this new approach in calculating the characteristics of flood flow, flood
zone and levee volumes has much higher accuracy than the previous approach.
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Figure 1 Location and physiographic properties of the Karvandar River watershed at the Daman hydrometric station
outlet and the location of the river study reach (black oval)

Table 1 Design peak discharge of floods in the study reach of the Karvandar River

200-Year Peak  100-Year Peak 50-Year Peak
Discharge Discharge Discharge (m?/s)
(m3/s) (m3/s)
1950 1660 1270

3. Results

For 13 flood zone reduction areas in each of the three design floods (a total of 39 values), 13
corresponding values were calculated for the earthfill volumes required for levee implementations
(Figure 2). The correlation analysis was performed between these two corresponding variables. The
results showed that the obtained coefficient of determination (R2) is less than 0.1, which, contrary to
expectations, shows a very low and undesirable. By applying the maximum velocity dimensionless
weight factor to the volumes of the levees after deleting the outliers, the above mentioned correlation
increased from 0.35, 0.48 and 0.50 to acceptable values of 0.88, 0.91 and 0.92, for floods with return
periods of 50, 100 and 200 years, respectively. It has good accuracy and the obtained formulas (Figure
3 and Table 2) can be used to calculate the volumes of levees for three designs in the 3 km study reach.
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Flgure 2 Plan V|ewof the digital topographic model and satelllte |mage and the results of 200-year flood zoning in
the study reach of Karvandar River for the existing condition (top), scenario 7 (middle) and scenario 13 (bottom)
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Figure 3 Chart of the required volume of earthwork for the reduction of 200-year flood zone in the study reach of
Karvandar River (blue) and the reduction of 200-year flood zone for increasing the distance of the levees from the
Chabahar-Zahedan road axis (orange) - by deleting the outlier data and applying the maximum velocity factor

4.  Discussion and Conclusion

In determining the formula for calculating the volumes of the levees, the polynomial equation of degree
2 provided a higher correlation with the coefficient of determination (R2) than the other equations of
fit. Results also show increasing in R2 values with an increase in the flood return period. Moreover,
results showed that computational accuracy of regression relationships in the scenarios with levee
locations in the middle distances from the road axis is higher than other scenarios which are closer or
farther. This result is due to more irregular river geometry in the scenarios closer to the road and the
intensification of nonlinear changes in flood parameters in the farther scenarios.
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Table 2 Correlation relationships of embankment volume required by the levees, Vi (1000 m®) based on the area
extracted from the river floodplain, A (ha) for floods with return periods of 200, 100 and 50 years based on different
states of analysis in a study reach of three km Karvandar River near the axis of Chabahar-Zahedan arterial road

Return State of analysis Correlation of levee volume  Coefficient of Validity range of the
period (1000 m®) based on the area  determinatio correlation relationship
(Year) extracted from the n based on the distance
floodplain (ha) from the existing road
axis (m)
200 without outlier deletion and VL = 0.0006A? - 0.0074A + 0.0655 15<d <210
without maximum velocity 9.6213
weighting factor
200 with outlier deletion and VL =0.0009A? - 0.0079A + 0.5049 15<d<210
without maximum velocity 9.2132
weighting factor
200 without outlier deletion and VL = 0.0009A? - 0.0079A + 0.6306 15<d <210
with maximum velocity 9.2132
weighting factor
200 with outlier deletion and VL = 0.0008A? + 0.0771A + 0.9171 15<d<210
with maximum velocity 8.9891
weighting factor
100 without outlier deletion and VL = 0.0006A? - 0.0088A + 0.0567 15<d<210
without maximum velocity 9.536
weighting factor
100 with outlier deletion and VL =0.001A? - 0.0081A + 0.4833 15<d <210
without maximum velocity 9.1215
weighting factor
100 without outlier deletion and VL = 0.0004A? + 0.0764A + 0.6025 15<d <210
with maximum velocity 9.3658
weighting factor
100 with outlier deletion and VL =0.0008A? + 0.0773A + 0.9091 15<d<210
with maximum velocity 8.9036
weighting factor
50 without outlier deletion and VL =0.0007A? - 0.0172A + 0.0195 15<d <210
without maximum velocity 9.0275
weighting factor
50 with outlier deletion and VL =0.0011A? - 0.0154A + 0.3504 15<d<210
without maximum velocity 8.6129
weighting factor
50 without outlier deletion and VL =0.0003A2% + 0.0691A + 0.5084 15<d <210
with maximum velocity 8.857
weighting factor
50 with outlier deletion and VL =0.0007A? + 0.0711A + 0.8767 15<d <210
with maximum velocity 8.4057
weighting factor
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Karvandar River Project
Geom: Karvandar River Geometry- Levee No. 7_2
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A New Approach for Geometric Modeling and Calculation of
Volumes of Flood Protection Levees (Case Study)

Alireza Mohebzadeh Fattahi?, Saeed Farzin?, Khosrow Hosseini®, Sayed-Farhad Mousavi*

Abstract

Increasing encroachment on rivers along with climate change has increased major floods.
Levees are considered the most important structures to protect river banks and floodplains from
flooding due to their simplicity of structure, inexpensive materials, and ease of implementation.
In this research, an attempt was made to introduce a new approach in geometric modeling, to
develop mathematical relationships to calculate the volumes of levees based on different
location of each scenario in the floodplain. Study scenarios supply the protection of three
kilometers of the Chabahar-Zahedan arterial road and its widening, which is located in the
floodplain of the Karvandar River in southeastern Iran. Hydraulic simulations implemented in
HEC-RAS for the existing condition and 13 different scenarios with 13 unique topographies
based on the new approach, and the rate of reduction of the flood zone and embankment volume
of levees for each scenario calculated in ArcMap. Based on the results, changes in the volume
of embankments in different scenarios did not correlate well with the flood zone area reduction.
Due to the direct dependence of scouring and thus geometry and volumes of levees on flow
velocity, by calculating the flow maximum velocity in the study interval, the dimensionless
coefficients of maximum velocity in different scenarios were calculated and applied to the
calculated volumes of levees. Thus, by this approach and using quadratic polynomial equations,
the coefficient of determination (R?) increased from 0.35, 0.48 and 0.50 to acceptable values
of 0.88, 0.91 and 0.92, for floods with return periods of 50, 100 and 200 years, respectively,
which indicate the high efficiency of the proposed approach and also increasing in R? values
with an increase in the flood return period. Moreover, results show that the computational
accuracy of regression relationships in the scenarios with levee locations in the middle distances
from the road axis is higher than other scenarios which are closer or farther. This result is due
to more irregular river geometry in the scenarios closer to the road and the intensification of
nonlinear changes in flood parameters in the farther scenarios.

Keywords: Flood, Flood control structures, Levee, Flood zoning, GIS, HEC-RAS
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