Enhancement and Optimization of Zayandehrud River Channel Geometry
Using Hydraulic Modeling and Secretary Bird Optimization Algorithm

Abstract

The geometry of a river cross-section and its morphological changes are among the most important and influential issues in water
and river engineering, having a direct impact on the management, health, and flow of the river. Achieving an optimal river cross-
section shape is one of the most important structural measures in river management, contributing to flood control and the reduction
of human and financial losses. To obtain geometric parameters on cross-sections and hydraulic conditions of the flow, the HEC-
RAS software was used on the Zayandehrud River in Isfahan. To determine the optimal river cross-section geometry, the Secretary
Bird Optimization Algorithm (SBOA) was implemented. The approach of this study aimed to achieve a maximum dredging volume
while maintaining hydraulic stability in the river channel. Then, the optimum cross-section index (OCI), which displays the
numerical value of the river cross-section according to its optimal condition, was used to evaluate riv ss-sections in their
optimal state. Based on the results, the area of the optimized cross-sections gradually increased, and the o rea was far from
the optimal geometry towards the downstream. The OCI value was changed between l% and 53% angalso i [ rom upstream

highly effectlve enhancing the river’s watercourse capacity by 28.89% post-op
Keywords: Dredging, HEC-RAS, Hydraulic simulation, Optimum cross-section i

Extended Abstract

Introduction

The geometry and morphological evolution of river cross- | aspects of water and
i ineeri ” Achieving the optimal
lays a significant role in flood control and

the reduction of life and property losses. Cross-sectional geometr characteristics must be regularly assessed

under different flow conditions for scientific, englneerlng, and nt purposes. Therefore, hydraulic modeling is
indispensable to acquire precise geometric and hy foundational step toward achieving optimal river
conditions.

Method

In this study, hydraulic modeling was performed using are for a section of the Zayandehrud River in Iran. This

and Bakhtiari Province, flows westward into Isfahan
e Gavkhouni Wetland. The simulation was conducted

river originates from the Zagr ountains in t
Province, passes through the cit Isfahan, and
as a one-dimensional, unsteady flow

evaluating floodplain |nﬂz:mon and i g lands. Subsequently, using a defined objective function and
relevant constraints, the m (SBOA) was employed to optimize dredging volumes while
maintaining hydraulic stabiRg the Optimum Cross-Section Index (OCI), was applied to evaluate the degree of

deviation of each cross-section frofyi ate. The OCI provides a numerical value reflecting how close each section is to
optimal hydraulicygerformance.

Results
The flood S|mulat|on resu ted significant inundation in floodplains across the study area, underscoring the necessity of
channel mggliieation. The ic model provided key geometric parameters such as cross-sectional area, depth, width, wetted
perimeter, a 2 s. The trends in these geometric parameters were analyzed using correlation coefficients. Notably,
river depth a ot change uniformly from upstream to downstream. A comparison between the first and last stations
showed a 441.584@ ease in width and a 55.02% decrease in depth. Based on the analysis of 12 stations, including 120 cross-
sections (10 cross-S@€tions per station) of the Zayandehrud River, the final optimized dredging volume after 1,000 iterations was
calculated to be 59765160 cubic meters. The correlation coefficient of the OCI index along the river length was 0.71, indicating a
weak but increasing trend downstream. The OCI values ranged from 1.01 to 1.53 from upstream to downstream, highlighting a
growing deviation from optimal geometry in the lower reaches of the river.

Conclusion

An assessment of depth and width trends revealed a significant decrease in depth and an increase in width downstream, likely due
to the river's high sediment transport capacity. The total pre-dredging volume of the stations was 46,369,050 m3, while after
dredging, the average total volume in the cross-sections reached 59,765,160 cubic meters. This improvement enhanced the flow
capacity of the Zayandehrud River by 28.89%. Furthermore, the OCI index was closer to the optimal value in the upstream regions.
As the river progressed downstream, optimal cross-sectional area requirements increased, as did the need for dredging. The OCI
value rose by 1% to 53%, indicating a significantly growing deviation from optimal hydraulic geometry in the lower segments of
the river.
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