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Dredging; The geometry and morphological variations of river cross-sections represent one of the key issues
HEC-RAS; in water and river engineering, exerting a direct influence on river management, stability, and flow
Hydraulic simulation; dynamics. Achieving an optimal cross-sectional geometry is among the most critical structural
Zayandehrud River. measures for river management, as it contributes to flood control and the reduction of human and

economic losses. In this study, the HEC-RAS software was initially employed to extract the
geometric parameters of cross-sections and to analyze the hydraulic conditions of flow along a
one-kilometer reach of the Zayandehrud River in Iran. Following the hydraulic simulations, the
optimal cross-sectional geometry was determined using the Teaching—Learning-Based
Optimization (TLBO) algorithm, with the primary objective of maximizing dredging volume
while maintaining hydraulic stability. Subsequently, the conformity of each cross-section with its
optimal state was evaluated. The hydraulic simulation results indicated that, from upstream to
downstream, channel width exhibited a 69.26% increase, while channel depth showed a notable
28.78% decrease. After optimization, the cross-sectional area increased between 2.16% and
28.24%, with a clear increasing trend from upstream to downstream, highlighting the greater need
for cross-sectional modification in downstream sections. Ultimately, this optimization approach
demonstrated significant effectiveness, enhancing the river’s flow capacity by 10.13% and thereby
fulfilling the main objective of the study—namely, flood risk mitigation and reduction of human
and economic losses.

Extended Abstract

1. Introduction

he geometry and morphological evolution of river cross-sections are among the most critical and influential aspects of
water and river engineering. These characteristics determine how rivers behave under different flow conditions and
directly affect river management, planning, and ecological health by controlling flow patterns, sediment transport, and
channel stability. Any alteration in cross-sectional geometry can lead to significant changes in hydraulic performance and
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ecological balance, making their study essential for both engineering and environmental purposes. Achieving the optimal river
cross-section is therefore regarded as a key structural intervention in sustainable river management. A properly designed cross-
section contributes not only to efficient flood control but also to risk reduction, erosion prevention, and the long-term protection
of life and property. At the same time, it helps maintain ecological integrity by supporting aquatic habitats and sustaining
natural hydrological processes. To reach these objectives, cross-sectional geometry and hydraulic flow characteristics must be
assessed regularly under a variety of flow regimes. Such evaluations are crucial not only for engineering design and construction
but also for developing long-term scientific understanding and effective management strategies. In this context, hydraulic
modeling emerges as an indispensable tool. By simulating flow dynamics and predicting geometric responses, it provides
accurate and reliable data that guide decision-making. Ultimately, hydraulic modeling forms the foundation for achieving
stable, efficient, and ecologically balanced river conditions.

2. Approach

In this study, hydraulic modeling was conducted using the HEC-RAS software for a selected section of the Zayandehrud
River in Iran. The Zayandehrud originates from the Zagros Mountains in the north of Chaharmahal and Bakhtiari Province,
flows eastward into Isfahan Province, passes through the historic city of Isfahan, and eventually discharges into the Gavkhouni
Wetland. As a major river in the region, it plays a crucial role in supplying water for domestic use, irrigation, and maintaining
ecological balance, making its hydraulic assessment especially important for sustainable management. The hydraulic
simulation was performed using a one-dimensional, unsteady flow model to represent a flood event with a 25-year return period
and a peak discharge of 521 m?/s. The main goal of the simulation was to evaluate potential floodplain inundation and to
analyze its impacts on adjacent lands, infrastructure, and human settlements. By providing detailed information on flow depth,
velocity, and inundation extent, the model enabled a comprehensive understanding of flood behavior along the study reach.
Following the hydraulic analysis, the Teaching Learning-Based Optimization (TLBO) algorithm was applied. Using a defined
objective function and relevant constraints, the algorithm determined the optimal dredging volumes required to improve
channel capacity while maintaining hydraulic stability. This combined approach ensured not only enhanced flood management
but also the long-term structural and hydraulic stability of the river system, balancing the needs for safety, efficiency, and
ecological preservation.

3. Findings

The flood simulation results revealed substantial inundation across the floodplains in the study area, emphasizing the urgent
need for channel modification and proper hydraulic interventions. The hydraulic model not only quantified the extent of
flooding but also provided critical geometric parameters, including cross-sectional area, flow depth, channel width, wetted
perimeter, and hydraulic radius, all of which are fundamental for understanding river behavior under flood conditions. To better
interpret these results, the trends in the geometric parameters were systematically analyzed using correlation coefficients.
Interestingly, the variation in river depth and width did not follow a uniform pattern from upstream to downstream, reflecting
the influence of local morphological conditions and sediment dynamics. This non-uniformity highlights the complexity of
hydraulic processes within the Zayandehrud River and the necessity of localized optimization strategies rather than adopting a
uniform dredging scheme. For a detailed evaluation, 10 monitoring stations were analyzed, each including 5 cross-sections,
resulting in a total of 50 cross-sections covering approximately 1000 meters of the river reach. After applying the Teaching
Learning-Based Optimization (TLBO) algorithm with 1000 iterations, the final optimized dredging volume was determined to
be 89,237.04 cubic meters. This optimized dredging volume reflects a balance between flood control efficiency and hydraulic
stability, ensuring that excessive excavation is avoided while sufficient channel capacity is achieved. The analysis of changes
in cross-sectional area across the stations demonstrated significant improvements. The increase in area ranged from as little as
2.16% at station 2, where the channel geometry was relatively stable, to as high as 24.28% at station 10, where flood risk and
morphological instability were more pronounced. Overall, the trend of cross-sectional optimization exhibited a clear increasing
pattern from upstream to downstream, indicating that downstream sections of the Zayandehrud River require more intensive
modifications to effectively mitigate flood hazards. These findings provide valuable guidance for targeted dredging and
sustainable river management practices.

4. Conclusion

An assessment of depth and width trends revealed notable geometric changes along the studied reach of the river.
Specifically, there was a significant decrease in depth coupled with a marked increase in channel width toward downstream
sections, a pattern most likely associated with the river’s high sediment transport capacity and the resulting deposition
processes. A direct comparison between the first and last stations illustrated these variations clearly, showing a 69.26% increase
in width and a 28.78% decrease in depth, highlighting the spatial heterogeneity of river morphology along the Zayandehrud.
In terms of volumetric capacity, the total pre-dredging volume of the studied stations was calculated at 881,256.23 m?®.
Following the optimization process, an additional 89,237.04 m*® of cross-sectional capacity was effectively generated,
representing a considerable improvement in the channel’s ability to convey water. This enhancement translated into a 10.13%
increase in the overall flow capacity of the Zayandehrud River, thereby improving its resilience against high-magnitude flood
events. The results also demonstrated that as the river progressed downstream, the optimal cross-sectional area requirements
increased significantly, indicating a higher need for dredging and channel modification in those sections. This pattern reflects
the cumulative impact of sediment deposition and geomorphic changes, which intensify downstream and reduce the natural
flow-carrying capacity of the channel. Ultimately, the implementation of channel modification and optimized dredging, as
proposed in this study, along the one-kilometer reach of the river resulted in substantial improvements in hydraulic
performance. Not only did it enhance the efficiency of water conveyance and stabilize flow conditions, but it also significantly
reduced the risk of potential human casualties and financial losses associated with flooding.
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1. HEC-RAS: Hydraulic Engineering Center—River Analysis System

2. TLBO: Teaching learning base optimization
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