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Abstract

The spillways, which are built with the purpose of passing the excess water of the
dam, include a huge part of the dam construction costs. Step spillways are an
example of these massive hydraulic structures that, in addition to passing the
excess water of the dams, also cause the consumption of flow energy downstream
of the dams. Considering the complex hydraulics of the flow on these spillways
and the presence of nonlinear limitations, their optimal design is a very difficult
problem. In this study, a new framework based on Metaheuristic algorithms,
including Harris's hawk Optimization (HHO), gray wolf Optimizer (GWO),
invasive weeds Optimization (IWO) and water cycle Algorithm (WCA),
considering the minimization of the amount of concrete used in spillway and the
maximization of energy dissipation in Spillway toe were developed as objective
functions to design these spillways. Algorithms' performance was first checked
and validated on basic functions. Then, to achieve the objectives of the study, the
spillway of the Siah Bisheh dam was selected as the study dam and the efficiency
of the developed models based on the four mentioned algorithms was evaluated
on it. The results showed that, in addition to improving the current spillway design
in terms of construction costs and dissipation energy, the HHO-based model has
good accuracy and convergence compared to other Metaheuristic algorithms. As
the comparison of the design obtained from HHO with the current spillway design
showed, in addition to a 35% reduction in the volume of concrete consumed, the
amount of energy dissipation increased by 15%, which indicates the success of
the design model developed in a multi-objective manner using HHO.
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1.  Introduction

The spillway is the most important component of a dam and the guarantor of its health, which includes
about 20 to 80 percent of the total costs of dam construction (Ouhadi and Jafari Asl, 2020). More than
1/3 of damaged dams around the world were due to insufficient spillway capacity in flood conditions
(Ferdowsi et al. 2019). The stepped spillway includes steps that start near the top of the spillway and
continue to the downstream of the spillway (Roshangar et al. 2014). High energy dissipation is one of
the most important responsibilities of this type of spillway, so that as the water passes through successive
steps, a large part of the flow's kinetic energy is removed (Salmasi et al. 2018). An overview of the
studies conducted in the field of stepped spillways showed that the use Metaheuristic optimization
algorithms compared to other approaches such as numerical and laboratory modeling, in addition to
reducing the costs required for conducting research, also leads to more stable results (Heidari et al.,
2020). Also, at yet, the new algorithm of Harris's hawk Optimization (HHO) has not been used for the
optimization of spillways. Therefore, in this research, the optimization of stepped spillways is done with
this algorithm and the results are compared with the results of (WCA), (IWO) and (GWO) algorithms.

2. Materials and Methods

In the present study, the design of stepped spillways has been considered as a multi-objective
optimization problem. For this purpose, minimization of the volume of concrete used in the spillway
body and maximization of energy dissipation on it are considered as objective functions. It should be
noted that the results of solving multi-objective optimization problems are presented as sets of answers
on the Pareto chartHarris's hawk Optimization Algorithm

This algorithm, like other Metaheuristic algorithms, is population-based and creates initial solutions
randomly. Then, at each step of the algorithm iteration, the search agents (hawks) update their position
using the search operators, transition from the search step to the exploration step, and explore the best
answer (Heydari et al. 2019).

3. Results

The results have shown that 222782.4 m® of concrete have been used in the implemented design of the
spillway, which has 60.1% energy dissipation. It is clear that comparing the answers obtained from the
optimal multi-objective design approach with the current spillway design, in addition to reducing the
effective volume of the spillway concrete, the amount of energy dissipation has also increased. In such
a way that the HHO algorithm has been able to provide the lowest design cost of 143931.3 m? of
concreting volume, in addition to reducing the concreting volume by 78851 m?, it has increased the
percentage by 15%. In comparing the desirability of the answers found by the algorithms, the IWA
algorithm has provided favorable results compared to other algorithms, so that the average answer found
in IWA has a volume equal to 240817.2 m® with 76.37% energy dissipation, which is compared to the
most expensive plan. HHO has reduced 26330.4 m* of concreting volume with an equal amount of
energy dissipation. On the other hand, the plans obtained from HHO have a different range that the
employer can make a suitable decision based on the available budget. Considering that the designs
resulting from multi-objective optimization have a good advantage over the current design, it is clear
that the cost and energy consumption criteria are well taken into account in the current spillway design.

4, Discussion and Conclusion

The results showed that compared to other three algorithms, HHO has good convergence and dispersion
in solving the complex problem of stepped spillways. By comparing one of the responses on the Pareto
chart obtained from HHO with the existing Spillway design, it was found that HHO design has been
able to reduce the volume of concreting by 35%, and has increased the amount of energy dissipation by
15%, which indicates the effectiveness of the presented approach is in the design of stepped spillways.
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