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Extended Abstract

Introduction

In general, the efficiency of water supply channels is usually less than acceptable, one of the reasons for this is the lack
of appropriate optimization methods in channel design. The goal of optimizing the channel cross-section is to design
the channel in the most favorable hydraulic state with the most economical possible. In channel design, it is also
necessary to pay attention to minimizing the possibility of overflowing. In the present study, the goal was to minimize
the total costs of excavation and covering along with minimizing the possibility of overflow from the channel for a
channel with a trapezoidal cross-section at different discharges. In the following, the effect of changing the discharge
on optimizing the channel dimensions has been investigated.

Materials and Method

The effect of flow change on the optimization of channel dimensions has been investigated in addition, minimizing the
possibility of overflow is also considered as a goal. Therefore, free bord and flow rate are also considered as design
variables. Problem formulation leads to nonlinear optimization due to the Manning equation constraint. In single-
objective optimization, the feasible set is determined entirely based on the objective function, and for each set of
answers, the best answer is determined based on the value of the objective function. In multi-objective optimization
problems, there is not only one answer, but a set of optimal answers is obtained according to the objectives of the
problem. In this research, the constrained method of multi-objective programming technique is used. In this method,
the vector optimization problem is converted into a numerical optimization. The conversion of the vector form to a
numerical one is done in such a way that one of the objectives (here, minimizing the construction cost) is considered as
the only objective of the model, and the second objective (here, minimizing the overflow probability) is considered as
a constraint. As a result, the resulting model is the numerical and deterministic form of the previous vector and
stochastic model.

Results and Discussion

The results showed that as the discharge value increases, construction cost increases. Also, the construction cost for all
discharges decreases with the increase in the probability of overflow up to a probability of overflow of 0.5 and then
increases. In other words, for all discharges, the construction cost is at its minimum when the probability of overflow is
0.5. With increasing discharge, the optimal channel width increased. Also, the optimal width for all discharges
decreased with an increase in overflow probability up to a value of 0.5 and then increased. In other words, for all
discharges, the optimal width has a minimum value at a probability of overflow equal to 0.5. With the increase in the
discharge value, the flow depth increased. Also, the flow depth for all discharges increased with the increase in the
probability of overflow up to the value of the probability of overflow equal to 0.5 and then had a decreasing trend. In
other words, for all discharges, the flow depth has a maximum value at the probability of overflow equal to 0.5. With
the increase in the discharge value, the optimal free height decreased. Also, the optimal free height for all discharges has
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a decreasing trend with the increase in the probability of overflow up to the overflow probability value of 0.5 and then
has an increasing trend. In other words, for all discharges, the optimal free height has a minimum value at the overflow
probability of 0.5.

Conclusion

The results of this study showed that in a trapezoidal channel, if optimization is performed to minimize the cost of
channel construction, including the total cost of excavation and channel lining, as well as minimizing the probability of
overflow from the channel, with an increase in the discharge amount at a specific (fixed) probability, the width of the
channel bottom, the depth of the flow, and the cost of channel construction have increased. In other words, with an
increase in the discharge, the dimensions of the channel cross-section have increased, which has brought about higher
costs, but with an increase in the optimal depth, the need for free head of the channel has decreased, so with an increase
in the flow discharge, the optimal free head has decreased. Also, for all discharges at an overflow probability of 0.5, the
cost of channel construction, the optimal width, and the optimal free head have a minimum value, and the flow depth
has a maximum value.

Keywords: Channel section design, Nonlinear optimization, Free board, Minimum overflow probability, Excavation
and cover costs
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