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Introduction

Ample research has been done on optimization methods for the exploitation of reservoirs in the form
of a specific optimization. In this type of studies, a certain series of flow is provided for the reservoir
during the operation period and the release from the reservoir to downstream is optimized under such
circumstances. They are certain drawbacks for these models. First, optimal solutions cannot be
generalized for other possible inputs to the reservoir. Second, in the event of a change in the flow of
input into the reservoirs, it is likely that the optimal solutions are not efficient and the operation of
the system in the form of an optimization algorithm should be performed again. In such
circumstances, one of the solutions is the use of intelligent methods such as support vector machines
to apply the results of system optimization in real time. The main goal of this study is to integrate
artificial intelligence methods such as support vector machine with NSGA-II optimization algorithm
to convert it to real time. In this structure, contrary to the conventional design of the scheduling, in
the event of a change in the flow of input, there is no need to perform re-optimization to understand
the optimal coefficients. Instead, the extraction relationship of the support vector machine can be
based on the input to the reservoir (at the beginning of the month), the volume of water storage in the
tank (at the beginning of the month), reservoir storage changes and downstream needs in the current
month to yield optimal release rates in real time.

Methodology

The study area of Gavoshan Dam and the coverage of this network is located in western Iran.
Initially, the simulation of the system was carried out in the WEAP environment and the river route,
the location of the hydrometric stations, the dam site, the water harvesting channels, the nodes of
cities, and other factors were given elevations using existing tools. Then, the data of Gavoshan dam
utilization and all resources and expenditures were entered into the model. Non-dominated-Sorting
Genetic Algorithm (NSGA-II) was used to optimize the system, which has been formulated in a
multi-objective manner (Deb et al., 2002). This way, the first objective was to maximize the
reliability of the project requirements during the planning period against the second objective,
namely, to minimize the amount of violations caused by failure to meet the requirements and to
violate the capacity of the reservoir (damage function) during the operation period. To use real-time
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optimization results, the method of support vector machines was used in this study. Support vector
machines are learning methods essentially developed on the basis of a statistical model for data
categorization (Vapnic, 1995). The model was later adopted as regression vector machines to solve
regression problems, detect the time series pattern and predict data (Osmola and Skolkov, 1998;
Skolkov and Osmola, 2002). The support vector machine was based on the output of the optimization
algorithm and was trained for a period of 192 months. Then, for a 24-months period, verification was
made of data not used in the training phase. Finally, the model was used to estimate the release rate
of the dam in real time.

Results and Discussion

After optimizing, the optimal exchange curve between optimization goals was achieved
(reliability maximizing function and fines minimizing function due to system breach from costing
need). In the last replication of the model, 32 optimal answers were presented on the Pareto front,
among which, based on the valuation of the target functions, a solution that simultaneously had the
lowest fines and the highest degree of reliability was chosen as the preferred answer. Based on the
best answer, the amount of each of the drinking, agricultural, and environmental needs, as well as the
optimal allocation of the dam to the total consumption during the exploitation period (18 years), is
shown in Figure (1).
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Fig. 1- Optimal allocation of costs to each of the uses during the operation (MCM)

Accordingly, the needs of the lands of the plains under study in most months is satisfied fully and
optimally. Then, for the generalization of the results, the calibration and validation of the support
vector machine model was performed. Figure (2) shows the results of the verification of the support
vector machine prediction based on the output of the optimization algorithm, which indicates the
ability of the trained structure to predict the optimal release of the dam in real time. Based on this
form, the average error rate for the 24 months was 9.8% and the maximum error rate was 17.7%.
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Fig. 2- Relative error percentage of support vector machine model in estimating optimal release rate of
Gavoshan Dam

Conclusions

In general, the results showed that, based on the combination of the multi-objective algorithm
NSGA-II and the WEAP simulation model, the developed model has the ability and efficiency to
solve complex and completely nonlinear problems and provide optimal solutions. However, optimal
answers are not generalizable for other possible inputs to the reservoir, and if the flow of input into
the reservoirs changes, it is likely that the optimal solutions are not efficient and the operation of the
system should be optimized in the form of optimization algorithm. Therefore, to use real-time
optimization results, intelligent support vector machine was used. The results showed that the
average of the optimal rule errors of the support vector machine compared to the output of the
NSGA-II optimization algorithm at verification level was less than 10%, which indicates the
effectiveness of this method in predicting the optimal pattern of curve in real time. This means that
developed support vector machine has the capability to quickly optimize the policy of optimal
operation of the system in real time with regard to new inputs to the dam.
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Parameter Value
Normal Elevation 1545.5 (m)
Max Reservoir Storage 555 (MCM)
Inactive Storage 50 (MCM)
Active Storage 505 (MCM)
Maximum capacity of water transfer tunnel 30 (m3/s)
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Fig. 2- Average monthly discharge of Gaverood and Razavar Rivers at hydrometric stations
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Demands Watre Demand Coverage (%) Re
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep (%)
Miandarband  91.2 77.7 100 100 100 100 100 91.02 100 100 975 70.8 79.2
Bilevar-b1b2  91.2 777 100 100 100 100 100 91.02 100 100 97.5 70.8 79.2
Bilevar-b3b4  91.2 777 100 100 100 100 100 91.02 100 100 97.5 70.8 79.2
Drinking water 100 100 100 100 100 100 100 100 100 100 100 100 100
Enviroment 100 100 100 100 100 100 100 100 100 100 100 100 100
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