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The most important goal in the planning and optimal operation of the
reservoir system is to determine the various operating policies that can
operate properly Under the drought condition and existing uncertainties. In
this study, a combination of the Horse herd optimization algorithm (HOA)
and WEAP simulator model was used to extract the optimal reservoir
exploitation policies in the form of specific optimization and objective
functions were calculated based on the results of the implementation of
each scenario and the total operating period for Maroon and Jarreh reservoir
dams. The results showed that the average error of the optimal rules
extracted from the support vector machines relative to the output of the
HOA algorithm in the validation stage is less than 17%, which indicates the
high efficiency of this method in predicting the optimal pattern of the dam
control curve in real-time. Moreover, evaluation of different scenarios
showed that agricultural development in areas 1, 4, and 5 of Ramhormoz
will be reduced by an average of 50% and also a 10% reduction in inflow to
Marun and Jarreh dams will have negative effects on Shadegan wetland.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

It is crucial to manage and optimally usage of

inefficient in solving complex optimization
problems.  Therefore, new  metaheuristic
algorithms have been increasingly employed,

water resources, particularly in the agricultural
sector as it accounts for the largest portion of
water consumption. To avoid the costs and
consequences of constructing dams to store and
supply water, it is necessary to optimize dam
reservoir operations to manage water resources.
Conventional  optimization  methods are

showing promising performance for the
optimization of multi-objective problems in dam
reservoirs. It can be expected that after the
integration of artificial intelligence methods such
as SVM with the new and powerful HOA
algorithm, there will be a significant relationship

between the monthly flows entering the
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reservoir, the volume of water storage in the
reservoir, changes in the reservoir volume, and
downstream needs (as independent variables) and
optimal release rate variable (as the dependent
variable. Therefore, the main goal of this
research was to compare the amount of water
released from the reservoir with the amount of
input in drought conditions and to simulate it
using WEAP software and convert it to real-time.

Material and Methods

To determine the water demand nodes of the
Jarrahi Basin, the present study simulated the
entire Maroon-Jarrahi system at monthly time
steps for a period of sixty years using WEAP.
Then, the multi-objective coupling of the Horse
herd optimization algorithm (HOA) and WEAP
simulation was adopted to extract optimal
reservoir operation policies in the form of
deterministic optimization. To cope with this
drawback, a new method was developed by
integrating the SVM and HOA approaches to
implement the real-time optimization of the
system. The optimal trade-off curve of the
optimization objectives was plotted for four
scenarios, including (1) utilizing the irrigation
networks of Ramhormoz Construction Zones 1,
4, and 4, (2) a 10% reduction in the inflow of the
Maroon and Jarrah dams, (3) transporting water
from the Karun to the Shadegan ponds, and (4)
reference scenario (business-as-usual).

Results

Table (1) reported the average evaluation
indices, including the demand reliability of
the Shadegan ponds in the four scenarios. It
was found that the Maroon-Jarrahi system
had a reliability of 77% in the business-as-
usual scenario (i.e., reference scenario). This
suggests that the system cannot supply the
entire water demand of the Shadegan ponds.
In the second scenario (a 10% reduction in
the inflow of the dams) and the first scenario
(using construction zones 1, 4, and 5,
reliability was found to be 74 and 68%,
respectively. The reliability difference
between these two scenarios arises from the
fact that the system is a river system and
results in a nonlinear model. This suggests
that the use of irritation networks in the
branch of the Allah River would be more
effective. However, the reliability index was
calculated to be 99% in the third scenario.
Although the transport of water to the
Shadegan ponds would be effective, it is
infeasible due to the drought in the Karun
basin. This was evaluated at the Farsiat
station.

Table 1 Average percentages of Shadegan wetland supply needs with HOA algorithm

Objective Function Stability Vulnerability Reversibility Reliability Scenario
%10 Yield 39 38 68 74 1
Reduction
Land Development 36 34 65 88 2
Transferring Water 30 28 92 99 3
Reference 23 27 71 77 4
An environmental demand reliability
25 comparison of the Farsiat station in the
<20 fourth (reference) scenario and third scenario
fg (water transport from the Karun to the
£ Shadegan ponds) indicates a 50% difference,
210 implying the inability of the Karun system in
% inter-basin  water transport. Also, the
@ 5 drinking water demand of the system was
0 supplied completely (100). Thus, it can be
1 1 ” 31 said that drinking water (priority 1) would be

Performance Step (Month)

Fig. 1 Percentage of relative error of the support
vector machine model in estimating the optimal
release rate
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supplied properly to Behbahan, Ramhormoz,
and Shadegan during in simulated period.
The trained SVM was found to be efficient
in estimating the optimal output under the
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use of new datasets that were not used in the
training phase. According to Fig. (1), the
maximum average error was calculated to be
nearly 17% for the 36 months.

Conclusions
According to the findings of this study, it can be
concluded:

1. The SVM model developed in this research
has the ability to quickly provide optimal
exploitation policies in real time according to the
new flow inputs to the dam during floods.

2. The integrated and meta-heuristic optimization
algorithms used in this research have the ability
to optimally manage water resources and
optimize the use of the reservoir.

3. By considering the optimal policy, the
percentage of supply and the reliability of
supplying most of the needs (drinking,
agriculture, environment, and industry) was done
appropriately and acceptably.

4. The optimal release values or the optimal
command curve resulting from the hybrid of the
HOA algorithm and the WEAP simulator based
on a certain series of inflows into the reservoir
during the period of operation of the Maron and
Jarrahi dams and the release from the above
reservoirs to provide downstream uses in These
conditions  were  optimized.  Therefore,
considering that the generalization of this model
for other possible inputs to the tank will not be
without problems, to solve this violation and use
the optimization results in real-time, the

intelligent SVM method was used and favorable
results were obtained.

5. The average error rate of the optimal rules
extracted from SVM compared with the HOA
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output in the verification stage was less than
10%, which indicates the efficiency of this
method in predicting the optimal pattern of the
dam command curve in real-time.

6. The evaluation of different scenarios showed
that agricultural development in the 1%, 4" and
51 districts of Ramhormoz will be reduced by
50% on average, and a 10% reduction in the
water entering the Maron and Jarreh dams will
have negative effects on the Shadgan wetland. It
is suggested that by adopting management
strategies, in releasing water from reservoirs
located upstream, valuable ecosystems such as
wetlands, and the environmental needs of the
river and wetlands should be considered.
Because the current situation will lead to the
destruction of the entire ecosystem of Shadegan
Wetland and of course Jarahi River as the main
supplier of water to Shadegan International
Wetland and ultimately create destructive
environmental effects such as the development of
dust centers in the region, economic and social
crises.
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1. Principal structure: Introduce useful variables and
other parameters

2. Primary data: Present uniform randomized
distribution of horses in a practical space

3. Check the body fitness: Assess the horse
expenditure based on location and its goal
performance

4. Determining age: Calculating horses age (a, B, v,
and o)

5. Speed: Applying speed for each horse based on
age

6. Determining new locations: Update the horse
locations in the search space

7. Repetition: Repeat step 3 to reach desirable
optimum and stopping the operation
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Table.1 Properties of hydropower plants

Jarrha Ramhormoz
Reservoir Dam

Maroon Reservoir
Dam

Property

Yellow River Maroon River Water provide source
Floods, agriculture, Floods, agriculture, purpose of building the dam
drinking and energy drinking and energy
101 1578 Average annual revenue (MCM)
114 175 Height of foundation (m)
431 505 Normal level (m)
240 1200 Reservoir volume at normal level (MCM)
30 200 Dead Volume (MCM)
101 723 Adjustable Flow Volume (MCM)
108 150 Nominal capacity of power plant (MW)
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Fig. 4 a) Average monthly discharge of Jarahi river at hydrometric stations b) Average monthly different water
needs in Jarahi basin (2001-2019)
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Table 2 Results of HOA Algorithm Jarrahi Basin Water Resource Optimization (%)

Niar supply function Maximum Average Minimum Standard Number of
deviation algorithm
executions
Agriculture (F1) 303 148 103 0.2 50
environmental (F2) 402 152 112 3.3 50
Algorithm execution time 57.8 57.7 56.6 0.00 -

(Seconds)
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Table.3 Average percentages of Shadegan wetland supply needs with HOA algorithm
Obijective Function Stability Vulnerability Reversibility Reliability Scenario
%10 Yield Reduction 39 38 68 74 1
Land Development 36 34 65 88 2
Transferring Water 30 28 92 99 3
Reference 23 27 71 77 4
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