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Abstract

In this research the simulation-optimization (S-O) approach is
applied to determine the optimum capacity of water transfer
systems in “Beheshtabad” to “Zayandehrood” Inter-basin
water transfer project. In this regard, a Multi-Objective Multi-
Cooperative  Swarm  Particle  Swarm  Optimization
(MOMCSPSO) algorithm as an optimization technique is
linked to Water Evaluation and Planning system (WEAP) as
the simulation model. Due to the immense computational
efforts of simulation-optimization approach specifically in an
evolutionary algorithm application and the need to frequent
recalling of the simulation model, intensive computational
costs are expected. To alleviate this challenge, a surrogate
based S-O approach is developed in this research and the
Acrtificial Neural Network (ANN) as the surrogate model
substituted WEAP. The objective functions of the problems
were minimizing the environmental and domestic water
demand shortages at the origin and destination basins
separately while minimizing the costs of the water transfer
system. The results showed that the proposed optimization
algorithm was able to offer reasonable and diverse solutions
with good functionality in terms of management decisions.
Furthermore the developed techniques in this research can
effectively reduce the computational time whereas the desired
accuracy is achieved in water resources objective function
estimations.
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Water sources and sinks simulation of origin
and destination basin in WEAP

v

Model validation

]|

v

Simulating the 1420 development scenario in WEAP

Objective function Random
calculation generation of
Surrogate model decision variables
development ¢ ¢
ANN model development as surrogate of
WEAP model
Linking WEAP Linking ANN and
and MOMCSPSO MOMCSPSO  [¢
algorithm algorithm
Optimization
v v
Determining the optimal capacity of
Beheshtabad water transfer system

Fig. 1- Flowchart of Research Process
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Table 4- Decision variables corresponding to the Pareto front of the MOMCSPSO-ANN model
MOMCSPSO-ANN Juo g5 31 dguar b 3Bl paonai (g patio pdlie —F Jgui

Pareto front No. Tunnel capacity (cms) Dam volume (MCM)
1 16 1353
2 18.5 244
3 26.8 753
4 16 500
5 0 315
6 36.5 805
7 19.5 426
8 27.2 602
9 15 574

10 10.8 397
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Fig. 11- Pareto front drived by the MOMCSPSO-ANN model (sequential meta-model)
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Table 5- Decision variables corresponding to the Pareto front of the MOMCSPSO-ANN-WEAP model
MOMCSPSO-ANN-WEAP Jue 9 p1 dgudx U ybLiko paonci (51 paitio pdlio —0 Joua

Pareto front No. Tunnel capacity (cms) Dam reservoir volume (MCM)
1 35.9 1002
2 20.37 683
3 9.7 745
4 0 383
5 6.2 400
6 22.2 906
7 18.7 513
8 24.8 740
9 5 394

10 12.3 711
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Table 6- Comparing the performance of techniques in optimal design of Beheshtabad project
sbfcuing b (5wt dluo Jo e SSWST 3,50os dmlio —F Jgaa

AsOi
Appioach MOMCSPSO- MOMCSPSO-
Obijective Function MOMCSPSO-ANN ANN-WEAP WEAP
L MAX 100.45 98.65 101.53
Squared monthly deficit in MIN 0 0 0
Beheshtabad basin
AVE 56.44 44.38 34.95
o MAX 51.31 51.31 51.31
Squzared rgo'r]lthl)(/j otI)efl_CIt In MIN 26.18 26.18 21.33
dyandenroud basin AVE 35.76 35.08 40.71
MAX 6610 6394 5124
Cost (billion Rials) MIN 965 1015 857
AVE 3741 3394 2714
Time (hours) ~35 ~6.5 ~117
Number of function evaluations 6000 6000 6000
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1- Surrogate Model

2- Artificial Neural Network

3- MINLP

4- Incremental

5- Repository

6- Multi Objective Multi Cooperative Swarm PSO
7- Meta-Model

8- Levenberg-Marquardt

9- Sigmoid
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