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Abstract

In this research simulation-optimization (SO) approach based
on surrogate model is applied in deriving reservoir operation
strategies considering quality and quantity aspects. The
proposed approach aims to overcome the computational and
time burdens of CE-QUAL-W2 as a 2D numerical
hydrodynamic and water quality simulation model with
intensive inter-calls for multi-objective particle swarm
optimization (MOPSQ) algorithm in SO approach. The
proposed surrogate model in this study utilized the artificial
neural network model’s capabilities and suitable descriptions
of interactions between reservoir water quality responses and
meteorological, hydrological, hydraulic, and water quality
conditions throughout the studied area. The developed
approach in this research was applied in designing the
optimum locations and optimum withdrawal rates from each
intake of reservoir for a 15-year simulation period. Objectives
were enhancing the dissolved oxygen in reservoir outflow as
water quality index and increasing long term annual
hydropower peak energy generation. Then the reservoir
operation rules in selective withdrawal scheme were derived
according to the correlation with meteorological, hydrological,
hydraulic, and water quality data. The comparison between
dissolved oxygen concentrations of reservoir outflow time
series in optimum scenario with the historical operational
scenario showed the suitable performance of proposed
approach in enhancing downstream water quality condition
through developing withdrawal rules considering quality and
quantity objectives.

Keywords: Multi-Objective Particle Swarm Optimization
Algorithm, Dissolved Oxygen, Peak Hydropower Energy,
Reservoir Operation in Selective Withdrawal Framework,
Reservoir Operation Rule, CE-QUAL-W2.
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Fig. 3- Comparing the performance of DO neural network model with CE-QUAL-W?2
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Table 2- Results of ANN-MOPSO approach corresponding to Pareto front in Fig.4
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Pareto front No. 1

Pareto front No. 2

Pareto front No. 3

Pareto front No. 4

Pareto front No. 5

1 3 7 9 10
093 0.03 0.02 0.01 0.01
3 7 8 9 10
095 004 O 0 0.01
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0.03 092 005 O 0
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Fig. 5- Comparing reservoir outflow DO concentration in optimal and current intake designing scenarios
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Table 3- Optimal coefficients of reservoir operation rules considering quality-quantity objectives
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Intake .
No. Alga inflow flux TSS inflow flux NHa inflow flux CBOD inflow flux DO inflow flux The”?l""u'x'”ﬂo‘”
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
4 018 010 006 0 0 00l 006 026 068 0 0 016 00l 004 0 003 00l 002
5 0o 0 o0 0 001 O 000 O O 0 002 0 O 000 O 0 0 0
0O 007 o0 008 00l O 018 006 00L 00l 01 002 026 005 00l 0 022
0O 002 0 0 00l 003 0 O O 004 O 00l 00l 002 O 006 001
o o o 0o o o 0 0o 0 0o 0 000 O 0 0 00l 0
Air temperature Reser\llec:,lglwater Outflow rate Wind speed NOs inflow flux POs inflow Flux
2 3 1T 2 3 1 2 3 1 2 3 1 2 3 1 2 3

4 024 0 0.01 015 0 0.12 0 0.01 0 012  0.02 0 027 0.09 0.08 0 0.04 0.01
5 0 0 0 0.01 0.01 0 0.01 0 0 0 0.02 0.01 0 0.03 0 0.02 0.01 0
7 003 001 024 005 001 038 004 012 0 0 001 022 001 0.3 0.06 0 0 0.08
9 0 0 0 0 0.01 0 0.01 0 0 0.01 0 0.05 0 0 0 0.01 0 0
10 0 0 0 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Numbers 1 to 3 represent the affected months from metheorological, hydraulic, hydrologic, and quality (3 is for the most recent 3 months)
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