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Abstract

Water quantity and quality criteria in the reservoirs operation
is one of the"most Important issues in the water resources
management. In this_paper, a multi-objective simulation-
optimization model is developed for Treservoir selective
withdrawal considering different releases scenarios from 4
reservoir outlets of dam, model fusion technique, NSGA-II
multi-objective optimization model and calibrated CE-QUAL-
W2 simulation model. To generate possible reservoir releases
as well as automatic running of calibrated CI_E-%UAL-WZ
model for different possible scenarios, two individual codes
are developed in MATLAB® software. The three main
objective functions of this study were minimizing difference
between allocated water from™the reservoir to agricultural
sector and its demands, maximizing Iran Water Quality Index
(IRWQIsc) of reservoir and the reservoir storage. Based on this
metho oIo%y, the input-output data sets of automatic running
of CE-QUAL-W?2 simulation model for all of the scenarios
were saved and utilized for training and validating the MLP
(Multi-Layer Perceptron), GRNN (Generated Regression
Neural Network% and RBF (Radial Basic Function) individual
Meta models. The Ordered Weighted Average was utilized to
fuse the individual Meta models in order to determine the
model’s weithin based on Orness method. Then, the fusion
model was linked to NSGA-II multi-objective optimization
model to determine the Pareto optimal solutions between the
objectives of the different stakeholders. For obtaining an
appropriate  solution  considering  different  involved
stakeholders on the Pareto front, Nash-Harsaniy bargainin

theory and different social choice rules method were utilized.
At the end, the fallback bargaining theory was used to choose
the best compromise solution between stakeholders in the
reservoir’s selective withdrawal. The results showed that
Nash-Harsanyi bargammfg theory, Condorect choice and Borda
social rules were most efficient models to find the compromise
solutions on the Pareto front between the objectives of the
involved main stakeholders.

Keywords: Quantity-Quality Reservoir Operation, Selective
Withdrawal, Model Fusion, Social Choice Rules Method,
Fallback Bargaining Theory.
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! Specifications of dam:

| Number of outlets and their capacity

| Length and surface area of dam

i Elevation-Area-Volume (EAV) curve
|
|

Step 1:
Gathering data

Minimum and maximum storage of reservoir

Required data: !
Historical reservoir water inflow and outflow |
Historical reservoir water quality and temperature data |
Minimum and maximum possible reservoir releases
Historical reservoir evaporation data !
Demands of different stakeholders (water users) |
Average precipitation |

conditions)

Setting the reservoir storage (as initial]

Defining different possible scenarios for
reservoir releases

!

[ Generating different reservoir releases

ave the generated releases been satisfied the
reservoir water balance equation?

Step 2: Determining different
possible reservoir releases

Save all scenarios consist of different combinations of
possible reservoir outflow

Step 3: Developing two-dimensional

Run calibrated CE-QUAL-W2 numerical model for different
possible reservoir

reservoir water quality simulation model

Determining water quality from different reservoir’s outlets for all scenarios as
dataset matrix

|| Train and validation Generalized Regression Neural Network (GRNN) models based
on input and output information obtained from the previous step (dataset matrix)

Train and validation multilayer perceptron (MLP) neural network models based on
input and output information obtained from the previous step (dataset matrix)

model

w [

Train and validation Radial Basis Function (RBF) neural network models based on
input and output information obtained from the previous step (dataset matrix)

Step 4: Training and validating

Step 5: Developing Fusion model I

Developing a Fusion model based on the Ordered Weighted Average to determine the model’s weighting based on
Orness method

{ Defining the utility functions of different stakeholders ]

optimization model

Developing a multi-objective optimization model by coupling Fusion model
to NSGA-II multi objective

|
|
Step 6: Developing a multi objective !
|
|
|

| |

Step 7: Obtaining the best solution based on

bargaining theories and different social choice rules

Obtaining appropriate solutions among Pareto-optimal solutions based
on Nash-bargaining theory and different social choice rules

management in the reservoirs considering selective withdrawal and model fusion
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Fig. 2- The situation of Karkheh dam in Iran
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Table 1- Monthly water demands of different stakeholders
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Month Agriculture Industrial Domestic

(MCM) (MCM) (MCM)
October 37.61 0.973 1.63
November 18.756 0.973 1.46
December 0.226 0.973 1.21
January 25.095 0.973 1.17
February 0.00 0.973 1.17
March 29.447 0.941 1.29
April 130.458 1.006 1.45
May 239.596 1.006 1.70
June 311.174 1.006 2.00
July 316.855 1.006 2.22
August 292.227 1.006 2.35
September 183.623 1.006 2.01
Total 1585.1 11.84 19.67
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Fig. 3- The values of the two statistical error indices for different Artificial Neural Networks and fusion
models in the validation period
WD Dy9d 43 (SNl Jde g (Egman amas dSud lSw e gl gb! slad ad Ll g malie Y USUS
285 Jao FUSION (4Bl prond (Sguw)Sy (omas a5 Jde (GRNN flis glads uas a8l Jdo (RBF Y aia g5y (omas 4806 Jd :MLP
s oy pSilee sitny ()bl (sllas yasls RMSE # s ilSslam i o)l (gllas asls :NS®

VAN e o) 0 lowd (o3 35k Jlw ¢yl sl O aslio Ol
Volume 15, No. 1, Spring 2019 (IR-WRR)

i WWW.SID.ir


http://www.SId.ir

Archive of SID

Table 2- The weighting scenarios of each objective
of different stakeholders

OLid Blaal I Sy 2 (23059 gy ylw T Jgaa
‘l“ -
Objectives Weighting

Wi W» W3 Wy Ws
Reservoir 0.5 0.3 04 035 1
IRWQIsc* 02 0.5 04 0.5 0
Deficit-Agr™ 0.3 0.2 0.2 0.15 0

Deficit-Agr™ difference between water allocated from the

reservoir to agricultural sector and its demands
Different weighting scenarios: W1 ,\W2 ,\W3 ,\Wa, W5

Fig. 4- Trade-off curve among the objectives based
on multi-objective simulation-optimization model
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Fig. 5- The normalized objective functions of stakeholders based on selected solution using Nash-Harsenyi
model
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Table 3- The values of objective functions of stakeholders based on best solution achieved from Nash-
Harsenyi model

oyl i Je bawgi i ool (gl 4 hliske ek 63 (515 ool Cawdds Bud aulgi walie -V Jou

Scnariossoluton | (vowy . Rwaissr PRl
1 6 334178 91.48 59.56
2 22 334195 91.97 59.67
3 9 334180.2 90.97 60.07
4 22 334195 91.97 59.67
5 1 334185 89.89 61.05

Deficit-Agr™: difference between water allocated from the reservoir to agricultural

sector and its demands

IRWQISCH#: Iran Water Quality Index (IRWQISC) of reservoir

Table 4- The superior solutions obtained on the trade-off curve among the objectives based on Nash-
Harsenyi and different social choice approaches
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Borda count 22 334195 91.97 59.67
Condorcet Method 22 334195 91.97 59.67
Median Voting Rule 33 334178 91.41 59.94
The Plurality Rule 12 334187 91.82 60.25
Majoritarian Compromise 33 334178 91.41 59.94
Nash-Harsenyi 22 334195 91.97 59.67

Deficit-Agr™ difference between water allocated from the reservoir to agricultural sector and its

demands
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Fig. 6- The variation of outlet’s water temperature from four Karkheh reservoir outlets in the superior
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