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

OLid Blaal I Sy 2 (23059 gy ylw T Jgaa
s
Objectives Weighting
Wi W2 W3 W4 W5
Reservoir 0.5 0.3 04 0.35 1
IRWQIsc* 02 0.5 04 05 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

IRWQIsc*: Iran Water Quality Index (IRWQIsc) of reservoir — 8wl Jao slao y Blad! fpu Jolad  Joxie —F S
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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

Elinl G835 g (sl 5 S yg ) (Slue pr Blaal fy Jolai (Sovie (69 31 el Cuwd 4y 45y s daol, -F Jgao

LS

) TomSe Rwol e
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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Fig. 7- The variation of IRWQI from four Karkheh reservoir outlets in the superior solution number 22
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Fig. 8- The variation of total water releases from Karkheh reservoir in the superior solution number 22
YY 0 lowd o5 g Jooly 43 dd )5 auw 55 I 29y O S jlale Ol punds A JSUS

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



Jolss ioxie (595 2 1) sl 5y Sl a8 e
3 Nlodygl Cowday calise a6 o dbsaniy (gjlodug
e (S g (oS Baa @l Aulie 4 (g e 0A0] Clidos
G CEby &S it )3 29290 Lulpd (g0l b a0 (p] ]
3505y b dw e 3l (298 ol slbcas anlis (S o)le
osly Oblaii @) ez g 93 (85 aip b (bl il
3 el pie GlacSuny 13 oo copizman il o 0ui)] ligis
Silwdinte Jho S drwgi b ]y caliee (laisu Cgllae CudeS
Sy oo p byd Jlil gy Gliey oS,
25 50,8 s s y5bve 1 bl el ¢l (CVAR™Y)
oMl g degodmej 1395 Olgis 4 (55laS S| S e (i8S
sloodls 3 Sloj x3 b (58,8 iy Mg allisg, e g3k Jao
o5 b Shy b culite (45 (lagadls xS 5 bale
soaie Ban b (gludnd )90 (B gy 390 s 5
85 sbyiel)ly (1905 Bl ((Sjglgyen Cilisie Lalpd (3905
A 5l WG e (&S Ll odiS oy g daste

sl Sl oladss olp olleda

\w%a

S35 5lwand Jao 51 Jobs bolgr dunlis ()
CE-QUAL-W2 (glwdped Jo 9 Jol 8 p2 (e

2 Jaelp e (ilwaigem giludnd Jao il Lol slacle>
9 13,5 dume (gilwaws CE-QUAL-W2  Juo bwg Ll
03,5 dunlie 5 Jaeld b osel cund 4 slaclys b puimon

O iz sladonyd jl (293 =y s Ol hawgle
L;’L"“" CM;Sb);. bd b s O 5l At L;)b)go).pa 5 4>)§Jw
odnlio b & IS5 53 a5 jelaslan .ol ol ooy Lis & IS5 5o
CE-QUAL-W2 o 95 jl odel cowd a5 (395 plie 33,5 0

45 ) d (50 Cilise gladom ;3 5l (295 TDS @i bawgie
Vo USG50 aS jelailen Ll o odly L Ve ojlews USG5 o
CE- Juo 93 jl ool cuwd 4 (39,5 polio 3,5 0 sdnliie uir
sllas g 5515 oS VST o by Lo o 5 b9 s QUAL-W2

b 56 5ie AS it

ds e ilie slaamyd | (298 Ol (slod Sl Lawgio
LN ).) 45)9]0)“«0.5 .C«.w] [ 0.)‘.) OLU;.; AR b)‘.o.»:\) ﬁ))) 45-)5

okl 9 (85 4% -0
S o (gl (gjlodin(gilodund looys (55950 ¢ 35 (ol
o 45])‘ Lg:bwl C«f:‘.)ﬁ ))&9) dLu.O)J FW u)l}u GQ*S_A.S“’;
¥l ilolay slag s 4 axg5 b lanl (s5gaio ol yo o
Ol lacaaS daJie 58l bgy g dw oie alise aou)d
i gglate (p Wlodyd S (gilwdnd dw i I (295
sl g s dlise sl jl (See slagjlole) Wy ol
Oygo & S CE-QUAL-W2 (s30e (silwdnss Jio ) So
b e -Gl 005 (905 MATLAB® Jl38ls 5 oo )3 aiBlas
isp S e csiludnd Jho (295 5 539)9 laodls jleslit
S (MLP) ¥z (gt (goae 4Ss Jold) (osiaao
Ueo glad (oas oS 5 (GRNN) albprosi (g )S) (e
O caaS il lp Dy sla i lgea oS ((RBF)
5 obigel WS LE edlitul 30w i I 295
G0 )d e (g e bl oS 5 gl Slenss § sviwcons
O 9 2ydke (slb e 4y 0 g A0Sy (23059 syl 5l pol
S5 gy 2h5 5 cawl ons edlawl Orness ooy 4 b Jas g
ovs sl Jde ol 00305 dunlis 55 0,000 Jde du b o
(GRNN) 48l pyas Jgps S5 (oo 45 Jao 3 i
dodie 346 gy (JS 0 Jg cunl S0y b < ]
o e ) (g Ol b (Giloand (lp ) cp il
o Jao 38l (hg) 10 oS sl pl S 4y yol ol sl 004y a8 S
TDS LS slopie wSke lp NS (gl o asls
G w3t doud e 5l Glid—cu s g by ahlawd
(350 Jdo oy yiae) GRNN Jio &y s W/ g V4 OV YV
RMSE (¢l (slas jasls uimmen .ol azils cds iuljl
Olys—co s g bd wlawd TDS LS slapsio 1Ske (oly
Cas Y7, 9 SV NOL AY). S5 & cda ()50 45> 5o
LIV ool asly cds ()58 (5800 Jde o yie0) GRNN Jio &
FSo o Cagllas @y (3ui (pl > e (l)lg)S 4 a2y
NSGA-IT ddumsin (g5lwding Jdo Ban mlg olgieds o lads 23
(st Jdo cuolio ,Slas 4 dagi b 5 Cuwl o 48,5 Jay jo
Sy calegys sl oais ooy Jlas! (g5lwdinge Jdo 4 j5S'de Jde
Siloine j Jolb Jols (oo (59 3 calio dall 4 (ydw)
Sl Jde g (sloinl (i 5 (il Cilisee (sl g jl adanix
J>o|) 03)5 |..\.u LSI)’. O Lol o_\ib)f oslazwl u:.w)l—uiﬁ
Sl gyl geSde lagdsy il OS5 Cu ST i
Bl duwlio b Cusl 003, odlital jale G 20b b iS5l
g wwg)lS (byy by (djlisl (byy & 035 edalise b iy,

VAN ke ¢ 0l 3 35b Jlo ol o @olie eslisios
Volume 15, No. 1, Spring 2019 (IR-WRR)

yay



o lad &Sl (Y CE- Juto 93 5l ol Cowd dy (39,5 polie 33,5 o osnliio o2 V)
sl 005 0315 Ui W S5 53 03909 R b Lo glad aSs %y SS9 81> (o8 Ml o b b Je 30805 59 9 QUAL-W2
Ao 32l (2 ol glod

)bﬁ O alold )bﬁ cucl»,ﬁ Jhwl C.gl.'»' 5299 L;Lmo”.? LS‘)'f
1l Vo diles g0ty Uye glas 99 JU) bl sl e 0% 45 solailon Cunl 0ad 03y (L3 Y o)led JSUB ) a8 87
_n? . Olawd a8 i s o 45 05,5 0 odalive o VY S
radbas(n) =e™" () CEQJ:iW‘”;‘f TJ“J P w’”“ szl
- = Jde 90 5l odel Cuwd 3 8o W y)eo )
el o5 00l s VF S 3 b ol Jo 92 Jlosel Comd by (295 polis s (e 5
Sl a8 M) o L Lo Jo 5l g, o W2

0.5 -
0.45 -
0.4 -
0.35 -

& v "'ﬁ?""mi:
- fmJ

---®-- CE-QUAL-W?2 - & - Fusion

0.15 -
0.1 -

0.05 -

0 10 20 30 40 50 60
Month's number
Fig. 9- The average of Nitrite-Nitrate’s variation from two CE-QUAL-W?2 and fusion models from Karkheh
reservoir dam in the best solution number 22
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Fig. 10- The average of TDS’s variation from two CE-QUAL-W?2 and fusion models from Karkheh reservoir
dam in the best solution number 22
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Fig. 11- The average of temperature’s variation from two CE-QUAL-W?2 and fusion models from Karkheh
reservoir dam in the best solution number 22
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Fig. 12- The average of Phosphate’s variation from two CE-QUAL-W?2 and fusion models from Karkheh
reservoir dam in the best solution number 22
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