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2- Non-dominated sorting genetic algorithm
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1- Particle swarm optimization
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1- International research and training center on erosion
and sedimentation

9 sle Gl el oal 4,5 I o (A Coeal S
5 Sl 00 (i a5 (r Gobol 2 323 O Sl 5
O S B po b iluaigs () oS 0 6 Sl s o
3 e el LS polie 6l (V g p20) yiiin Coenl
Orizmed w2000 ) (g Foslhe mls caSe y gl Ve
7S ol gilule, o5 (aBlge 10 lois Cewdmly 5l Baa &b
S &5 (695lg0 40 g ol Jlaie gl il cawo ol 5L
Gae b ke (eadil alils 29,5 Caws iyl LS jlade

n
D; 220 & R; <D, :>f1—2X[Z(Di _Ri)ZJ

i=1
n
D; <20 & R; <D; :>f1:Z(Di -R;)?

i=1

f,(Demand ) = )

Ri >D; =f;=0

g1 ole) 10 o3 5l (29,5 x> Hlaie Ri o(F) alal) 5o

= 90 2 4 Sl Gloj 5o Cews Gl 5l ez jlaie D
Wbl oo S e Ggelee on

S5 9 Slg; go> lp oot a3 S a3 Buw &b

Sligasy IS goazme Ly clitio (a5 S50 4 55 (21350

Sl gilwaias 090 50 21G 0 655 JS Egeze 9 (> 9
el 0 @) gl ol (B) 5 (F) Laslg, yo ilons

n
fz(FIushing)=f2(zVsi) ®
i=1

il e T oy p jlaie Vi o(F) alal, o

n
f3(Hydropower):f3(ZPi) ()
i=1

e i oley 5o Sl 55 e Pi «(0) alal, o

S 50 Bus milgl g9 A az gl b el Cels OlgglS ygudis
b Sl oy 5 G i) Boe mlyoad b S
S Wb Cewsml 5l Bas b &S (b )0 Wgh ad
Ol g Bun wlg (05 55 Sy lp iludin Joe 53 098
S5 Bas 1y (ilwaineS ©)90 4 Slaal ples ()35



)0 Pgw) Sy

AY ol IFRB Hlg o) o louds FF o o3 bummo g o yos kit 49 33 [ 1A

180

120

100

80

60

40

(MCM) Canss 3y 3 o> byt

20

Al L R ' A A R R

I'_|I'_|I'_|I’_|I’_|I'_|I|—|I’_|I’_|I|—|I|—|I|_|I|_|I|—|I|_|I|_|I.T.T.T.|

Word XYY YT YA YWY Y4 OTY OYY Yo YV

03950303l

OFAY Jls) gdigusy olelns ol yalino 4 jlmo sloojls ~F JSC

Joe $lr st & @lyg) (85 wals jge sl
@2oil) )kl Jad Jolis col ons @Mlel gginn (g3luaie
e e Ggabee Al ey Lol Casopmly Sl polie oS
Rl 0900 albog; 4 laale D2lee Jad g (Sl
5 polae a5 (F) UKo o bl o (i)l 305l U asaul
ol L YAV Jlo) oloyose 0y90 Job jo Cawaimmly
b oobogm; Slles pols plxl sl jlxe lajs, s o
ool ain K, L o ole (50,059 9 L§)L.‘:J Jad 4y axgs
ol yasrive ol S5, L 5 goien sl awl ool oold

Lol et S ey Y=Y

O)g—e an silwante oo sloclsr s J> 5l an
U s 4 e () it BB Sy it LS a0
dcgorme (yol 50 e cas 45 65k Al e Cews 4 o
Clez ,o g0l (655 6,500 4]y (S calize lgz 90
@5l o 050 6 (65500 4 S B &b S o Jila
Wb ol ez bl jslate 4 g5,y angy bla (0 5] cows
Sl GBS (nl 9 090 patie Bus &b ja Cueal g (s
ooliiwl i o)lEe e () 3l (2l Sz 95 i
0,5 ol (V) akaly & jgo @ Gli o ) Gy (nl -l 0as
sl

1- Non-symmetric Nash solution
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1. Introduction

Traditional management of water resources, which is often based on cost and benefit, is not sustainable
approach; therefore reassessment of the former approaches seems necessary nowadays. Optimum reservoirs
operation is one of the important water resource management problems. Present study has used the non dominated
sorting genetic algorithm (NSGA-II) for multi-objective optimization of Sefidrud reservoir in North of Iran. The
main goal of the study is to reach sustainable operation of the reservoir by considering these objectives
simultaneously: supply of downstream demand, sediment evacuation and hydropower generation.

2. Methodology
2.1. Sefidrud reservoir

Sefidrud reservoir is located at the intersection of two rivers, Qizilowzan and Shahrood in the Guilan province,
North of Iran. Table 1 presents its main characteristics.

Table 1. Sefidrud reservoir characteristics

Catchment area (km?) 56200 Average annual sediment load (Mton/Y) 43
Initial reservoir storage (MCM) 1760 Average annual inflow (MCM/Y) 4500
Present reservoir storage (MCM) 1244 Power capacity (MW) 87.5

Sefidrud reservoir plays a vital role for downstream farmlands and main aim of the reservoir is to supply the
water demand of agricultural sector. Due to intense storage reduction by sediment deposition, reservoir flushing is
important for Sefidrud reservoir. In the present study, the reservoir operation along a dry year, which input water of
the reservoir is less than the downstream demand, is evaluated.

2.2. Non-dominated sorting genetic algorithm (NSGA-II)

NSGA-II was introduced by Deb et al. [1] which consists of two procedures: non-dominated and crowding
distance sorting. The non-dominated sorting is the fast and simple approach to increase speed of sorting and
comparison process. While the crowding distance keeps the diversification of optimal points in the Pareto optimal

* Corresponding Author
E-mail addresses: r_hajiabadi@civileng.iust.ac.ir (Reza Hajiabadi), mzarghami@tabrizu.ac.ir (Mahdi Zarghami),
nourani@tabrizu.ac.ir (Vahid Nourani).
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front [1]. Also in present study the non-symmetric Nash solution is used in order to select the best solution among
the Pareto optimal points set [2].

2.3. Objective functions and constraints

Egs. (1)-(3) are used as the objective functions for the water demand deficits (minimize), reservoir flushing
(maximize) and hydropower generation (maximize), respectively.

Di ZZO&RI < Di Dflzzx(Z(Di _Ri)ZJ
i=1
f,(Demand)=1D; <20&R, <D, =f, :Z(Di “R,)? W
i=1

R, >D,=>f, =0

f,(Flushing) =f,(>_ V) @
i=1
f,(Hydropower) = f 3(2 P) o
i=1

where R; (MCM) is the release from the reservoir, D; (MCM) is water demand, Vg (Mton) is flushing sediment
load and P; (Mkwh) is hydropower generation. Physical constraints are the continuity equation of reservoir, limits
on reservoir capacity and outflow, limits on hydropower capacity and water head. Also two environmental
constraints have been considered due to downstream problems: allowable time (lack of flushing in the irrigation and
fishes’ spawning seasons) and maximum discharge to sediment evacuation. The optimization problem is
complicated by evolutionary algorithm of NSGA-II and it is coded in the MATLAB software.

3. Results and discussion

In the present study, different scenarios are defined by considering various weights of objective functions (Table
2). Based on the results of Table 2. the maximum sediment evacuation and hydropower generation are 89.39 Mton
and 147.23 Mkwh, respectively.

Table 2. Results of the different scenarios on the objectives weights

Scenario V\_/ate_r demapd ) FIt_Jshing' Ij|yd.rop0w_er Annua! water demand  Output sediment Hyd_ropower
objective weight  objective weight  objective weight deficit (MCM) (Mton) generation (Mkwh)

1 1 0 0 183.4 2.55 129.37

2 0.7 0.3 0 284.95 80.31 123.89

3 0.7 0 0.3 210.8 2.28 137.41

4 0.33 0.33 0.33 255.42 47.23 132.03

5 0 1 0 353.39 89.39 120.26

6 0 0 1 305.24 0.49 147.23
Observed - - - 200.95 0.15 128.16

Hajiabadi and Zarghami also have performed similar study for multi objective optimization of this reservoir [3].
Fig. 1 and Table 3, compare results of the present study and study [3]. Fig. 1 indicates annual deficit of each
scenario for supplying the different percentages of the downstream water demand. Comparison of the results reveals
that the scenario 3 of the present study improves hydropower generation by 6% against the scenario 1 of the study
[3], while both scenarios have the same behavior in the other objectives. Similar result can be obtained for output
sediment by comparison between the scenario 4 of the present study and the scenario 2 of the study [3]. The
scenario 4 of the present study increases output sediment by 25% against the scenario 2 of the study [3]. In the
present study, a better approach is adopted in the face of constraints. This approach helps the optimization algorithm
to search only the feasible space and doesn’t generate unfeasible solutions, so algorithm can search better and gain
suitable solutions.
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Fig. 1. Downstream water demand supplying of the present study and study [3]

Table 3. Evacuated sediment and hydropower generation of the present study and former study [3]

Scenario Output sediment (Mton) Hydropower generation (Mkwh)
Scenario 1 of study [3] 3.89 129.01
Scenario 2 of study [3] 37.64 128.3
Scenario 3 of present study 2.28 137.41
Scenario 4 of present study 47.23 132.03

4. Conclusions

Multi-objective optimization of the Sefidrud reservoir was evaluated in the present study. The objectives
included water supply, sediment flushing and hydropower generation. Results of the present study were compared
with a recent publication [3]. Results showed that the present optimization model can increase hydropower
generation by 6% and 7% compared to that study and also with regard to the observed scenario, respectively. Also
evacuated sediments could be increased to more than 47 Mton by the present solution while in the previous study
output sediment was 37.64 Mton.
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