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Abstract

Introduction: Considering that dams are one of the most important water storage resources in
water projects, therefore, proper construction and operation management of them is one of the
most important responsibilities of water resource managers.’One of the important parts in the
construction of any dam is the design of the dam spillway, which is responsible for discharging
excess water from the reservoir to downstream in caseof floods. Destruction or inefficiency of
spillways causes severe damage to the dam or even causes its complete destruction, that is
why the design and construction of this part of the dam is very important. Among different
types of spillways, stepped spillways, in addition to passing excess water from the reservoir
of dams, are also a structure that consumes flow energy. Until now, in the studies carried out
in this field, the optimization of stepped spillways has been considered as a single objective,
which usually aims to optimize, minimize construction costs or maximize energy consumption
in these spillways, and rarely optimize the dimensions of spillways with Taking into account
the two factors of cost and energy consumption has been considered simultaneously.
Therefore, in this study, for the first time, a multi-objective optimization model has been
developed by benefiting from the capabilities of the improved version of the dragonfly
optimization algorithm for the design of stair overflows with the aim of minimizing the
volume of concrete used and increasing €nergy consumption.

Methodology: In the design of the stepped spillway, the discharge parameters (Q) and the
horizontal length of the overflow (L) are among the most important input parameters, which
are determined based on the initial studies of topography and hydrology and are considered
constant during the design. According to the purpose of the present research, an optimal
combination of effective parameters in the design of a stepped spillway, including slope,
width, height of the spillway, water pressure on the spillway, and step height, should be
determined in a way that leads to the highest energy consumption and the lowest design costs
with By-law restrictions'should be taken into account. In the current research, the objective
function, which consists of decision variables, should simultaneously provide the maximum
amount of energy consumption and the minimum volume of consumed concrete, while
satistying the constraints and hydraulic conditions of the design problem. For this purpose,
the dragonfly optimization algorithm, which is one of the powerful algorithms of collective
intelligence methods, and was first proposed by Mirjalili.
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This algorithm is inspired by the group and social behavior of dragonflies in nature.
Dragonflies usually live alone in the wild and only act in groups for hunting and migration.
The basis of the dragonfly optimization algorithm to find the optimal answer is their two
crowding behaviors. In this way, based on the static behavior, the members of the algorithm
population are divided into smaller groups and search the problem space, then based on their
dynamic behavior (exploitation phase), they determine the optimal answer with more
members.

Results and discussion: The spillway of Sarouq Dam, located in West Azarbaijan province,
was selected as a case study in this research to evaluate the developed model. In the first part,
the problem of optimal design of the stepped spillway of Sarouk Dam was investigated as a
single-objective problem with the aim of maximizing the amount of energy consumption. The
purpose of redesigning Sarouk dam spillway was to provide an optimal design for a stepped
spillway instead of the existing flat spillway with the aim of maximizing energy consumption
downstream of the dam. In all the optimal models provided by IDA, the consumption of water
energy has increased significantly. According to the report of Hosseini, 2019, the amount of
energy consumption at the foot of the existing spillway of Sarouk Dam is equal to 23.41, which
the use of the stepped spillway in the present research increases it for the flow rates of 560.2,
776.9, and 422 cubic meters per second, respectively.71.32,65.72 and 74.74 percent.

According to the main goal of this article, in this section, the new and improved algorithm
based on the dragonfly algorithm has been used to optimize the multi-objective overflow of
Sarouk Dam by considering the amount of concrete pouring and the amount of energy
consumption as objective functions. The results.shown that, using the multi-objective
optimization approach for the design of stair overflows leads to the presentation of different
types of designs with different implementation costs and energy consumption rates.
Therefore, using the multi-objective optimization approach has led to the production of many
answers, which allows the employer to design the overflow according to the budget he has.

Conclusion: In this research, using the improvement of a new metaheuristic algorithm called
the dragonfly algorithm, a single-objective model was developed with the aim of maximizing
energy consumption, and another multi-objective model was developed with the objectives of
minimizing the construction costs of the stair overflow. The developed models were used for
the optimal design of Sarouk Dam spillway. The use of the improved Dragonfly multi-
objective optimization algorithm to minimize construction costs and increase energy
consumption showed that the multi-gbjective optimization approach can provide a set of
answers that is a great help to the employer in order to achieve an economic plan based on the
budget available.

Keywords: Steeped spillways, Multi-objective optimization, Energy dissipation, Improved
Dragonfly optimization algorithm.
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Table 3 Details of design.
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Variables Design  560.2 e am
@ 1066 1033 1033 1033
w 26 26 26 2438
h A 191 268  1.94
Higam 278 2866 28.66  27.04
H, 56 463 578  4.00
! - 1048 1473 10.64
N 1400 1000  13.00

Energvas(%) 4123 | 7132 6572  74.74

S e ddoe (bl Bas wal (53 a5 4eSles
Sl a G ) Sl e b G Ll (Gl
655 SVlgzasl (9500 dttin Ban L ogzge Blo 5y e
odalin (B) Jgaz ;0 a5 jghilen .0g duw Caws (8l o
IDA L:.wﬁ.: W) 4.:“)‘ Ao 6LDJ..\A LSALA) Pod ‘05'“(5“
axdly Gl (6 pSatir Habas T (55,3 SDlgial 5
&5l SV oyl 5ue Hosseini, 2019 i 155 sl o]
S aBbos FINY pln Bojle s 39290 ) sl o
GIPBl cge ol Badon 5o (S ) 5 eslial
2 eaSayke FYY § YVE/A BF41Y sla oo slyl a0 ol
0,5 2o 0 YFIVE g FOIVY YVYY il a5 a il

Journal of Hydraulics



§EF €958 6 Loutd o 0,90

Sy yuap

adud W (g jlwags -Y-F

Sl raide anlie Sy ol Gbed 5l i3 ool )
sl Lawgs oad Al slagaly Cunsllas (pols (Ll
m 03l b (IDA) oo 0ols dgupy S8l (5 5lwdige
adan Wiz S 93 (MODA) Sl ddossis
adan wx oy sles! 0,81 3 (NSGA-ID
lojlee 5l jslate oy el 48,5 & y50 (MOPSO)
(GD) (coss alold jlss 5 (S) alold jLxo Joli L)
aiz lapn sl o Slas Giomiw 5 2 b5 Gl
bgiye ool Luly, sl ol 8,5 0500 5500 ado
el 00l 03551 aslol jo b3l slalae 4

P

1 - 2

S= mZ(d - d;)
i=

»

N j

(13)
d; = Min; | ) |fic(x) - fi;(x)l)
i=12,.., =12,..,N-1
Slaal slass M g plj alats slk Bu oasylis fi(x)as
odel Cewdds dcgaze blis o leds § il b oo
Al dcgazme (yao pli aladi | layT alols 45 ol o
O aols Blas b el ply di cudp cpay 0ed e
acgazme slacl olaws Slo P bl plo g el akais
il oe ladi ke d g (alaels ages) odnl Consas
Clar @iy Wil e (ol Jlae Sl az e
b oo pomlie sdel Cawsas
boegisl loged (55, 22 9 ge ozl (FusSTy e
dwbre (VF) aayl, gllae  cos alold Lo jFoslai!
s
Zlediz

n

GD = (14)

Jsiz 55 Jae sl Yo jl Lol i i ol Ve - -

] 00 43‘)‘ S 5GD 6)Lo] (_gl.m).uo‘)l.a uuLw‘f (())
GD il sl eilin (308 b st 5 4 MOPSO
Sl 0 o, ol g0 4 Cans ) 095 (655 Wilanles
125 o VFF o Sila b NSGAIL a6 s 0iiS
Lo yo5laes 5l g + VYV (S0l b DA o550 coles

Q=560.2 m3/s

//

A N O I
~N 0 O O o~

[
[o)}
1

Energy dissipation %
N
Wi

N
=

63
98000

108000 118000 128000
Volume of spillway (m?)
Fig. 4 Optimal Pareto front.

138000

o303 9, podd Jol> slagwl ol Sl 4 axg b
L l;bQT dnlie (ol 1 il oo Al ol )l
el g CnpeS o dion 4 b e lageul s K0S
AW djb‘ RV @‘9; 9 (ououa 5 6Lb 7...’...0 f&l&a k).,cl....a

ol

b ol ¥ Jgax
Table 4 Details of design.

. Optimal Design
Variables Max Opt Min
a 10.35 10.35 10.43
W 24.59 23.08 20.00
h 2.75 2.91 2.86
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