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5- Genetic Algorithm
6- Ant Colony Optimization Algorithm
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1- Linear Programming

2- Non-Linear Programming
3- Dynamic Programming

4- Meta-heuristic Algorithms
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1- Honey Bees Mating Optimization
2- Constrained Ant Colony Optimization
Algorithm
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3- Harmony Search Algorithm

4- Cuckoo Search Algorithm

5- Improved Particle Swarm Optimization

6- Constrained Gravitational Search Algorithm
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1- Artificial Bee Colony
2- Firefly Worm Algorithm
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1- Shark Algorithm

2- Krill Algorithm

3- Charged System Search
4- Fly to Boundary
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1- Topology
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Table 1. Values of parameters in CSS algorithm obtained by sensitivity analysis.
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Table 2. Values obtained for Dez reservoir operation problems using first formulation of CSS.
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Table 3. Values obtained for Dez reservoir operation problems using second formulation of CSS.
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Figure 3. Variations of average, minimum and maximum solution cost values of simple reservoir operation
problem over 20 years of operation period using the first proposed formulation.
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Figure 4. Variations of average, minimum and maximum solution cost values of hydropower reservoir
operation problem over 20 years of operation period using the first proposed formulation.
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Figure 5. Variations of average solution cost values of simple reservoir operation problem over 20 years of
operation period using both proposed formulations.
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Figure 6. Variations of average solution cost values of hydropower reservoir operation problem over 20 years
of operation period using both proposed formulations.

A ol D3 e e o SIS el b sSde Pluw (YY) jladl &S ol S5 0L

23l o 568 S5 ) S Sl esliad b opomen
Slaoy s gl esle (615 e, Jlw Goua GU
S0/ slie L YA 5 oW Wl Y 50 s
ol sddgsludle i Jlae Ol il (6l 5 V/VE
GU Sblae pslie (LB s Sl ceoman g
SN Jolie Loy AMEY 5 AR L e Gila

Lol edigiladl s shas Ol gl VY

VY«

5 Oy e isa slag, SISl esliad L
o o) bl Shes slass ghla 5 K55
Sged Je Ve LSS sl s Comer Sl
A Wl Yoo 500 Sl glae,gs sl (V)
Sols e g s Sl ool Cwdas Chda @U SlAda
VVE 5 0/0 pslie L s VI 5 VoY (o ceske

S 3y ol ok 3ladle 5 sl Gl )



Ol)Ked g LSl 48 Ohblw 5L

RV @U 2olie 3gg Aoy (romens ASL e
e J= o olgin V-::’.)jﬁ‘ 3 edal e
Sl 33 A O 31 (B ) esle (515 o g
w8 s b oalas 3 e Yo 50 (glae s
5 OVYY) YYAL C e Oy e s
Sy Aod ol esdle LASL o (AV/EY) VEAAY
solgly &.)}ﬁ‘ S5 edel Cowsay Chua @L? nalie
aalr (letng w2 mlE Loamlie
Oy 3l esle (6515 e g s J= s OK%-))A
s Sl s MYV Al 0 6y Gl 33 Ao
oSl Yo 50 slae, g 53 BB (615 e e
2ol 35 doys iomen Sk e YA/EE 5 0/48
03 soleldy r:f_)}ﬁl 5 edel Cewsay s @L?
Corrsimer Sloing oS 2 Lol
Ao O35 Slesle (615 i 0 [ J> s sl S
b2 e g Jls Sl s YVE dle 0 0,95 6l 38
Al o /A L 0 ey s LB
oS Sl O sdasolis 2 s 5 Slnrax
Wgas Plos > 53 a5 21 o3l (2,80
oyebe 33 G lia Jalas OF W5 o Sage 5 503
00l il sy 5 el (S5 ey 5 SLAS]
Sl edel Sz B al slie S oo ol
sl Sl eslgly r@.)}iﬂ Shoeslaad b il
s ool flw 3l 8 ) eslital 55 le.a{,.:.i)jﬁ\
Sl w28 3 sl sy Al Yo G
Slas Glmil polie (umman sl zg (LIS
sl b oaslese 50 ol sasgsladlb g
co S Sl e ) eslinal sy slagn, S

.w\%(&m\ﬁéﬁ;w

S 5 42
9 ool Lage 6)\3;30).@.5 le-wﬂ Lu,i}.ﬁ}}i U‘i‘ BE

AR}

O3 e o @ S eslisal b ooS s
Sl £ 5 VAT olie omen el Csw
Shme Sl 6l 1/04 5 0/ ppslie b 5 s 5
S5 w8 Sl eslinad b bl g sladls
(YerR) JLadl 5 me b Jools o6, Jles gl
e s amlr oo SIS eslixal
o3l (5,13 o AWl gl 1, VoY 5 o VA slia
s VAY pslie 5l Yo g 00 Sley slae, s s
Shilt (B ol Al ol 1, Yo
(Y0) Wlosysl s oLyl Sles ferven
Shoeslaad L (YY) 0L 5 pume (pomen
Verenn sl 5 GBS G e ) Sl
Slp AYE 5 oV olie s pa (ol Sles
olie U esle (g)ls e, Al L3 Giaa &b
s g 5lwdle 5 e Gl sl (gl +/v NN 5 o/0 08T
5 Sda LB sl TENE 5 V0 slie 5 ol
Y e /eeE slie by B sl e e dles
Sy Lol eddgiladl s Jlae Sl sl
05 (YA) Wssal &yl dle Yoo 500 Sley (glae s
S st oS S esliad Lo tags ol
sl Shes frvenn Ghla 5 sl oS
e sl Wl Yo 50 Slej slae, s 3 oo S
Bl YWEY 5oV slie esle (5515 e e
Gl ol gl /VEYA 5 +/2 YA slie L 5 Coaa
dlw Gy 5 bole sadgsledle s las
o Gl YAVA 5 ViEE sl B sl e e
Gl sl gl /W 5 o/00Ya sl b 5 Coaa
el 0l ol ol sligiledle 5 las
2olie 3gg Ao s S das e Ol c,b Py
J= o sleiy (v-:e.))ﬁ‘ 5 edel Cowsay Cida @L?
Gl 55t O35 31 (G5 ) eslee (5,13 0 a0 dlce
S s b oaglas 3 e Yo 50 (glse s

(E1/EA) Yo/04 5 (VOF) YVA 5 ju S



ITAY (1) o,lowd (Y0) s S g O Chlis s Widgis 4 pai

Stadp g slacl e S L Jol- flw ¢l
Tl comen o Sl pas shudse b Sl
Sk O3 g g oS S okl Cowdds
gl @l e e b os s s m pl
Bl b o 3 oz S ol 3 asliad (ings,
S5 et ook Wls o350 5 O kg o5 5~

R S )

Sl sladse B o5 5o ol Db (sl
seon i Jm Al 50 Sl sl
Sdadsad o flaw ol J= Gl s oL
5o oy Of WJyl dhudse b s &S A &l
Qs 025 pom cps3 Gludge b 53 5 O
olis CL“’ o e ke o eie Ol e
e Slact s o, Sl ) sl L oaS sl

&l

1.Afshar, M.H. 2012. Large Scale Reservoir Operation by Constrained Particle Swarm
Optimization Algorithms. Hydro-environment Research. 6: 75-87.

2.Afshar, M.H., and Moeini, R. 2008. Partially and Fully Constrained Ant Algorithms for the
Optimal Solution of Large Scale Reservoir Operation Problems. Water Resources
Management. 22: 1835-1857.

3.Afshar, A., Bozorg Haddad, O., Marino, M.A., and Adams, B.J. 2007. Honey-bee mating
optimization (HBMO) algorithm for optimal reservoir operation. J. Franklin Ins. 344: 452-462.

4.Afshar, M.H., Rezace Sangdehi, E., and Moeini, R. 2011. Optimal Reservoir Operation using
Deterministic Adaptive Refinement Mechanism for Ant Algorithm. J. Civil Engin. 23: 1. 65-84.
(In Persian)

5.Bashiri-Atrabi, H., Qaderi, K., Rheinheimer, D., and Sharifi, E. 2015. Application of
Harmony Search Algorithm to Reservoir Operation Optimization. Water Resources
Management. 29: 15. 5729-5748.

6.Bozorg Hadad, O., Afshar, A., and Marino, M.A. 2006. Honey-Bees Mating Optimization
(HBMO) Algorithm: A New Heuristic Approach for Water Resources Optimization. Water
Resources Management. 20: 661-680.

7.Chang, L., Chang, F.J., Wang, K.W., and Dai, S.Y. 2010. Constrained Genetic Algorithm for
Optimizing Multi-Use Reservoir Operation. J. Hydrol. 390: 66-74.

8.Choong, S.M., and El-Shafie, A. 2014. State-of-the-Art for Modelling Reservoir Inflows and
Management Optimization. Water Resources Management. 20: 1-16.

9.Ehteram, M., Karami, H., Mousavi, S.F., El-Shafie, A., and Amini, Z. 2017a. Optimizing dam
and reservoirs operation based model utilizing shark algorithm approach. Knowledge-Based
Systems. 122: 26-38.

10.Ehteram, M., Mousavi, S.F., Karami, H., Farzin, S., Emami, M., Binti Othman, F., Amini,
Z., Kisi, O., and El-Shafie, A. 2017b. Fast convergence optimization model for single and
multi-purposes reservoirs using hybrid algorithm. Advanced Engineering Informatics.
32: 287-298.

11.Esat, V., and Hall, M.J. 1994. Water resources system optimization using genetic algorithms.
Proc. 1* International Conference on Hydroinformatics. Balkema. Rotterdam. The Netherlands,
Pp: 225-231.

12.Hossain, M.S., and El-Shafie, A. 2014a. Evolutionary Techniques Versus Swarm
Intelligences: Application in Reservoir Release Optimization. Neural Computing and
Applications. 24: 1583-1594.

13.Hossain, M.S., and El-Shafie, A. 2014b. Performance Analysis of Artificial Bee Colony
(ABC) Algorithm in Optimizing Release Policy of Aswan High Dam. Neural Computing and
Applications. 24: 1199-1206.

"y



Ol)Ked g LSl 48 Ohblw 5L

14.Hosseini, S.S., Ghodousian, A., and Mansouri, M. 2013. Optimizing the size and shape of
two-dimensional w using the Charged System Search Algorithm. National Conference on
Mechanical Engineering of Iran. Shiraz University, Shiraz. (In Persian)

15.Hosseini-Moghari, M., and Banihabib, M.E. 2014. Optimizing Operation of Reservoir for
Agriculture Water Supply Using Firefly Algorithm. J. Water Soil Resour. Cons. 3: 17-31.
(In Persian)

16.Karami Mohamadi, R., and Kargar, H. 2013. Structural health monitoring and diagnosis of
steel bridge damage based on model information using the Charged System Search
Algorithm. Third International Conference on Acoustic and Vibration. Iran Acoustic and
Vibration Association. Khaje Nasir Tossi University of Technology, Tehran. (In Persian)

17.Kaveh, A., and Nasrollahi, A. 2014. Charged System Search and Particle Swarm
Optimization Hybridized for Optimal Design of Engineering Structures. Scientia Iranica A.
21:295-305.

18.Kaveh, A., and Nikaecen, M. 2013. Optimum Design of Irregular Grillage Systems
Using CSS and ECSS Algorithms with Different Boundary Conditions. Inter. J. Civil Engin.
11: 3. 143-153.

19.Kaveh, A., and Shokohi, F. 2014. Cost Optimization of Castellated Beams Using Charged
System Search Algorithm. Iran. J. Sci. Technol. Trans. Civil Engin. 38: 100. 235-249.

20.Kaveh, A., and Talatahari, S. 2010a. A Novel Heuristic Optimization Method: Charged
System Search. Acta Mechanica. 213: 3-4. 267-289.

21.Kaveh, A., and Talatahari, S. 2010b. A Charged System Search with a Fly to Boundary Method
for Discrete Optimum Design of Truss Structures. Asian J. Civil Engin. 11: 3. 277-293.

22 Kaveh, A., and Talatahari, S. 2010c. Charged System Search for Optimum Grillage System
Design Using the LRFD-AISC Code. J. Cons. Steel Res. 66: 6. 767-771.

23.Kaveh, A., and Talatahari, S. 2011. An Enhanced Charged System Search for Configuration
Optimization Using the Concept of Fields of Forces. Structural and Multidisciplinary
Optimization. 43: 339-351.

24 Kaveh, A., and Zolghadr, A. 2011. Shape and Size Optimization of Truss Structures with
Frequency Constraints Using Enhanced Charged System Search Algorithm. Asian J. Civil
Engin. 12: 4. 487-509.

25.Moeini, R., and Afshar, M.H. 2009. Application of an Ant Colony Optimization Algorithm
for Optimal Operation of Reservoirs: A Comparative Study of Three Proposed Formulations.
Scientia Iranica. 16: 4. 273-285.

26.Moeini, R., and Afshar, M.H. 2013. Extension of the Constrained Ant Colony Optimization
Algorithm for the Optimal Operation of Multi-reservoir Systems. J. Hydroinf. 15: 155-173.

27.Moeini, R., and Babaei, M. 2017. Constrained Improved Particle Swarm Optimization
Algorithm for Optimal Operation of Large Scale Reservoir: Proposing Three Approaches.
Evolving Systems. 8: 4. 287-301.

28.Moeini, R., Soltani-Nezhad, M., and Daei, M. 2017. Constrained Gravitational Search
Algorithm for Large Scale Reservoir Operation Optimization Problem. Engineering
Applications of Artificial Intelligence. 62: 222-233.

29.Mohamadi, M., and Mashayekhi, M. 2013. Optimization of the topology of double
layer bedspace structure using Charged System Search Algorithm. National Conference
on Applied Civil Engineering and Recent Achievement. Saze Kavir Company, Karaj.
(In Persian)

30.Norozi, B., Barani, Gh.A., Fatahihalghi, M., and Dehghani, A.A. 2013. A Multi-reservoir
System Operation Optimization Using Multi-population Genetic Algorithm, Case Study
Golestan and Voshmgir Reservoirs. J. Water Soil Cons. 18: 4. 43-62. (In Persian)

31.Rani, D., and Moreira, M.M. 2010. Simulation-Optimization Modeling: A Survey and
Potential Application in Reservoir Systems Operation. Water Resources Management.
24:1107-1138.

Yy



ITAY (1) o,lowd (Y0) s S g O Chlis s Widgis 4 pai

32.Reddy, M.J., and Kumar, D.N. 2006. Ant Colony Optimization for Multi-purpose Reservoir
Operation. Water Resources Management. 20: 879-889.

33.Rohami, H., and Javanmardi, R. 2013. Comparison of the performance of two algorithms of
the Charged System Search Algorithm and Genetic Algorithm for solving constrained
problems with continuous variables. First National Conference on Architecture, Restoration,
Urbanism and Sustainable Environment. Hegmatane Environment Evaluators Association,
Hamadan. (In Persian)

34.Saberi, M., and Kaveh, A. 2015. Damage Detection of Space Structures Using Charged
System Search Algorithm and Residual Force Method. Iran. J. Sci. Technol. Trans. Civil
Engin. 39: C2. 215-229.

35.Sayyafzadeh, M., Haghighi, M., Bolouri, K., and Arjomand, E. 2012. Reservoir
Characterisation Using Artificial Bee Colony Optimization. APPEA J. 52: 115-128.

36.Sheikholeslami, A., Kaveh, A., Tahershamsi, A., and Talatahari, S. 2014. Application of
Charged System Search Algorithm to Water Distribution Networks Optimization. Inter. J.
Optim. Civil Engin. 4: 1. 41-58.

37.Wang, K.W., Chang, L.C., and Chang, F.J. 2011. Multi-tier Interactive Genetic Algorithms
for the Optimization of Long-term Reservoir Operation. Advances in Water Resources.
34: 1343-1351.

38.Yasar, M. 2016. Optimization of Reservoir Operation Using Cuckoo Search Algorithm:
Example of Adiguzel Dam, Denizli, Turkey. Mathematical Problems in Engineering.
ID 1316038:1-7.

39.Zahedi, M.S., Hosseini, K.H., and Rahmani, A. 2011. Optimization of water supply network
using Charged System Search Algorithm. M.Sc. Thesis. Semnan University, Semnan.
(In Persian)

40.Zhang, J., Wu, Z., Cheng, C., and Zhang, S. 2011. Improved Particle Swarm Optimization
Algorithm for Multi-reservoir System Operation. Water Science and Engineering. 4: 1. 61-73.

g3



Gorgan University of Agricultural
Sciences and Natural Resources

J. of Water and Soil Conservation, Vol. 25(1), 2018
http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2017.12528.2723

Optimal operation of single-reservoir system of
Dez dam using Charged System Search Algorithm

T.S. Farahnakianl, *R. Moeini’ and S.F. Mousavi’
'M.Sc. Graduate, Dept. of Hydraulic Structure, Semnan University, *Assistant Prof., Dept. of Civil
Engineering, University of Isfahan, *Professor, Dept. of Hydraulic Structure, Semnan University
Received: 08/07/2017; Accepted: 02/04/2018

Abstract

Background and Objectives: Nowadays, water scarcity is a major challenge for our country, Iran.
Therefore, storage and optimal operation of limited resources, including water stored in dams'
reservoirs, is one of the issues of interest for researchers in the field of water resources. In this paper,
optimization of single-reservoir operation problem is solved by using one of the newest heuristic
algorithms, named Charged System Search algorithm. Generally, this algorithm is based on the
electrostatics laws to determine the quantity of resultant force. Kaveh and Talatahari (2010a)
proposed this algorithm for the first time and examined its capabilities for solving engineering
problems and sample functions. Results showed that the algorithm has good performance. Therefore,
its use for solving engineering optimization problems is recommended. However, a review of
literature shows that using of this algorithm is very limited in the field of water resources
engineering.

Materials and Methods: In this paper, the simple and hydropower operation of Dez Reservoir, over
5 and 20 years of operation period are solved using the proposed algorithm. In order to solve these
problems, two different formulations are proposed considering water release or storage volume as
decision variables of the problem in the first and second formulations, respectively and the results
are compared to other available methods.

Results: Comparison of the results shows the capability of the proposed algorithm, in which the
results of first formulation are better than the second one’s. In other words, the results of first
formulation for solving simple operation problem over 5 and 20 years are reduced by 11.29% and
16.69% in comparison with the results of second formulation and also the results are improved by
20.06% and 37.66% using the first formulation for solving hydropower problem. Furthermore, the
results of the proposed algorithm for solving simple operation problem over 5 and 20 years are
reduced by 33.64% and 74.97% in comparison with the results of Particle Swarm Optimization
algorithm and also the results of using the proposed algorithm for solving hydropower problem are
improved by 6.53% and 41.48%. In addition, the results of the proposed algorithm for solving
simple operation problems over 5 and 20 years are reduced by 7.79% and 35.59% in comparison
with the results of Genetic Algorithm and also the results of using proposed algorithm for solving
hydropower problem are improved by 11.32% and 67.43%.

Conclusion: Investigating these results with the results obtained by using other existing algorithms
indicates a better performance of the Charged System Search algorithm for solving the reservoir
operation optimization problem. According to these results, the use of this algorithm is
recommended for solving other problems in the field of water engineering.
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