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Today, healthy drinking water has become an impor-
tant problem in many countries around the world.
Therefore, the United Nations considers attention
to this issue a necessity for achieving the Sustaina-
ble Development Goals. Although, currently, various
physical, chemical, and biological methods are used
to purify water in many parts of the world, however,
the use of easy, cheap, and efficient methods has
a special priority in developing countries. Today,
one of the most efficient and cheapest methods to
achieve high-quality water is to promote the use of
slow sand filters (SSF), which have been developed
in a way inspired by nature. The present study was
conducted with the aim of investigating the differ-
ent aspects of using this method and its efficiency
in water purification. The literature review showed
that designing simple, low-cost, and effective sand
filtration systems, especially in rural areas without
access to advanced water purification equipment,
is a key challenge. Given this information, sand fil-
tration can be used as a nature-based approach for
water purification in various countries, especially
developing and less developed countries.

Keywords: Sand Filters, Water Treatment, Bacteria,
Viruses, Developing Countries.
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Microbial disinfection of water involves the inactivation
or removal of pathogenic microorganisms. Conventional
methods for microbial water disinfection include chemical
oxidation using various oxidants such as chlorine, chlo-
rine dioxide, chloramine, and ozone, as well as ultraviolet
radiation. Among these, advanced oxidation and photo-
catalytic disinfection using semiconductor nanomaterials
have emerged as a novel approach for eliminating patho-
genic bacteria from aqueous solutions. This study aims to
investigate the photocatalytic removal of Escherichia coli
(E.coli) bacteria using a graphitic carbon nitride photocat-
alyst synthesized from melamine as a precursor. The syn-
thesis of the photocatalyst was confirmed through X-ray
diffraction (XRD), Brunauer-Emmett-Teller (BET) surface
area analysis, Fourier-transform infrared spectroscopy
(FTIR), photoluminescence (PL) spectroscopy, diffuse re-
flectance spectroscopy (DRS), and field emission scanning
electron microscopy (FE-SEM). To evaluate the antibac-
terial performance of the synthesized photocatalysts, the
disk diffusion assay and the determination of bacterial via-
bility on solid media after the photocatalytic process were
employed. The results demonstrated that the synthesized
photocatalysts exhibited excellent removal efficiency
against E.coli under visible light irradiation. Among them,
graphitic carbon nitride synthesized at a temperature of
550°C and a nitrogen gas flow rate of 20 mL/min (CN-20)
achieved complete removal of E.coli with an initial con-
centration of 10°7 CFU/mL within 4.5 hours under visible
light irradiation.

Keywords: Graphitic Carbon Nitride, Photocatalyst, Disin-
fection, Escherichia Coli, Visible Light.
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Today, microplastics are considered an emerging pollutant due to
their high stability in the environment and inherent toxicity, making
them a significant global concern, particularly in soil and ground-
water. Living organisms can easily ingest microplastics, leading to
bioaccumulation and causing acute and chronic harm, as well as
carcinogenicity, developmental problems, and genotoxicity.. The
stability and biological dose of microplastics are important factors
that play an important role in their toxicity and risk level. Micro-
plastics enter the soil and groundwater environment from various
sources, including the atmosphere, interactions with surface water
bodies, urban infrastructure, or agricultural soils. Studies show that
mechanical, physical, chemical, and biological transport processes
can influence the dynamics and behavior of microplastics in the
soil and groundwater environments. Due to their hydrophobic na-
ture, high adsorption capacity, and large surface area, microplastics
act as adsorbents and activators of other pollutants, leading to the
proliferation of contamination. Therefore, the remediation of con-
taminated resources is essential for protecting the ecosystem and
human health using innovative materials and technologies. Nano-
technology plays a significant role as a comprehensive approach in
three areas: absorption, membrane processes, and photocatalytic
degradation of microplastics. In addition to contaminated envi-
ronment reclamation, a sustainable approach to reducing, reus-
ing, and recycling plastic waste is necessary. Strategies to manage
microplastic pollution in groundwater require a holistic approach
that includes legislation, stakeholder engagement, research, and
awareness-raising in developed and developing countries, with an
emphasis on reducing microplastics at the source, improving waste
management, and promoting responsible use of plastics.

Keywords: Microplastic, Fate, Groundwater, Treatment, Nano-
technology.
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Microplastic (MP)

. High surface area

. Co-transport behaviors

. Persistent organic pollutants

. Reverse osmosis

. Nanofiltration
Ultrafiltration

. Microfiltration
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. Advanced Oxidation Processes

10. Extended Producer Responsibility

11. Registration, Evaluation, Authorization, and Restriction
of Chemicals

12. Sustainable Development Goals

Sl dsuwgi g o dopis

b oSS it 1) (e ) O pimcmsgST Jola g 09
gy 5 Sy S oz i JUl Sy
daly b ollen Olpnid (e slaol cojye b
o (Sud el Slojen Sl dapanil)ls S
Sl gy @ ks (2Bly bauzme 3 (603 S LT g
oSty S S,25 (s036lS slo Sy Js 4 8,0
sl 5 S o Jolme slooataVT 1 iy ol (Seos
O3l 5 JB a5 oSy ,See cazens 5o 0l (o) 0
JUs] claylis,  ablgs e i e 5 JT clooaiVT
soie g 9518 ST 6051 5em aolb 5o I leeaoT ple
5 CSiidly See Bio ol ply gl Sogll (5,58 &
el 53900 9 p3Y BT 058l slosely 5l s Ssl>

Sl o) )0 grion s9LS SO Olgie 4 ((SieleiSSel
gl adial slould sl zrbhe OF gl 1 o Sogll
09,5 w33 b (5)9Ld 3l ooliiw] b lacSiwdlyg Scue a4 034)
Higd o gaipaib U0 5 olie slogyld (oda
9 slodele ublon Slsegils 5l eslitul b iz il
gy sazme ool 5 2L5L s 4 g a slgegil
S eolainl b (wdBs5s8 oy oyls )8 azgi 550
08 @i Gl b Lol JJs 4 beean JUBL
b oSl (iol38l g 0 ae 5l g 2SI g3lwlaz Seue
Dl 6L (LS BBl 508 4 Cus 0l
9 b Y g Gunyile o LSgl b oads 2ol slalie
2 shlS slocd iy ool ead (g iSUI BLIgE
05 1z ol o ol 1 Sty Sene i ai]b
Wel8 gilolaz g 5Ll Gialibl g Lid g, (alS el
Ll 5o b (535L8 ) 352l el baSicidlyg Sere
(g igas o ile osuzn Cole 4 azgil « Sooll molie
pY gyl cople g Sy See s ,S0T coale
dhual Ghyy s3lwdslailinl g B 9T b gilwdings col
5 o)y Sl j5b ay (2Blg digel 4o

w039)] oo arial de) )5 oad ploxil slacsd iy 929 L
DS o 4 plansST s o] zead 5 loSiiwdlg Sy
Yool S ol s oo 0055 logzrgo gl ,G1 b i
J Gl cwl Al i sl has Az
WS Lyl 1y IS ailpSiten @lalad] glyli8 el 3]
Ceodw g Sy uzmo p Jlol Glous 4 i ol ()
b i U olgee 1) Sy Sow ol walss ol
Sotadly 1 sazme oaliinl b Siwdly Bjune (3,5 Sgae
ALl 2l 0,8 Copse Sogdl ghw SialS ol

VoF olaoloys . Jgloylauis . pasjlgo Juw |~ WA




Obl 25 dlome . T slapinnwsST s T LtalS slo )l 5
https://fcsj.areeo.ac.ir/arti- .¥7-YV (Y)V ;5> by
cle_130156.html

WlaSk 5 (ledeme waly Sl e aiinls M (2 lpe
Py o) 53 Sdysy Cedigims g S L(F ) (a5 e
http://joc.inio.ac.ir/ .#0-0F (FANY ( wlis wgldl Lo
article-1-1594-fa.html

2lio

.

s OF) S8 seme (Sluls g wlzse (S Ve
2 sl Ol il g alin 59 y5abgs 00Vl lsie a S isdyg Sore
VLD cnajbresme (53508 5 Gidody 5990 axdllae Ll (55,

https: //dorl.net /dor /20.1001.1.26763060.1401.7.11.2.2 .¥$
(b 5 b ((Sole Dl (aimag (Lo el lilad
Sty Sere anmee s Ol blis § (Sagll (1F41) w909

Alimi, O. S., Farner Budarz, J., Hernandez, L. M., & Tufenkj,
N. (2018). Microplastics and nanoplastics in aquatic envi-
ronments: aggregation, deposition, and enhanced contam-
inant transport. Environmental Science and Technology,
52, 1704-1724. https: //doi.org /10.1021 /acs.est.7b05559

All'e, P. H., Garcia-Mu™noz, P., Adouby, K., Keller, N., &
Robert, D. (2021). Efficient photocatalytic mineralization

of polymethylmethacrylate and polystyrene nanoplastics
by TiO2 /B-SiC alveolar foams. Environmental Chemistry
Letters, 19, 1803-1808. https://doi.org /10.1007 /s10311-
020-01099-2

Arenas, L. R., Gentile, S. R., Zimmermann, S., & Stoll,
S. (2021). Nanoplastics adsorption and removal ef-
ficiency by granular activated carbon used in drink-
ing water treatment process. Science of the Total
Environment, 791,148175. https://doi.org/10.1016 /j.sci-
totenv.2021.148175

Ariza-Tarazona, M. C., Villarreal-Chiu, J. F., Barbieri, V.,
Siligardi, C., & Cedillo-Gonz’alez, E. I. (2019). New strat-

egy for microplastic degradation: green photocatalysis

using a protein-based porous N-TiO2 semiconductor.
Ceramics Internationals, 45, 9618-9624. https://doi.
org/10.1016 /j.ceramint.2018.10.208

Bao, K., Jiang, H., Su, P., Lu, P., & Yan, Z. (2023). Verti-

cal profiles of microplastics in the hyporheic zone sedi-
ment: a case study in the Yangtze River. Nanjing Section.
Sustainability, 15 (10), 7895. https://doi.org/10.3390
sul5107895

Barchiesi, M., Chiavola, A., Di Marcantonio, C., & Boni,

M. R. (2020). Presence and fate of microplastics in the
water sources: focus on the role of wastewater and
drinking water treatment plants. Journal of Water Pro-

cess Engineering, 40, 101787. https://doi.org /10.1016 /j.

jwpe.2020.101787
Bridson, J. H., Gaugler, E. C., Smith, D. A., Northcott,
G. L., & Gaw, S. (2021). Leaching and extraction of ad-

ditives from plastic pollution to inform environmental

risk: a multidisciplinary review of analytical approaches.

wva \Fo¥ olaolays . Jol oylacis . p20jlgo Jluw

Journal of Hazardous Materials, 414, 125571. https://doi.
org /10.1016 /j.jhazmat.2021.125571
Calero, M., Godoy, V., Quesada, L., & Martin-Lara, M.

A. (2021). Green strategies for microplastics reduction.

Current Opinion in Green and Sustainable Chemistry, 28,
100442. https: / /doi.org/10.1016 /j.cogsc.2020.100442
Cheriyamundath, S., & Sirisha, V. L. (2021). Nanotechnolo-
gy-based wastewater treatment. Water and Environment
Journal, 35 (1), 123-132. https://doi.org /10.1111 /we].12610
Chia, R. W, Lee, J.-Y., Kim, H., & Jang, J. (2021). Micro-
plastic pollution in soil and groundwater: a review. Envi-
ronmental Chemistry Letters, 19 (6), 4211-4224. https://
doi.org /10.1007/s10311-021-01297-6

Cohen, N., & Radian, A. (2022). Microplastic textile fibers

accumulate in sand and are potential sources of micro

(nano) plastic pollution. Environmental Science of Tech-
nology, 56 (24), 17635-17642. https://doi.org/10.1021
acs.est.2c05026

Connon, R., Dewhurst, R. E., Crane, M., & Callaghan, A.

(2003). Haem peroxidase activity in Daphnia magna: a bi-
omarker for sub-lethal toxicity assessments of kerosene-
contaminated groundwater. Ecotoxicology, 12, 387-395.
https://doi.org/10.1023 /A:1026195621777

Dalmau-Soler, J., Ballesteros-Cano, R., aR Boleda, M.,
Paraira, M., Ferrer, N., & Lacorte, S. (2021). Microplastics
from headwaters to tap water: occurrence and removal
in a drinking water treatment plant in Barcelona Metro-
politan area (Catalonia, NE Spain). Environmental Science
and Pollution Research, 28, 59462-59472. https://doi.
org/10.1007 /s11356-021-13220-1

Das, J., Yadav, E., & Poluri, K. M. (2024). A Review on the

Role of Nanotechnological Interventions in Sequestra-

tion, Mitigation and Value-added Product Conversion of
Micro/Nano Plastics. Environmental Science: Nano, 12,
189-218. https://doi.org/10.1039 /D4EN00267A

Diggle, A., & Walker, T. R. (2020). Implementation of

harmonized Extended Producer Responsibility strat-

egies to incentivize recovery of single-use plastic




Sl dsuwgi g o dopis

packaging waste in Canada. Waste Management, 110,
20-23. https://doi.org/10.1016 /j.wasman.2020.05.013
Ding, R., Dong, Y., Ouyang, Z., Zuo, X., Zhang, Y., & Guo, X.

(2023). Reducing uncertainty and confronting ignorance

about the potential impacts of microplastic on animals: A
critical review. TrAC Trends in Analytical Chemistry,171,
117484. https://doi.org /10.1016 /j.trac.2023.117484

Dominguez-Jaimes, L. P., Cedillo-Gonz'alez, E.

I, Lu’evano-Hip'olito, E., Acu'na-Bedoya, J. D., &
Hern’andez-L'opez, J. M. (2021). Degradation of primary
nanoplastics by photocatalysis using different anodized
TiO2 structures. Journal of Hazardous Materials, 413,
125254. https://doi.org /10.1016 /j.jhazmat.2021.125452

Dong, S., Yu, Z., Huang, J., & Gao, B. (2022). Fate and

transport of microplastics in soils and groundwater. In
Emerging Contaminants in Soil and Groundwater Sys-
tems, Chapter 9 (pp. 301-329). Elsevier Inc. Department
of Agricultural and Biological Engineering, University
of Florida, Gainesville, FL, United States. https://doi.
org/10.1016 /B978-0-12-824088-5.00001-X

Esfandiari, A., Abbasi, S., Peely, A. B., Mowla, D., Ghan-
barian, M. A., Oleszczuk, P., & Turner, A. (2022). Distribu-

tion and transport of microplastics in groundwater (Shi-

raz aquifer, southwest Iran). Water research, 220, 118622.
https://doi.org /10.1016 /j.watres.2022.118622

Fahrenfeld, N., Arbuckle-Keil, G., Beni, N. N., & Bar-
telt-Hunt, S. L. (2019). Source tracking microplastics in

the freshwater environment. TrAC Trends in Analyti-
cal Chemistry, 112, 248-254. https://doi.org/10.1016 /j.
trac.2018.11.030

Fryczkowska, B., & Przywara, L. (2021). Removal of mi-

croplastics from industrial wastewater utilizing an ultra-
filtration composite membrane rGO/PAN application,
desalination. Water treatment, 214, 252-262. https://
doi.org/10.5004 /dwt.2021.26665

Fu, D., Chen, C. M., Qi, H,, Fan, Z., Wang, Z., Peng, L., & Li,

B. (2020). Occurrences and distribution of microplastic

pollution and the control measures in China. Marine Pol-
lution Bulletin, 153, 110963. https://doi.org/10.1016 /j.
marpolbul.2020.110963

Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production,

use, and fate of all plastics ever made. Science Advances,
3(7), 2375-2548. https://doi.org /10.1126 /sciadv.1700782

Gnanasekaran, G., Arthanareeswaran, G., & Sun Mok, Y.

(2021). A high-flux metal-organic framework membrane
(PSF/MIL-100 (Fe)) for the removal of microplastics
adsorbing dye contaminants from textile wastewater.

Separation and Purification Technology, 277, 119655. htt-

ps://doi.org /10.1016 /j.seppur.2021.119655
Grbic, J., Nguyen, B., Guo, E., You, J. B., Sinton, D., &

Rochman, C. M. (2019). Magnetic extraction of micro-

plastics from environmental samples. Environmental
Science & Technology Letters, 6 68-72. https://doi.
org/10.1021/acs.estlett.8b00671

Gui, X., Ren, Z., Xu, X., Chen, X., Chen, M., Wei, Y.,
Zhao, L., Qiu, H., Gao, B., & Cao, X. (2022). Dispersion

and transport of microplastics in three water-saturat-

ed coastal soils. Journal of Hazardous Matereials, 424,
127614. https://doi.org /10.1016 /j.jhazmat.2021.127614
Guo, J.-J., Huang, X.-P., Xiang, L., Wang, Y.-Z., Li, Y.-
W., Li, H., Cai, Q.-Y., Mo, C.-H., & Wong, M.-H. (2020).
Source, migration and toxicology of microplastics in soil.
Environment international, 137, 105263. https://doi.
org/10.1016 /j.envint.2019.105263

Hanif, M. A., Ibrahim, N., Dahalan, F. A., Ali, U. F. M.,
Hasan, M., & Jalil, A. A. (2022). Microplastics and nano-

plastics: recent literature studies and patents on their

removal from aqueous environment. Science of the Total
Environment, 810, 152115. https://doi.org /10.1016 /j.sci-
totenv.2021.152115

Huang, D., Wang, X., Yin, L., Chen, S., Tao, J., Zhou, W.,
Chen, H., Zhang, G., & Xiao, R. (2022). Research progress

of microplastics in soil-plant system: ecological effects

and potential risks. Science of the Total Environment, 812,
151487. https://doi.org /10.1016 /j.scitotenv.2021.151487
Huang, J., Chen, H., Zheng, Y., Yang, Y., Zhang, Y., & Gao,

B. (2021). Microplastic pollution in soils and groundwa-

ter: Characteristics, analytical methods and impacts.
Chemical Engineering Journal, 425, 131870. https://doi.
org /10.1016 /j.cej.2021.131870

Huffer, T., Praetorius, A., Wagner, S., Von der Kammer,

F., & Hofmann, T. (2017). Microplastic exposure assess-
ment in aquatic environments: learning from similarities.
Environmental Science and Technollogy, 51, 2499-2507.
https://doi.org/10.1021 /acs.est.6b04054

Igalavithana, A. D., Mahagamage, M. G. Y., Gajanayake,
P., Abeynayaka, A., Gamaralalage, P. J. D., Ohgaki, M.,
Takenaka, M., Fukai, T., & Itsubo, N. (2022). Microplas-

tics and potentially toxic elements: potential human

exposure pathways through agricultural lands and pol-
icy based countermeasures. Microplastics, 1(1), 102-120.
https://doi.org /10.3390 /microplastics1010007

Islam, M. S., Lee, Z., Shaleh, A., & Soo, H. S. (2024).

The United Nations Environment Assembly resolution

to end plastic pollution: Challenges to effective policy

interventions. Environment, Development and Sustain-

VEoF ola oloys . Jgl oylasids . @20jlgo Jlw fo




ability, 26(5), 10927-10944. https:
s10668-023-03639-6
Kang, J., Zhou, L., Duan, X., Sun, H., Ao, Z., & Wang, S.

(2019). Degradation of cosmetic microplastics via func-

doi.org/10.1007

tionalized carbon nanosprings. Matter, 1, 745-758.

Kida, M., & Koszelnik, P. (2021). Investigation of the
presence and possible migration from microplastics of
phthalic acid esters and polycyclic aromatic hydrocar-
bons. Journal of Polymers and the Environment, 29(2),
599-611. https://doi.org /10.1007 /s10924-020-01899-1
Klein, M., & Fischer, E. K. (2019). Microplastic abundance

in atmospheric deposition within the metropolitan area of

Hamburg, Germany. Science of The Total Environment 685,
96-103. https://doi.org /10.1016 /j.scitotenv.2019.05.405

Kreyling, W. G., Semmler-Behnke, M., Seitz, J., Scymc-
zak, W., Wenk, A., Mayer, P., Takenaka, S., & Oberdérst-
er, G. (2009). Size dependence of the translocation of

inhaled iridium and carbon nanoparticle aggregates
from the lung of rats to the blood and secondary target
organs. Inhalation toxicology, 21(supl), 55-60. https://
doi.org/10.1080 /08958370902942517

Kumar, R., Sharma, P., Manna, C., & Jain, M. (2021). Abun-

dance, interaction, ingestion, ecological concerns, and

mitigation policies of microplastic pollution in riverine
ecosystem: a review. Sci. Total Environ., 782, 146695.
https://doi.org /10.1016 /j.scitotenv.2021.146695

Larue, C., Sarret, G., Castillo-Michel, H., & PradasdelReal,

A. E. (2021). A critical review on the impacts of nanoplas-

tics and microplastics on aquatic and terrestrial photo-
synthetic organisms. Small 17 (20), 2005834. https://doi.
org/10.1002 /smll.202005834

Laxman, K., AIRashdi, M., AlSabahi, J., AlAbri, M., & Dutta,

J. (2017). Supported versus colloidal zinc oxide for ad-

vanced oxidation processes. Applied Surface Science, 411,
285-290. https://doi.org/10.1016 /j.apsusc.2017.03.139

Li, M., Zhang, M., Rong, H., Zhang, H., L., Han, P., &
Tong, M. (2021a). Transport and deposition of plastic

particles in porous media during seawater intrusion and
groundwater-seawater displacement processes. Sci-
ence of the Total Environment, 781, 146752. https: //doi.
org /10.1016 /j.scitotenv.2021.146752

Li, J., Wang, B., Chen, Z., Ma, B., & Chen, J. P. (2021b). Ul-

trafiltration membrane fouling by microplastics with raw

water: behaviors and alleviation methods. Chemical En-

gineering Journal, 410, 128174. https://doi.org /10.1016 /j.
cej.2020.128174
Li, W., Zu, B., Yang, Q., Guo, J., & Li, J. (2023). Sources,

distribution, and environmental effects of microplastics:

¥ \Fo¥ olaolays . Jol oylacis . p20jlgo Jluw

a systematic review. RSC Advances, 13 (23), 15566-15574.
https:/ /doi.org /10.1039 /D3RA02169F

Li, F., Huang, D., Wang, G., Cheng, M., Chen, H., Zhou, W.,
Xiao, R., Li, R., Dy, L., & Xu, W. (2024). Microplastics/na-

noplastics in porous media: Key factors controlling their

transport and retention behaviors Science of the Total
Environment, 926, 171658. https: //doi.org /10.1016 /j.sci-
totenv.2024.171658

Liu, K., Wang, X., Fang, T., Xu, P., Zhu, L., & Li, D. (2019).

Source and potential risk assessment of suspended at-

mospheric microplastics in Shanghai. Science of the Total
Environment, 675, 462-471. https://doi.org/10.1016 /j.
scitotenv.2019.04.110

Liu, W., Zhang, J., Liu, H., Guo, X., Zhang, X., Yao, X., Cao,
Z., & Zhang, T. (2021). A review of the removal of micro-

plastics in global wastewater treatment plants: character-
istics and mechanisms. Environment International, 146,
106277. https:/ /doi.org /10.1016 /j.envint.2020.106277

Liu, Y.-c., Wu, L., Shi, G.-w., Cao, S.-w., & Li, Y.-s.

(2022a). Characteristics and sources of microplastic pol-

lution in the water and sediments of the Jinjiang River
Basin, Fujian Province, China. China Geology, 5 (3), 429~
438. https://doi.org /10.31035 /cg2022051

Liu, Q., Chen, Y., Chen, Z., Yang, F., Xie, Y., & Yao, W.

(2022b). Current status of microplastics and nanoplastics

removal methods: Summary, comparison and prospect.
Science of the total environment, 851, 157991. https://
doi.org /10.1016 /j.scitotenv.2022.157991

Liu, Q., Liu, L., Huang, J., Gu, L., Sun, Y., Zhang, L., Lyu,
K., & Yang, Z. (2022c). The response of life history de-

fense of cladocerans under predation risk varies with the
size and concentration of microplastics. Journal of Haz-
ardous Materials, 427, 127913. https://doi.org /10.1016 /j.
jhazmat.2021.127913

Llorente-Garcia, B. E., Hern'andez-L'opez, J. M., Zaldi-
var-Cadena, A. A., Siligardi, C., & Cedillo-Gonz'alez, E.
I. (2020). First insights into photocatalytic degradation
of HDPE and LDPE microplastics by a mesoporous N-
TiO2 coating: effect of size and shape of microplastics.
Coatings, 10(7), 658. https://doi.org/10.3390/coat-
ings10070658

Ma, B., Xue, W., Ding, Y., Hu, C., Liu, H., & Qu, J. (2019).

Removal characteristics of microplastics by fe-based co-

agulants during drinking water treatment. Environmen-
tal Science: Advances journal, 78, 267-275. https://doi.
org /10.1016 /j.jes.2018.10.006

Mishra, A. K., Singh, J., & Mishra, P. P. (2021). Microplas-

tics in polar regions: an early warning to the world’s pris-




Sl dsuwgi g o dopis

tine ecosystem. Science of the Total Environment, 784,
147149. https://doi.org /10.1016 /j.scitotenv.2021.147149

Misra, A., Zambrzycki, C., Kloker, G., Kotyrba, A., An-
jass, M. H., Franco Castillo, 1., Mitchell, S. G., Guttel, R.,
& Streb, C. (2020). Water purification and microplastics

removal using magnetic polyoxometalate-supported
ionic liquid phases (magPOM-SILPs). Angewandte Che-
mie - International Edition, 59, 1601-1605. https://doi.
org/10.1002 /anie.201912111

Moteallemi, A., Dehghani, M. H., Momeniha, F., & Azizi,

S. (2024). Nanoplastics as emerging contaminants: A sys-

tematic review of analytical processes, removal strate-
gies from water environments, challenges and perspec-
tive. Microchemical Journal, 207, 111884. https://doi.
org/10.1016 /j.microc.2024.111884

Mousazadehgavan, M., Khademi, S., Naeini, A. M,
Yoosefdoost, 1., Vashisht, V., Hashemi, M., Manouchehri,
M., & Hashim, K. (2024). Fate of micro-and nanoplastics

in water bodies: A critical review of current challenges,
the next generation of advanced treatment techniques
and removal mechanisms with a special focus on storm-
water. Journal of Water Process Engineering, 67, 106159.
https://doi.org /10.1016 /j.jwpe.2024.106159

Natesan, U., Vaikunth, R., Kumar, P., Ruthra, R., & Srini-

vasaluy, S. (2021). Spatial distribution of microplastic con-
centration around landfill sites and its potential risk on
groundwater. Chemosphere, 277, 130263. https://doi.
org/10.1016 /j.chemosphere.2021.130263

Ni, B.-J., Zhu, Z.-R., Li, W.-H., Yan, X., Wei, W,, Xu, Q.,
Xia, Z., Dai, X., & Sun, J. (2020). Microplastics mitiga-

tion in sewage sludge through pyrolysis: the role of py-
rolysis temperature. Environmental science & technol-
ogy letters, 7(12), 961-967. https://doi.org/10.1021/acs.
estlett.0c00740

Nizzetto, L., Futter, M., & Langaas, S. (2016). Are agri-

cultural soils dumps for microplastics of urban origin?
Environmetal Science and Technollogy, 50, 10777-10779.
https://doi.org /10.1021 /acs.est.6b04140

O’Connor, D., Pan, S., Shen, Z., Song, Y., Jin, Y., Wu, W.
M., & Hou, D. (2019). Microplastics undergo accelerat-

ed vertical migration in sand soil due to small size and
wet-dry cycles. Environmental Pollution 249, 527-534.
https://doi.org/10.1016 /j.envpol.2019.03.092

O'Kelly, B. C., El-Zein, A., Liu, X., Patel, A, Fei, X., Sharma,
S., Mohammad, A., Goli, V. S. N. S,, Wang, J. J., Li, D.,

& etal. (2021). Microplastics in soils: An environmental

geotechnics perspective. Environmental Geotechnics, 8,
586-618. https://doi.org /10.1680 /jenge.20.00179

O'Kelly, B. C., Pantos, O., Weaver, L., Sarris, T. S., Goli, V. S.
N. S., Mohammad, A., Singh, P., & Singh, D. N. (2022). Fate
and impact of nano/microplastic in the geoenvironment—
ecotoxicological perspective. Environmental Geotechnics,
11(4), 293-306. https: //doi.org /10.1680 /jenge.22.00053

Ouda, M., Banat, F., Hasan, S. W., & Karanikolos, G. N.

(2023). Recent advances on nanotechnology-driven

strategies for remediation of microplastics and nanoplas-
tics from aqueous environments Journal of Water Pro-
cess Engineering, 52, 103543. https://doi.org/10.1016 /j.
jwpe.2023.103543Get rights and content

Goh, P.S., Kang, H.S., Ismail, A.F., Khor, W.H., Quen, L.K.

& Higgins. D. (2022). Nanomaterials for microplastic re-

mediation from aquatic environment: Why nano matters?
Chemosphere, 299, 134418. https://doi.org/10.1016 /j.
chemosphere.2022.134418

Paco, A., Jacinto, J., da Costa, J. P., Santos, P. S., Vitorino,
R., Duarte, A. C., & Rocha-Santos, T. (2019). Biotechno-
logical tools for the effective management of plastics in
the environment. Critical Reviews in Environmental Sci-
ence and Technology, 49(5), 410-441. https:
.1080,/10643389.2018.1548862

Park, E.-J., Han, J.-S., Park, E.-J., Seong, E., Lee, G.-H.,
Kim, D.-W., Son, H.-Y., Han, H.-Y., & Lee, B.-S. (2020).

Repeated-oral dose toxicity of polyethylene microplas-

doi.org/10

tics and the possible implications on reproduction and
development of the next generation. Toxicology letters,
324, 75-85. https://doi.org /10.1016 /j.toxlet.2020.01.008

Pasalari, H., Farzadkia, M., Gholami, M., & Emamjomeh,
M. M. (2019). Management of landfill leachate in Iran:
valorization, characteristics, and environmental ap-
proaches. Environmental Chemistry Letters, 17, 335-348.
https://doi.org /10.1007 /s10311-018-0804-x

Pathak, G. (2023). Plastic politics: industry stakeholders
and the navigation of plastic control policy in India. En-
vironmental Politics, 32(1), 135-156. https://doi.org /10.1
080,/09644016.2021.2025301

Petersen, F., & Hubbart, J. A. (2021). The occurrence and
transport of microplastics: the state of the science. Sci-
ence of the Total Environment, 758, 143936. https://doi.
org /10.1016 /j.scitotenv.2020.143936

Picé, Y., & Barcelo, D. (2019). Analysis and prevention of

microplastics pollution in water: current perspectives
and future directions. ACS omega, 4(4), 6709-6719. htt-
ps://doi.org /10.1021 /acsomega.9b00222

Powell, J. J., Faria, N., Thomas-McKay, E., & Pele, L. C.
(2010). Origin and fate of dietary nanoparticles and mi-

croparticles in the gastrointestinal tract. Journal of au-

YoF olaolays . Jgloylauis . pasjlgo Juw | FY




toimmunity, 34(3), J226-J233. https://doi.org/10.1016 /.

jaut.2009.11.006
Prajapati, A., NarayanVaidya, A., & Kumar, A. R. (2022).

Microplastic properties and their interaction with hydro-
phobic organic contaminants: a review. Environmental
Science and Pollutuion Research, 29 (33), 49490-49512.
https://doi.org/10.1007 /s11356-022-20723-y

Qi, K., Cheng, B., Yu, J., & Ho, W. (2017). Review on the

improvement of the photocatalytic and antibacterial ac-

tivities of ZnO. Journal of Alloys and Compounds, 727,
792-820.

Rashid, R., Shafiq, I., Akhter, P., Igbal, M. J., & Hussain,
M. (2021). A state-of-the-art review on wastewater
treatment techniques: the effectiveness of adsorption
method. Environmental Science and Pollution Re-
search, 28, 9050-9066. https://doi.org/10.1016 /j.jall-
com.2017.08.142

Ray, S. S., Lee, H. K., Huyen, D. T. T., Chen, S.-S., & Kwon,

Y.-N. (2022). Microplastics waste in environment: A per-

spective on recycling issues from PPE kits and face masks
during the COVID-19 pandemic. Environmental Technol-
ogy & Innovation, 26, 102290. https://doi.org /10.1016 /].
€ti.2022.102290

Re, V. (2019). Shedding light on the invisible: addressing

the potential for groundwater contamination by plastic

microfibers. Hydrogeology Journal, 27(7), 2719-2727. htt-
ps://doi.org/10.1007/s10040-019-01998-x
Ren, Z., Gui, X., Xu, X., Zhao, L., Qiu, H., & Cao, X. (2021).

Microplastics in the soil-groundwater environment: Ag-

ing, migration, and co-transport of contaminants - A
critical review. Journal of Hazardous Materials, 419,
126455. https://doi.org /10.1016 /j.jhazmat.2021.126455

Rius-Ayra, O., Bouhnouf-Riahi, O., & Llorca-Isern, N.

(2020). Superhydrophobic and sustainable nanostruc-
tured powdered iron for the efficient separation of oil-
inwater emulsions and the capture of microplastics. ACS
Applied Materials & Interfaces Journal 12, 45629-45640.
https://doi.org /10.1021 /acsami.0c13876

Rizvi, N. B., Sarwar, A., Waheed, S., Igbal, Z. F., Imran, M.,
Javaid, A., Kim, T. H., & Khan, M. S. (2024). Nano-based

remediation strategies for micro and nanoplastic pollu-

tion: A review. Journal of Contaminant Hydrology, 245,
104380. https://doi.org /10.1016 /j.jconhyd.2024.104380
Salahshoor, Z., Shahbazi, A., & Maddabh, S. (2021). Magnet-

ic field-influenced nanofiltration membrane blended by

CS-EDTA-mGO as multi-functionality green modifier to
enhance nanofiltration performance, efficient removal of

Na2S04,/Pb2+/RR195 and cyclic wastewater treatment.

WV \Fo¥ olaolays . Jol oylacis . p20jlgo Jluw

Chemosphere, 278, 130379. https://doi.org/10.1016 /j.
chemosphere.2021.130379
Salahshoor, Z., Shahbazi, A., & Koutahzadeh, N. (2022).

Developing a novel nitrogen-doped hollow porous car-

bon sphere (N-HPCS) blended nanofiltration membrane
with superior water permeance characteristic for high
saline and colored wastewaters treatment. Chemical En-
gineering Journal, 431, 134068. https://doi.org /10.1016 /j.
cej.2021.134068

Shi, J., Dong, Y., Shi, Y., Yin, T., He, W., An, T.,... & Lin,

H. (2022). Groundwater antibiotics and microplastics in

a drinking-water source area, northern China: Occur-
rence, spatial distribution, risk assessment, and correla-
tion. Environmental Research, 210, 112855. https://doi.
org/10.1016 /j.envres.2022.112855

Shruti, V. C., & Kutralam-Muniasamy, G. (2023). Blanks

and bias in microplastic research: Implications for fu-

ture quality assurance. Trends in Environmental Analyti-
cal Chemistry, 38, e00203. https://doi.org/10.1016 /j.
teac.2023.e00203

Singh, N., Khandelwal, N., Ganie, Z. A., Tiwari, E., & Darb-
ha, G. K. (2021). Eco-friendly magnetic biochar: an effec-

tive trap for nanoplastics of varying surface functionality
and size in the aqueous environment. Chemical Engi-
neering Journal, 418, 129405. https://doi.org/10.1016 /j.

cej.2021.129405
Singh, S., Chakma, S., Alawa, B., Kalyanasundaram, M.,

& Diwan, V. (2023). Identification, characterization, and
implications of microplastics in soil-A case study of
Bhopal, central India. Journal of Hazardous Matereials
Advances, 9, 100225. https://doi.org/10.1016 /j.haz-
adv.2022.100225

Sophocleous, M. (2002). Interactions between ground-

water and surface water: the state of the science. Hy-
drogeology Journal, 10, 52-67. https: //doi.org /10.1007
s10040-001-0170-8

Sun, C. Z., Wang, Z. G., Chen, L. Y., & Li, F. M. (2020). Fab-

rication of robust and compressive chitin and graphene

oxide sponges for removal of microplastics with different
functional groups. Chemical Engineering Journal, 393,
124796. https://doi.org /10.1016 /j.cej.2020.12479

Tan, H., Yue, T., Xu, Y., Zhao, J., & Xing, B. (2020). Micro-

plastics reduce lipid digestion in simulated human gas-

trointestinal system. Environmental science & technol-
ogy, 54(19), 12285-12294. https://doi.org/10.1021/acs.
est.0c02608

Tang, K. H. D. (2021a). Interactions of microplastics with

persistent organic pollutants and the ecotoxicological




effects: a review. Tropical Aquatic and Soil Pollution, 1(1),
24-34. https://doi.org /10.53623 /tasp.vlil.1l
Tang, Y., Zhang, S., Su, Y., Wu, D., Zhao, Y., & Xie, B.

(2021b). Removal of microplastics from aqueous solu-

tions by magnetic carbon nanotubes. Chemical Engi-
neering Journal, 406 ,126804. https://doi.org/10.1016 /j.
€ej.2020.126804

Thacharodi, A., Hassan, S., Meenatchi, R., Bhat, M. A.,
Hussain, N., Arockiaraj, J., Ngo, H. H., Sharma, A., Nguy-

en, H., & Pugazhendhi, A. (2024). Mitigating microplas-
tic pollution: A critical review on the effects, remedia-
tion, and utilization strategies of microplastics. Journal
of Environmental Management, 351, 119988. https://doi.
org /10.1016 /j.jenvman.2023.119988

Thompson, R. C., Olsen, Y., Mitchell, R. P., Davis, A., Row-
land, S. J., John, A. W. G., McGonigle, D., & Russell, A. E.
(2004). Lost at sea: where is all the plastic?. Science, 304,
838. https://doi.org /10.1126 /science.1094559

Tu, C., Chen, T., Zhou, Q., Liu, Y., Wei, J., Waniek, J. J.,

& Luo, Y. (2020). Biofilm formation and its influences on

the properties of microplastics as affected by exposure
time and depth in the seawater. Science of the Total En-
vironment, 734, 139237. https://doi.org /10.1016 /j.scito-
tenv.2020.139237

Van Der Does, M., Knippertz, P., Zschenderlein, P., Har-
rison, R. G., & Stuut, J. B. W. (2018). The mysterious long-
range transport of giant mineral dust particles. Science
Advances, 4 (12), eaau2768. https://doi.org /10.1126 /sci-
adv.aau2768

Viaroli, S., Lancia, M., & Re, V. (2022). Microplastics

contamination of groundwater: Current evidence and

future perspectives. A review. Science of the Total En-
vironment, 824, 153851. https://doi.org/10.1016 /j.scito-
tenv.2022.153851

Walker, T. R. (2021). (Micro) plastics and the UN sus-
tainable development goals. Current Opinion in Green
and Sustainable Chemistry, 30, 100497. https://doi.
org/10.1016 /j.cogsc.2021.100497

Wang, L., Wu, W. M,, Bolan, N. S., Tsang, D. C, Li, Y.,
Qin, M., & Hou, D. (2021a). Environmental fate, toxicity

and risk management strategies of nanoplastics in the
environment: Current status and future perspectives.
Journal of hazardous materials, 401, 123415. https://doi.
org /10.1016 /j.jhazmat.2020.123415

Wang, J., Sun, C., Huang, Q. X,, Chi, Y., & Yan, J. H.
(2021b). Adsorption and thermal degradation of micro-

plastics from aqueous solutions by Mg/Zn modified

magnetic biochars. Journal of Hazardous Materials, 419,

Sl dsuwgi g o dopis

12648. https://doi.org /10.1016 /j.jhazmat.2021.126486
Wanner, P. (2021). Plastic in agricultural soils-A glob-

al risk for groundwater systems and drinking water
supplies?A review Chemosphere 264, 128453. https://
doi.org /10.1016 /j.chemosphere.2020.128453

Wu, X,, Lyu, X., Li, Z., Gao, B., Zeng, X., Wu, J., & Sun, Y.

(2020). Transport of polystyrene nanoplastics in natural

soils: effect of soil properties, ionic strength and cati-
on type. Sci. Total Environ., 707, 136065. https://doi.
org/10.1016 /j.scitotenv.2019.136065

Xu, X., Jian, Y., Xue, Y., Hou, Q., & Wang, L. (2019). Mi-

croplastics in the wastewater treatment plants (WWTPs):

occurrence and removal. Chemosphere, 235, 1089-1096.
https://doi.org /10.1016 /j.chemosphere.2019.06.197

Xu, Y., Chan, F. K. S., He, J., Johnson, M., Gibbins, C.,
Kay, P., Stanton, T., Xu, Y., Li, G., & Feng, M. (2021). A

critical review of microplastic pollution in urban fresh-

water environments and legislative progress in China:
recommendations and insights. Critical Reviews in En-
vironmental Science and Technology, 51(22), 2637-2680.
https://doi.org/10.1080 /10643389.2020.1801308

Xu, J., Zuo, R., Shang, J., Wu, G., Dong, Y., Zheng, S., &

etal. (2023). Nano-and micro-plastic transport in soil and

groundwater environments: sources, behaviors, theo-
ries, and models. Science of the Total Environment, 904,
166641. https://doi.org /10.1016 /j.scitotenv.2023.166641
Yang, L., Zhang, Y., Kang, S., Wang, Z., & Wu, C. (2021).

Microplastics in freshwater sediment: a review on meth-

ods, occurrence, and sources. Science of the Total En-
vironment, 754, 141948. https://doi.org /10.1016 /j.scito-
tenv.2020.141948

Yao, L., Hui, L., Yang, Z., Chen, X., & Xiao, A. (2020).

Freshwater microplastics pollution: detecting and visu-

alizing emerging trends based on citespace II. Chemos-
phere, 245, 125627. https://doi.org/10.1016 /j.chemos-
phere.2019.125627

Yu, X., Huang, W., Wang, Y., Wang, Y., Cao, L., Yang, Z.,
& Dou, S. (2022). Microplastic pollution in the environ-

ment and organisms of Xiangshan Bay, East China Sea: an
area of intensive mariculture. Water research, 212, 118117.
https://doi.org/10.1016 /j.watres.2022.118117

Zhang, Q., Xu, E. G., Li, J., Chen, Q., Ma, L., Zeng, E. Y.,
& Shi, H. (2020). A review of microplastics in table salt,

drinking water, and air: direct human exposure. Environ-
mental Science and Technology, 54, 3740-3751. https://
doi.org/10.1021/acs.est.9b04535

Zhang, D., Chen, Q., Xu, T., & Yin, D. (2025). Current

research status on the distribution and transport of

YoF olaolays . Ul oylaus . pasjlgo Jlw | FF




micro(nano)plastics in hyporheic zones and ground-
water. Journal of environmental sciences, 151, 387-409.
https:/ /doi.org /10.1016 /j.jes.2024.03.042

* Zhao, S., Zhang, Z., Chen, L., Cui, Q., Cui, Y., Song, D.,

& Fang, L. (2022). Review on migration, transformation

and ecological impacts of microplastics in soil. Applied
Soil Ecology, 176, 104486. https://doi.org/10.1016 /j.ap-
s0il.2022.104486

e Zhou, G. Y., Huang, X., Xu, H., Wang, Q. G., Wang, M.
J., Wang, Y. Q, Li, Q., Zhang, Y., Ye, Q., & Zhang, J.
(2022). Removal of polystyrene nanoplastics from water

by CuNi carbon material: the role of adsorption. Sci-
ence of the Total Environment, 820, 153190. https://doi.
org /10.1016 /j.scitotenv.2022.153190

 n) \Fo¥ olaolays . Jol oylacis . p20jlgo Jluw b dmugs § Ol dypis




el3

Journal of Water and sustainable development
Volume12, Issue 1[Serial No. 35], June 2025, pages 46 to 63

Sl dmwgs g Of dopis
WU S olrin \Fof olaslays . gl oylais .amajlgs Jlw

LB CaseStudy

Zoning of Denitrification with
Emphasis on Hydrochemistry
in the Urban Aquifer of Izeh,
Northeast Khuzestan

A. Mehrabinejad', N. Kalantari®*, F. Alijani®, H. Mohammadi'

/%/}7}

Soypadallise

2ISUL 1050l Sty diny
Okl G384 19130 Saiinyald
Obiw;jad @i J Lo

\Guams ol il e oLisyd 7gyMS Wipas Mol e Lle

1, 2- Ph.D. Candidate and Professor in Hydrogeology, Department of Geology,
Faculty of Earth Sciences, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
3-Assistant Professor in Hydrogeology, Department of Mineral and
Ground Water Resources, Faculty of Earth Sciences, Shahid Beheshti
University, Tehran, Iran.

Corresponding Author Email: n.kalantari@scu.ac.ir

Received » 28-01-2025
Revised » 17-04-2025
Accepted » 21-04-2025

Available Online » 21-06-2025

The drinking water of Izeh city in northeastern Khuzestan prov-
ince is supplied from limestone wells in the Nal-e-asbi Karst
aquifer south of the plain, which is in direct hydrogeological
communication with the alluvial aquifer. Due to nitrate pollu-
tion infiltration from the alluvial aquifer to the Karst aquifer, de-
termining the nitrate status in the aquifer and the effect of the
natural denitrification process on reducing nitrate concentration
is very important. In this research, temporal changes in nitrate,
ammonium, and nitrite, and spatial changes in nitrate in the urban
aquifer of Izeh were investigated to determine the denitrification
mechanism. Over a one-year period (December 2023 - Novem-
ber 2024), samples were taken from 9 wells over 6 periods. Then,
nitrate isoconcentration maps were prepared, and along with
temporal changes of nitrogenous species, the nitrate chemograph
was interpreted. Finally, spatial zoning of denitrification and the
relationship between denitrification and other hydrogeochemical
parameters was analyzed using composite diagrams. The results
showed that with the leaching of pollutants from the surface and
chemical fertilizers applied to agricultural lands, which are mainly
applied in January and February in the Izeh region, the nitrate
concentration in the urban aquifer of Izeh had a sharp increasing
trend from December 2023 to April 2024, but decreased through-
out the aquifer from April to June 2024. Groundwater in the north
of Izeh city and adjacent to Miangaran wetland, due to severe
contamination with Izeh city sewage, is under reducing and se-
vere denitrification conditions and has the lowest nitrate concen-
tration among the water wells. Based on the denitrification zoning
map, the highest and lowest constant rate of denitrification are
related to the northeast and southwest of Izeh city, respectively.

Keywords: Nitrate, Pollution, Denitrification, Urban Aquifer, Izeh.
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This study investigates variations in heavy metal concen-
trations to assess potential pollutant transport and effec-
tive transport distances in the Atrak River, influenced by
urban wastewater treatment plant discharge and down-
stream agricultural activities. The methodology comprises
field surveys, in-situ measurements, sample collection,
and index analysis. Water and sediment samples were col-
lected from five and one selected stations, respectively,
during summer 2024, using duplicate sampling to ensure
Quality Assurance (QA) and Quality Control (QC). Heavy
metals were quantified via ICP-OES. The Contamination
Degree (Cd) index indicated moderate contamination at all
stations except S2 (downstream of WWTP discharge). The
Heavy Metal Evaluation Index (HEI) and Heavy Metal Pol-
lution Index (HPI) confirmed peak contamination at Sta-
tion S2. Spatial distribution patterns varied: arsenic (As)
and lead (Pb) showed consistent concentrations along the
river, while chromium (Cr) and iron (Fe) exhibited an in-
creasing trend downstream, attributed to their strong cor-
relation. The Geoaccumulation Index (Igeo) revealed no
sediment contamination for any of the metals. The Con-
tamination Factor (CF) indicated moderate pollution for
Cd. The Hazard Index (HI) for children was approximately
0.5, signifying non-carcinogenic risk. Consequently, un-
der prevailing hydraulic conditions, the river’s capacity
to transport wastewater-derived pollutants is limited to
a 50-100 meters range from the discharge point. These
findings underscore the critical importance of wastewater
management and continuous water quality monitoring in
similar watersheds.

Keywords: Pollution, Water Quality, Heavy Metals, River.
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Natural disasters, particularly floods driven by human
activities, are among the leading causes of loss of life
and property worldwide, posing significant obstacles to
achieving sustainable development goals. This study in-
vestigates the causes and mechanisms behind the May
2024 flood in Mashhad, the second-largest metropolitan
area in Iran. Utilizing a qualitative analytical approach, the
required data were gathered through dialogue-based pan-
els involving experts, officials, and concerned stakehold-
ers. Following the transcription of discussions, key insights
were extracted and categorized into open, axial, and selec-
tive codes. The findings revealed that human-related fac-
tors played a more prominent role in both the occurrence
and the catastrophic impact of the flood. These included
"improper urban design", "improper traffic management",
"lack of proper urban development", "lack of attention to
scientific issues", "incorrect human perspectives", "legal
obstacles", "human aggravating factors”, and finally "man-
agement factors". Also, the issue of "climate change" was
recognized as the only natural factor that played a lesser
role in the discourses in causing floods. Therefore, issues
such as unsustainable urban development, land degrada-
tion, and lack of attention to risk management instead of
crisis management can be highlighted as the most impor-
tant root issues that caused the occurrence and, more
importantly, the disaster of the flood in May 2024. Ac-
cordingly, establishing unified urban management through
consensus and significant unity between all organs such as
the municipality, officials and governmental institutions,
civil society, and the public is essential to prevent the re-
currence of such destructive trends.

Keywords: Collective Action, Participatory Decision-
Making, Sustainable Development, Land Degradation, Risk
Management.
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Drought has been one of the most damaging natural
phenomena in the past decades. On the other hand,
due to the complex and creeping nature of drought,
it is almost impossible to determine a specific start
and end time for it. Dry and wet periods are visible
and expected in all climates and in all seasons of the
year, but sometimes a dry period leads to a drought
and it affects humans (in various aspects), therefore,
while every dry period cannot mark the onset of
drought, it is important to note that not every wet
period signifies the end of a drought period. In this
study, the concept of drought and dry spell has been
clearly expressed and the effect of these phenom-
ena on humans has been discussed. To address the
complexities of drought, a ten-step framework for
risk management has been developed. This guide-
line addresses the complexities of this phenomenon
and its various aspects, and provides a methodology

for drought planning and management.

Keywords: Drought, Dry Spell, Drought Risk Man-
agement, 10-Step Framework.
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Natural disasters are phenomena that are widespread and
affect all sectors of human societies. Since human socie-
ties operate within the framework of laws, the control and
management of natural disasters fall under the responsi-
bility of government officials and authorities. The two hy-
drological phenomena of flooding and drought are among
the most significant natural disasters in recent years in
Iran. Numerous studies have been conducted on flooding
and drought, indicating that these two phenomena impact
three areas: social, economic, and environmental. The aim
of this research is to examine the legislative challenges for
the integrated management of these two phenomena and
to provide legal solutions in this regard. Many laws have
been enacted to address and manage the flooding and
drought phenomena, which have offered a sectoral and
unique perspective on flooding or drought. Ultimately, this
research has shown that the laws established concerning
drought crises only address the compensation for damag-
es caused by them, while remaining silent on scientific and
practical solutions for preventing or mitigating the conse-
quences of drought. Additionally, considering the interac-
tion between the consequences of flooding and drought,
reviewing and amending the existing laws related to flood-
ing should be prioritized by the government.

Keywords: Integrated Management, Flood, Drought, Laws
and Regulations, Challenges and Solutions.
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This study investigated the effect of extreme precipitation
values on the trend of vegetation cover change in southeast-
ern Iran. Extreme precipitation indices were selected using a
fixed approach recommended by the Expert Team on Climate
Change Detection and Indices, according to local needs and
theclimatic characteristics of the study area. These indices
were extracted using daily precipitation data from the sta-
tions of the study area over a 21 years from 2000 to 2020
utilizing RclimDex software. The NDVI index of MODIS satel-
lite images was used to analyze the trend of annual vegeta-
tion cover changes. Also, the multilayer perceptron neural
network method was used to examine the relationship be-
tween changes in extreme precipitation indices and vegeta-
tion cover changes. The results showed that the NDVI index
has an increasing trend spatially from the east to the west
of the region. Areas with low NDVI were observed in the
eastern, southern, and northern parts and areas with high
NDVI were observed in the western part of the study area.
The trend of NDVI index changes was significant and upward
only at Rudan station (P-value = 0.01) and Kahnuj station (P-
value = 0.0001). The overall trend indicated an increase in
precipitation extremes during the study period. The extreme
precipitation indices Rx1, SDII, and PRCPTOT have the most
significant on the trend of changes in vegetation cover in the
southeastern region of Iran. A comprehensive study of the
impact and trend of changes in extreme precipitation indices
on vegetation cover in the southeastern region of Iran will
lead to the development of sustainable management methods
and resilience to climate change.

Keywords: Climate Extreme, Vegetation Cover, Artificial Neu-
ral Network, Satellite Images.
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The increasing occurrence of widespread water-relat-
ed tensions in the international scope, coupled with
climate change and limitations on accessible freshwa-
ter resources, has led to the ineffectiveness of tradi-
tional engineering-oriented approaches in urban water
systems management. Therefore, political and social
driving and environmental demands have caused ur-
ban water systems to be considered as a "Socio-Eco-
logical" System, and strategic planning is needed for
its management. This alternative model is called the
"Water-Sensitive City". Implementing the new ap-
proach requires significant changes in the structures,
culture, planning methods, management practices,
and stakeholder engagement. The transition toward a
Water-Sensitive City consists of six stages. Dominant
narratives and enablers are considered as two vital and
influencing factors affecting the transition process. Fi-
nally, a checklist of effective factors in the transition
process is developed, which will act as a roadmap and
enabling the creation of a matrix that can evaluate and
monitor the progress of the transition.

Keywords: Water-Sensitive City, Transition, Urban
Water Management, Resilience, Social Approach.
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Today, due to the reduction of groundwater and gla-
cier resources, increasing temperatures, and lack of
control over drinking water consumption, there is a
greater need to modify consumption, and improve and
save water consumption than in the past. In this study,
the effects of factors influencing water consumption,
including advertising, attitude, perceived behavioral
control, intention to save, moral obligation, and so-
cial pressure, on saving behavior were investigated.
This research is applied in terms of purpose and de-
scriptive-survey in terms of method, Additionally, the
study is cross-sectional in terms of the survey period.
The data collected for this research are quantitative
and were gathered through a structured questionnaire.
The statistical population of this study was all heads of
households in Yasuj city. The data were examined and
statistically analyzed through structural equation mode-
ling using SPSS and AMOS software. The results showed
that attitude, perceived behavioral control, intention to
save, and social pressure have a positive and significant
effect on saving behavior, and also that attitude and per-
ceived behavioral control indirectly affect saving behav-
ior through the mediation of intention to save.
Keywords: Structural Equation, Intention to Save, Per-
ceived Behavioral Control, Attitude, Social Pressure.
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Abstract

Optimal management of water resources, especially in mul-
ti-reservoir systems, is of great importance due to limited
water resources, climate change, increasing demand, and
unbalanced distribution of resources. The efficient opera-
tion of these systems requires consideration of different
and conflicting objectives while maintaining the safety and
stability of the reservoirs. The complexity of this problem,
especially in large systems with several interconnected res-
ervoirs, necessitates the use of advanced multi-objective
optimization methods. This study presents a bat-based
multi-objective optimization model for the operation of
multi-reservoir systems. The main objectives of the model
include: 1) maximizing the supply of water needs in different
sectors, 2) minimizing the costs associated with reservoir
management, and 3) maintaining environmental balance
through control of releases. Constraints such as reservoir
capacity, operation rules, and inflow and outflow condi-
tions are considered in the modeling process. The results
obtained from the simulations show that the BAT Algorithm
can provide a set of optimal solutions from which decision-
makers can choose the most appropriate option accord-
ing to their priorities. Also, a quantitative comparison of
the results of the proposed multi-objective Algorithm (BAT)
with the results of the NSGA_II Algorithm showed that the
average C(BAT, NSGA-II) values from 20 independent com-
parisons were 79.53%. Therefore, this approach not only
increases the efficiency of multi-reservoir systems but also
helps in effective decision-making in water resources man-
agement and improves the flexibility of the system in the
face of variable and critical conditions. Since the objectives
above are important in most multi-reservoir systems, the
use of this model can be a great help for decision-makers
in the exploitation of such systems.

Keywords: Multi-Reservoir System, Drought, Multi-Objec-
tive Algorithm, Water Resources

GoplS gy | liogyd

Wi S A j1 15919590,
WA Ay e 58y B b 350

Yolficpaal Sub Bl biguyaal s dazo

wigo 055 gholiwl 5 6350 Gomidslo wudyi 4y Y g )
alpleogy (pmag) doly (ool J‘ﬂ ol&islo (ylpac

amirpouyasarraf20@gmail.com :Jgiumws duiuags dabibly
VFoW/oV/VF < cdlyo &yl
VFol/W\ /Yo 6555 gy
VW /WYY < Slpdo &)l
VEoF/oW/YY @ HLiisl 3y

oS>

Olss Ol wlo Codgame Jds 4 ol aolio aigs Copow
1 (ol Coedl izl 0jlsiel majes o Lol (ialdl ¢ sor sl
Slanl 28,5, 50 aieils gt ol 51 a5 (651000 0
sl jle g5y 5 el b Bi LS 0 woliiie 5 alides
3leating 38 ity slo by Sl ol &4 5LS caltune cnl Sz
Gilwaings Joo S Gohy ol 5o ileise 0900 | ddomaia
Kz i I syl 0 sl BlAS 5 S damais
leiSlaz (1 2ol e Lol Glual sl o0y 431,) e
sean;e glo Bl (¥ walize slajisn ;0 2l sjls omels
Goob 3l G bazme Jobs Bis (Vg 055 capae b Bid e
s plasgime silodie S8 55 aul bagilule, S
20 Z9% 953959 Ol bl 1 5 (6319 10 1 (5le8 ()3 lee BB
s o Hlis b gjluwancs 1 saeleawsds ol .wloas 4z 5 i
S)lo 1y gy oSl 5l gldesarme 1) ollss plis oy )sS)l a5
o Anlin 93 slaagll 4425 b 0l o G506 S penal oS
095315l Juolo ol oS dunnlie oppizra .aiiS O ) a8
NSGA_II iyl 5l bols ol b (BAT) (solpiiny ddumais
Yo 5l Jeols (C(BAT, NSGA-II pslie opSileo 45 ol oLis
3,509 ol eay ol ol 0395 VA /BY 1l o 5l SR dylio
@Al oo Gl Sk i slaptiacs LS LSa
L agzlse 50 500,85 S8 OF mlie Caopie 10 S50 (5 S pponcl
3l oo Sgage 1) el s pdgdlasil (Sl g e byl
e S W slpianw i 5o 0ad ol dlaal &S T
slaSaly ol v B wilgs se Joe ool Sl eslatl il o 2 ke
A5l plepiacw iz 3l 6510 2000 50 Gl S ponai

oz 00568 ( ISt (Sie Ji plias [ gdalS LS
ol zobe

HomePage: https://jwsd.um.ac.ir

How to cite this article: Mohammad Hosseini, S., Saraf, A.P. & Aminnejad, B. (2025). Exploitation of Multi-Reservoir Systems Using the
Bat Algorithm. Journal of Water and Sustainable Development, 12(1), 160-178. https: //dx.doi.org/10.22067 /jwsd.v12i1.2410-1371

Sl dsuwgi g o dopis

Yo olaoloys . Jglojlauis . padjlgo Jlw | Yo



00 90 4D 6124. I) 6)'¢ﬁ°)'e'3 6L®wL~w o OV
Ashrafi (ooeen oGS a1y gl lojen g au8,5 5y
§9520 > 5 &S Wals lis 3¢ axlllae jo (YY) o )Ben o
u.ul.w' » 4.ol§|~.\_'> k_gLiZarolf o |) (GO0 > u|9"g5‘° QS
35 (Y419) oL, g Yaseen .o S pdlel (5500 ailin] plxs!
S (g0 10 0 |y asgay (oo > 00e B glallas 4o
8l bl 50 61000 00 (6l &S Woges Joas TaBass
QS (IS0 > hr\DLJ) J..\_o | )JwL.a dlA.C 9
e ool sl e Slael grupaelig 3,0y L jeSice
o2l Jae cpl gl Baw ) ,B4 Sk SO el
] 039 )L».: (GOS0 > L@uT 9 aS 03¢ Lf:L@(’L;o slo=s
NSGA- (sjlwaings piu)eSJl 5l (Y+Y+) Soghrati 3 Moeini
SO s S 6310 10 o Gl 3lwdinge 6l 1T
5 rdbeiel gilwbSlas 10503 eolaiwl ol jo d55e
A 3590 Ban @5 55 65,50 38 s s 005 aeS
aSeeds Su S5 (Vo) ol ) B g Giivengir yizeen 209
2 WS gal0 ez sl |y bt G500l g cmase
53, & i O el B b T lie s Sy
B jleans Joo SO G 5o (omae &Sl el ol yo
Ahmadianfar 4 Abdollahi « 360 glasdlae o .cawl a8,
>0 )3 polae glrosls plaiea ) gaivomz ol s (V41))
SlewT plo! g3l 4 L5 5 $50g05 nd (s50s4el
B by oo yo Lol ag (3500 dw iz sl )T (69550
S 52,8 4 LSe (55 SO e 0jlee ol oS i,
Kz ol @l copie Jow S (Y+Y)) Sasikumar g Nair
Grae 5 55liS logis o Of 0968 il )l Soxie
S90S 25 455 8)50 (e o 5l 08 S 54 seges
Ly el 5o olo Lo 1y oacs ;S5 elo e oo e 13
olsreas 1) "(MOGA) Sish adaa wiz gilwaingy i S]]
A0 6yl oo 009l Cewsdy (gl slwainge oieSl
Silwdings Hahieds 10 (Y+YF) o, g Moradifar .asz5,3
lamb,3T Glewl) Ghgadganl s (33 5l (5100 o Oliloce
ozl (MPA) oy olizl5es oissl 31 (ol e
Cawddy ol b MPA (5500 Oldes bl uioxed (050 ,S
Sl y s lie 005503 dunylito (GA) Sl pi 5531 b o]
290599 7 3l 055ee s3lwe 33 5 OF el 9568 (33500 O
A o Sdee saimaglid olsm g OF Ol 5 4l slo o

1% YEoF olaolays . Jgl oylais . a03lg0 Jluw

”

4ol

Qg wolazsl Ay g Cazo u,u.;b.sl ng GJLA.A Cudgisxo
Lolis aby 0938l 395 w5 of oBlate g b g s o
e 4 bdse Jolse I glacgare (ilides gloainne; 5o
ulw a leoA.}.J 3o uT U')—’U Al aS o)gTL,A Sg=9dy
.(Y-\A Hajiabadi g Afshar) sjlw oo jelio 23 j0 1) 540
bo (golaidl Colhaol Wl 4y olgs o ol slosels 5l
9 LB Capae Lewly cul 5o w0505 o)Ll elosz] g (s
o)lo 6‘0}'4“9 u—»-o@' S¢>g0 LIS )| o ‘5)]0)_)0)_@4.

(YWY ;8 g Thechamani)
65> OV550 dgaaS S5l 50 JlaSias sapay 500 Gyb
w23 gy Nlgio 2w g Of g9 12 L g adhio 12 53 55
5 RS s Ojgody senl8l glanaly soled yo Lo, g
Sid do g S oldlme bl jo o #8ly Jdoay
glassame b O mlic (oS 5 (oS iliseo gloacs |l
Shaigs 9 Jsol Glo et poe ol el gydug, Slol,
Ui ) 39290 0T @il
oo syl sleslaiwl g ple i LYY (oL Sen g

Chou) cwl aislo 59,0 i

St o & 55 O @b 5 olo e sl el
Yazdi ¢ Moridi ¢¥-Y+ Shaikh) s ol o dxwss Jl> o
olwl Slegilo 1 So (Y7 (52 g Akbarifard «¥+\V
S e 5 oS Ol @lie slaptcs 51 5)lo 00 40
058 iz Jeliie oS sl S8 (610 0,00 sl
Siluis patine Slojoyd 12 5 legozme 5 0352 515 0 2
DamasS B yuan b5 4 ol 4z 4 5 5555 W9z ge O S

(YWY )5 g Ahmadianfar) sgi eols
W11 p1aS o oS 13 3 alowl slalllus £ 5590 gl b b1 o
5T lbe slopincs oSl balgy 385 5 50 b olaJoe
slecanbw 625,54 b g s3lodis sSEST 5l (6250 42
O3Be 3l a0 0 10 5 S3us2elp (2L SRl Jlosas ok
g Afshar axdllhs & olg 0 Olllae ol alos I v
5luting gl glddllas 43 S 3gas o Ll (¥+)A) Hajiabadi
Silwainy p)sSdl 5l Olgl jo diEe Wiz e SO
ool (NSGA-TT) Cslials (63lunsyo b Suits dbum i
slr 1y liey 6ol rer bt Joo So lapl 3,8
s Olals )3 €555 35 s S 5l gilolny (ann
2 sl BGus 2l gleie o (SI) dgueS (oL 5l Luow caS0ls
ooliiwl W (SVsb (gilwands 0)93 So Jsb 4o 5%e 90
Llgs oo NSGA-II pi 5s3d) ols olis ol colps ;o .05 ,S

Sl dsawgi g of oy




A i i (ESSly 5l gl oz oS
Az 9508 oo g pslae (pdled b i (6))0 50040
053 5l 619 00 40
Ui 3l 5510590580 oo g Lay)lisLu
Lo 9 4y (g, So plsiedy ohaibiw] cawlw (i ol 5o
] 00 L;‘B).u u)L’N L5)|‘>)'.’°)'€’3 le).:»
e )l 0 Gl Glsieds galsonz Joo dnlol yo
Oygeody Hls Caedl Gimgh opl jo aS ployd e
U olealds t;).?.o u&b—ﬁ eJ= Qﬂ):;o.bl.w kSI)‘.‘ 9 u_lS
b Lol 5o 9 99 ce 00ls sl Gl St sboe
So silwsingr slopiysSl g las sleptens Gal
5 a4l plply gde glanl Bl )5 (510 e Joe
Sy peplie 9 )LSlo 4 azg o)ls Comnl (gl ol
S5 S b ol 31 il sl S o) ol i
] ugLo.a..o 9 P
B(SOP) 3ylusliw] 65159058 Camwlaww
0B (5515 20,400 (3lwdnds (gl S)lasliwl jebay g ol
3o bl s o35 51 g5l Loy sl ol 50 e
9290 5k mels gz (B 0T 510 000 00 plosil 090 2
)5k S S sgde pudald gladsS @y (550 29,5 sy
orwd 5 S Ol 5L el sl azslin ol el
S9zrg0 O 51 izt 09 s0 ) (500 0,050 S il
235 0950 O & £9,0 GiFee bl LS ojluSl I iy
Uinled 09 o0 2 oy Ojgeo & Slile O 93] gm0
el (V) doles 7 3 4o ()10 00 40 00elB ol 5L,
S 1, if S+1. <D,

Rt= Dt lf Dt£St+ItSDt+C (\)

St+lt—C lf St+ItZDt+C
& 699)9 2T Tt oyg0 53 GiZe ilwley R ol yo oS
D, «t 099 ‘51..\.\.41 o uj.m o).~>.> U‘)“"’ St 0593 O u)m
Sibse GiFe e b C it oyg 4o il olsee
39 bogeeS Slghhd Ygane 3lasbivsl gyl 0 10 sl 5o
O)SQ)QQM)")Q\)9—:-05@9;4090\)9.3)—‘;.05&:)‘[&.3&0W
B3geS a9y o Lol Logd o JBlos ouds oilwancis
JB (HBlge sl Ghgy ol jo 0,05 g2y S
3929 552080b 1 o3l el sl B OT &S sl 5,8
Lo 5 3l ans b LSt mBlgo o Lol ol anisls
(YW ol)Ben g Tan) sgd ools Cawlw ¢yl

Sl dsuwgi g o dopis

S Cewsymb o slalis
Shsolope st silwags dlie cpl godge dLiwly cpl 5o
olsd 3l smSortn b opslienin Jikenin sl
aBly 5o ablbe aglS1E lopin oSl g B gake e
Silwdings = Gilwands (B by S5 ol axllae Sun
oainl Sloj slosls ys ol ot 085 LB e b
Cgz a5 Gl JlaSlis sapun ol Sl sep Cpe
oolazwl b gilwaiags canlbow Jloel (3o 5, Sdoe g
@ el pndy O a0z o) 52 GilaS eSS
590z ST zews ol 53 b pe sl el Hekiie
2ol el by Golas 00,0801 Jloel pga0 el g0 0
oS 39y sl 5wl wlsS Lyl gaie e 9,50,
@ S (G002 b 5l Sael,S (bgy 99 ol oSS
S 1y OF aalio 51 (51000 1 (53l S Cslis § 0350 g5
oolaztul b (gilomdings dg)y opl 5o sl azgd (LLs caizy
T olis gl 51 ey 5 planil slST,3 sl )5Sl 51
ed e ORIl S e

W2 gy g dlge
bogas &5 gilodas sy S 3l Sl Oyl (gilonens
wle oduzy slaptucw o Slee 2L 5 LlalejT sl
&y aude 53)lg0 yo el gy ol W39 e solinl O
Ol ilwaings sl by Codgaze Juo 4y oS 05l 0
az S| oses oolatal Lol 51 oles 4 b puiitias jsbay
51298 sl bl o silwaigy 90l SO gy o
33 @ 8315l Gogy el (> lb g s )liS el la el )b
Sheslaiwl b oS abb oo piww HUADI )90 0 ,Sloe oL
Wilowds aligy ol> Pluw gl aS slall, glo,l580s 5
Dbl 2l g ilwesly LB
Lo 29,5 5 6310020000 (5dlsd w088 ((Sused buly) (o609
osls 64,9 i o JuSis |y gilwdands Joo sl
4z g5l Jow 0iS e olml 1) Jow sl j5bas a5 sia
wloads iyl Bl Oyge0ds oS (S5 bulyy S
2 Jle glaie 4y S 0 ol 2y > 4 |y Lasdgys
Ol 55 5 Bl 5 (0350 41 5999 Ol 035m0 §)lwand
S5 bulgy g0 sled 4 Joe slos3g,9 bz 3l 55LeT
Joo ples (So5d slopiite o by 0aiiSolo 058 g
Ol px Siwgn huly) 9 o35 £L,1-pax—aaw abl,
10120 442 0575 00l Gl (5110 0 o (yeled il e g
e 5 Ore a3 il Jilo (iibise plucw

VoF olaoloys . Jgloylauis . pasjlgo Juw | VB




Jow (1490) ReVelle g Shih ggs &Ylgms 4 fesly sskiie 4
&lx 1y (MINLP) (b, g zaoo soe hlize (g5a00
Aols Al JLaSCis 0y90 50 080w (5 SU )l ylo 0 00
23 &gy sd0n soabaw Jloel 4 e o J> oS
Ohilas g pSeiluil sz wdlo ool 4o 05 g0 (51000
el Gua bl cewl 0390 piuoSal Jee jo Slale
39 el 0ul solaiw] (ewl 39u0S SSlas (0,5 [Blas oS
ol Bue dlus a0z Canlw &SOI @ az gl el
Sol2ys3 o @ barye bulgy 4 5310 5l cncs axlllae
.(Y-") ;Ahmadianfar 4 Abdollahi) ccwl sus

Se obls o Sl 4y azgily diwgy a0,z o
Comdy dzgio w)lad sszge Of soay S 5l gaiaz)s
Walgds Blid Ojgaods ol pacd Sosis 5 JlusSis
olejpd Wygody jsSde Jlaw 9o iwgy >y 0l
Ca i 5o Bllaxil Jiolbl gl o Lol Laisd oo 00ls Al
3l e jsbay @Ylguw cpl &S cowl s Gjee (6519 00 42
29 WS g0,z el ol g ool puly S0uSy
el ol poablbie Sowsboe (28ly o)lo 0 ,0s bl
oled Goie) jlee dlale aliwT pob) aliwgas Jgl Jlgaw
Bl b0z ol o dliwgay plgs I g (6510 00 02
.(Y+\A Hajiabadi g Afshar) sgi .0 esls

Chiwgn gawo > odeld (149Q) ReVelle ¢ Shih ¢l Lo
sl &5 Woged Joud Bz wnS galopz 4 )
oz ok Jue onl Sowle Jee sla)lS
sl (MI) zeomo slael 55400 0 5 0,5 L jS5e atwns
ol adsl Bas e,y LB saw SO s SO el
5Lo ooz T 40 a5 el lbole slass LialS Jus
$0 > Olgoe dwn a0z 4o elal ol 5o
oz b gs olsie e 0,5 adel aBlas cbopls s 1,
L ks 5ol S g b5l 50 ae e sl al>se
sln ) ks 5l a2 S 5 s Jlsis byls ol
S @ az gl (a2<al) sgei g5l by spus JluSis
o Oe e o8, p e et oo Sy sl ()
ool ko S ol Lo g 3% cud b gsexe 5 VP
P35 50

ool 3L 5ol S wil V2p B VIp o (35 pz> S|
V3p 5l iion 5 V2p Sl eS Gt e oS ,m g 09 e
S g 00D G0 > Sl g0l Al e o)l ()55 il
5 Nair) 590 omol il a2 olod o5 Lo 5 o koS

(Y+Y\ Sasikumar

1EYY  (feFoloalays . Jyloples . @majlgo Jluw

i 0ueS bty §ylop103 Canilaws
3 O3B Sl b Sl Saas b Sas o
s 05 (5yael s Gilhe o plasbl 5)s0 (20 gilule,
Jobus Glmics ((momsy fuia 50 LDed e CenSl
h SzsS Lol oglie sloogeS (Slopl 5 3lol e
JUe plsie i oo a2 )5 il Spkie (BogeS
il sole yo OT jamasd 52l (bogaS Jlocl
Lol 5,185 Jguammo 3Skee iz il Conl S
Jliol a wle So )0 wad (ogeS £585 Gjgue o
Ol RYs ple cd) salss o Sl Jsaze IS 0L sl
Sl sl ooz g skl slacosgame Jloel ouis
So el slooygs gl 0p05d b g LS b cdge
S e looygs Job o i Sosl 4wl Jyoxo g,
6399 9 b opnd Sl plgn | 5L S G (Sis 4
el ke s GalS sleiing g0l (el 033 4 o)l
o= sloysd )0 55,5 sasS l Ble LialS iz
s ool Bl 5l eloiz] sloacs o ogde o9l oo
&l ey o3l 53 Colite SsS 35ueS g S (Xl
Coo il )0 Wad 9SS Hlade JhalS jghiie «
ol o b))
Slewl pax> S o35 Sl 2,5 sde > E90b ln
S bl b (oleole aldS (sl o> ol oS 09l o (5 e
9 O35 05 ez ol &S Sl ogd e Ui pal
p ol 3 5eS sle Ol 4o (35 4y (63959 3 ole o (glachl
Gad b &S 39 e ST e s ol il asliuT
b ohlus le 00,5 JBlas psSde Jow Lol
P2 ol Geed 4 4z gl sl ()10 00,40 095 53 DS9S
g so 25 ) gy 99 aliw]
S) 5l SalS £, caz Oe 0 I eslil )
(Type
o3 13 UiFe 9559 Glz 5 0pd Egezme I eslaiul Y
(SQ Type) s,z slej
03 S bl o oLl 50 MB &S pob led oS 5 ol &
2 e el 1y OF G ae 5ls jials gl LS 5 Sge
Jlges 35 b oS s (0T 31 Ghog bl 5 (Scs 090 Jsb
Deb e axlse )
o 69959 3 0> Sl = a4z y0 g Sloj az 3l )
o9 HLET (oo b oy
G0z 0)93 5B Jsb 5 (29,5 B ojlul g lsee Y

faib b ojlasl ax

Sl dsawgi g of oy




R: 4 e b

i B 1
5 i 35 S ot 4

s i a
Ao mpss B |
tp — | | D)
Vip  Vop Vip Seit+ I

(YoY\.Sasikumar g Nair) diuwwus §uisome dgy b 0ija 610,08 0ueld - IS

il ) eSSl Jae o asdy 8 4 bl

T 12(Vyp+Vap+Vap)
Max [ YVie — @ Vip + Vop + V3p) ()
t=1 p=1
o 2 2 Ht)M_ U —5) ®)
Vip — (Se—q + 1,
yie <1 1p — (St—1 + 1) ©)
oo 2 1 “t)M_ Wap ) ©
Vop — (Sg—1 + Iy
<1-— Q)
Yar = M
Rt:(1—a1)XDXy1t+(a1—a2)XDXy2t+a2XD (V)
Se =81+ —R —W, (A)
St <G 1)
So = St )
St
U, <— ()
t=¢
W, < M x U, (v
le = (1 +ﬂ1) X V2p oY)
Vzp = (1+,32)XV3P (y¢e)
V3p =a, XD (10)
St—1+it 2V3p+£ (\h\)
Yiee1 F Vies1 S 1+ ype (W)
Yit < Var+1 (\A)
N
Yot =N—n (1)
t=1

Sl g’ g o gy VoF olaoloys . Jgloylauis . pasjlgo Juw | YBF




iloa 5,8 i 55 + /40 aS 00l la SzgS olia,
Cewl plrole Sloxd (3505 LiSlas Jow ol 5o agl Bun
Jo ol Sl ol jehiieas .abbsod LS oo ,ma T 5o oS
00ged JBlaz ©jsu0d Bub @l pgd Cunnd (glaty S S5
30 5 oo a8l HeSde Bue Al 4y ciliw] ploxa £gazxs
Slahd Jials pagie 4y 5 SorgS ailin] plxxl IS cdl>
@ Bl ploxal &S 0900 Eacl 5y colil ol a0
ol 9y # 5 Ss Al Seg e SaS plel w
Sl SzsS slojlasl ay (Si9 el ol w09 Jlasl plx
Dled 655l Bam @l Sos o 59y 52 50 1 &S
B bwgd so0 2l s (Joe ol o &Sl 4 4z b
SgaeS SSlas oged JBlas Wilgh cod Bud g oo GyuaS
slrols slaad poges o5 (Jamo ol yo ol Gun asl
05 35 45 lmole olani iblS ¢pizman .l giiso ez
Om JOLS (Samie Sa Liwly (ol 5o 3580 Jlosl g0 e
ol &) 5 g oy USG5l Wil e ysSke s g

2970 9 35 390 (29 9 ooy SSbo (A8 90 a5 (¥) JSi o
ool s pe ahmdo was oo OliS 1) (e x> (s35ec
22 53 Sl (Seon gai0 2 9,0 (sl Sliwl lapa>
sl b imie ol &S Wil wylate Juad o 50 L ole
S8 CamBse aiibige OF Glpae 5 ol 00 sl
oby> sidersue 4 aiuly oloye yo Gl slapx> ol
ez g SRR 1 5e ead 03 OF pliee 9 53955
Caw! 3L

drwgs ol Sidgh ple by o oo Joe pogie
08 L Sedzen § dje L gBpiw sl g aiSly
] a8y 5545 ouiiS ool ©lus,d 3l (> 0

35 S el sl Guvgazme ST ol G pl yie ol yo &S
w2ls ao plp Ojpanl pe 50 WblS Sszge Toygs o
Al sl S ple ya el polael sl elyl 52 5 0
3 el 5L IS el ovgazee 53 b gaiue e Jol 5 5o
el polaol 6,00l o sl Jho b pl Sjgo ol e
OB 2> Stipolae 9 983 o 1) 0jg &S sl (SzsS dae
5 Tojd 33 ike 529> Ripolaol 5 tojs slosl o
Sl Yo SlewT (6399 9 0 Egome slaiie Vip cpglasls
Vap polasl 5 (1 S5l oleol ) pole 5o (g0 2 4,0
P9 3 g9, sl Vb Wl 63955 9 0,053 ggamme lade
250wl Vap epslnal o (V St olwl ) Pole 5o gaive o
5 (V S bl o) pole 5o (69935 9 0 S Esoxe 9>
Jlo 5l ole o caxbge Lululys VPV siie P opslas
3155 oo 5l cenl cles t P == [Z(E=D] o)L o590 o
5 oy shal )3 s39y el 3l cenl Ojlee I (Sloj
polro 5 toy90 50 63955 ol Sl el O)le T pglne
D (pslxal 5 T oy90 33 sy pw Wi ipslxo g (550 cad )b C
bl Ut polne 5 00t (5,5 ol Jlo Job yo oS L5
Cad )b bopln toygs slokl 4o 35 pa S| ol S
pelaels eyl g sl Jhoo Ojguail ol 5o g abl (550
2 &S Gl S8 vae SG € g Sy dae UM el
oyl Ccwl Ohle 0 wiiiur 535)5 laosly > 40
polae oLyl Olgicds 5 oo e Jsl B 50 ojls (el
58 50 Bilo el soyo 5l Cawl Whle O g e )lg
Slasd N gl o 3)ly pole ol (lsieas g gain0 ez 9o
Slexe glooygs JS Slaxi N ipglxe o (651000 40 booyes S
9 By a0 3l suile Ojgeods 5 G302 ped B gl

Reservoir
storage
' Y

Reservoir
storage
&
Sﬂ"iﬂ.f
Sﬂmﬂ‘ \
Starget
e \ ZoNe3 e ——
Sﬁrm 1
\ Zone 2 e e e
Zone 1 :
t Time

Adjusted
Reservoir |
Release |
»
a0y aaDy Dy Demand

(YoY\.Sasikumarg Nair) diums g iudme digy b 50 6)l0,00,83 (loyd isia =Y JSui

V$O ot olaslays . Jol oylasis . easjlgs Jlw

Sl dsawgi g of oy




Mgy 520l (Vg

S3lwdingr sl n Jslote slo g 51 (S SedS gl g 5o
wbwl colro 1 (SO a5 0gr 230)g Ly cilie Blual
[l ol o alidee Blual fuiis aigs olejpd (oo ol
B azg oyge glS1E slapi Sl Sie ol &85 sl
Shlly olez 5l slacgome iglS],8 dbp;g)sill ..\jld;lé)f
g oo aiiS Lglaal ol dgs oyl 4 &S wins o
Sl am3 o 03] 55555 panci &) Ulsz acgaze oy
Ol Bl 9550 Comidg b cowliste Olsr Ol o (g0
25 e pa eolpiiay el Slawlre Cilize 21,0
Olzgld (%) JSs oy a8 S k5 po Lol g5 0ol 5o
Ao o olis |y olas pi Sl JelS

bad  adsl dacly (Solas g

Oy g 48An Ji alts (gilwodlo]

5 O¥slae chly) ples L s> jluands Joo axilis
Silwaingy Joo g JSb pled a4 w053 glajlisle
Gilweiatn 03015 5 (29l sbo gy 9,05 g oslizul
53 ol S sl oSS SBolas geains slaghs) 5
(S Sl (gS13 g 3l ol g 5o Ll
S )88 i Spgs o plgiear Lolas JolSS g I3 plo-s]

ol o oolaziwl (L3 Oliass (o 39250
b S de) 5 ilwdingy Slawe 51 gyl
cols, Jo o eals 45 wites Gus wis Jals Of
S92y Jol) 59 Plus aieSinl Jo ol aiilhos
by (Y SemadS gilwaiogn sy (V o)ls
S slo g 5l (mdne - (—5S1 8 gilwaign
bt e gl (¥ Ik gryaely (15 aS)ke

— [ E— Y
boababls JS025 5 e sl gl ey jolis
aladls | gaidp.
il wdan &g yolie s s590 Galys (Soluan Jolsh dusloea
ol poggn il Sl (sl ol Jloisl agloxs
<ly> g
——— e (€
395 Ol (wy i o Ll
. (R (Bl
adls 4 Ol o . e
@ T L0 fl polie e E——
9ebgye
s L glaole (il l T
baladls Sl jg
bl ()
&5 385
e glalad p co Bolas Wy
b . x= g3
gl j6 — > .
iz o] P
ab
citmg o> (ghudpe> Shoyigp il o alabls ciidps
el ooled (slaclyr o bl (Solon Jolsh dsubre |
Pk sl S5 Bl A5 > el (gl piiie Lo (slaojls dplre
l Olg yn bl Jlais] dpusloce
ool 235250 Gaolsx (iales > ol

9 dpe>

Solgidg ddunaiz ainaSll oyloald -V IS

Sl dsuwgi g o dopis

<4

\FoFolaalays . Jgl oylass . @mdjlgs Jlw



OF2

e Lol Glual & )soa 5L el 5 6550 s s
POl S (i g an Wi alle o S Sl e
el Lol gl ) saliil SisSe epe 4S5 Gl
SOl Smie 55 » d9zse b G Sy e (F) SIS 0
(OF) 2B, 555! adgs onims plis 28] jame oS Sloal
saioplid wiblse (OF,) o L3 celi Sgoe jymo
el S0 e ol sl S

3 Jlasiwl LB alizes conlw aiws aw (F) So
azlz oo Gloles |y B 000 alis ol Soxie
$335LS 3L sl s S ierenas ool Saa
sl (F) S A b 5o oo oals lis bl 1wl wsl
gl ool Buo azolis aigles ooliiw] piw Co e
o 00ls lid bl 51 50, 00 il (2B 555
azlir bl o conlio pluws Co e gl B asl )0
it Al anals Sy Loys cogsl Gun g0 o
C axmb yo @ly slocaslon 5 LSu wo)l 0,00 Camsliws
Sbbge JobS S

900 |
A
800 | \'\)
700 </, C B
600 ' el
500 > -
: -
400 |
300
200
100
0
0 500 1000 1500 2000 2500 3000
OF1
- MOMS

it 31 (8510530589 Bliko Gl ~F JSub

0399 S 10 03e 0033 pleal dilale (S0l (0) JSeit
Solis s e oonlice 45 jebolen amo e lis |
Jasl 51 ol 005 o35 wlals 0,055 plac] . Siles
90 ol ool i) wgame jlaws Gilie sbrccwlew
Jd s b aSil Jol canl alsls Wl o suee cde
SSasS o) ok Jlb cud b blie 55 Koo o3l
Joxe 5o pusiws LB Glapl,z @Sl pes 5 wiin
) 4 9959 sl Sl sidon Jles o2 jee

] Cwd YL

\144

\FoF olaslays . Jgl oylai . amojlyo Jlw

1 sleelsn oobmee 9 5SS 5l SS9 38 oiBe g s
sl lined obiwl 5o 3o 6lbsg, gy 2 4 ol Gl
Glanl 5 oLdlis candse ot s ol el oo
dibhio Of golie o e 53 (53b) Caotl (5519 100 140 £ 9300

] oo S5 (35 ol ol sl Sig aelsl o .5 yls

o ool 51 S by o &S e YoV o glasyl e
el 05,5 haud ailee gl g lpl o S

S b S Lo e o)Lle W VF Sgus e Cud b @
S o pl 8 OF (g3lwe 3 ol oz g LB

SSlas 51,5 50 Gie b Coluwe (5o Coluee 0

Solaly Gialidl el 0T (oib &S g S e g5 o
g ge O HLad ol )0 Cuaglie

Sz o LS

e S 59 S5 SISl aBawgs gilw e sl m
G rinS 5551 855 5 5L caels Blanl b s FY ey
Lol 5l Jeolo ol oSl o) 000 gz g adly
LS gy gline s ddamgs gilwage Joo S mls
sl 50 50 sl el alagy aolie el ouds aunlie
el doxie sl izl o cawlus Jdog 1 eolawl U
S ielily preenad gl st Gludae (ol 5ol ons
Slwlome £9,5 53 O350 0033 px> 9 (50 Glo b i
sl e

S SS planw 5o Golas 00,980l 4S (T 3l e
e sl sl lo plis 33 5l oe3 Hlws o Slee
s S (g3bding 50 0T 2 See o238 slo 2 Ulss
Al ¥V Gawe wily 050 SG gl ooz Ll S350 aw
Sl adad g0 aliie G oy 390 i 0D )0
Slaal o, (555 duw plns 5l 5515 0 0 (55 luveign
0392 0,85 (555l blie (T 5L5 el 5 (55,51 g
&ly 2B 655! adss o9, g0 pole isu )0 el
i (2l o 5 0,85 9 e e 3Bee s by 5o
¥V ol i @ oSy, ol ol cod )b o 00538l
By slm Ol Froo g i oo 05,00 sl Wl
bl 0,2)

sl Jslas el (slwoe oul 5o conl S5 ay p3Y
35 Oygody alBogy Blide goojl o Swn) busee

Sl dsawgi g of oy




350

-
'

B

e} ~

> 250 |

_‘i 200

3

= _ 150 -

4 5

3 E 100 -

%

%; 50 -

;-. 0 : : —_—
¥ ‘i_}k}g};.jj{%a%%
3 S R

-8-A Policy —e-B Policy -+ C Policy

b) 800

5 700 A

R

2 600 -

3

9 500 -

E 400 |

5 £ o..

3 g 300 | oo

'é; 200 1

4. 100 - [r,,/

q, o El‘_»;

X Ca s

v %5‘ )

-8-A Policy -e-B Policy —C Policy

g2 0y) (ijtra | oudy udslay Gyl dlale aSilue -5 IS
(S0 yio (3gkea) G5l ol 9L paals

2 LS piulidl cge ilas aiel olotol gy

Adu duw (65 lwdingy
@Wan L ph)sdl p Al S Ojee was el o
O piliee a5 wde,> @b by, I eoliil slaay
by aalin (g il tan > el ool
099y o2l 50wl ouds eolaiwl (Y+)3) Rozos solpiny
P o il oo 4t lis "ade Ll g, lgieas oS
5hss polie 500 Ol p Olyz o blus jasis
@ azgi b gdie a8 S jo g ALl (LES 5 098
ol b eslatul taghy ol 5o LS Syee alivws LSl
Gty g p)sS LB 2 i s (SOl L by,
Jowe 0 li8l e ahdls | azge e ol Bis
wolol S 4 S0 ol g5 n solein
LOlsz (05 az g0 (piuw 398 5l asd az o slo)lre
Solcan alols Jluio g Gan olg polie s bl

Sl dsuwgi g o dopis

a) 1650
1600
1550
2 1500
2 1450
"5 1400
¥ 1350
% 1300
1250
1200 . ;

; R 5y NS
AL ;’qu?\)j;-ﬁ? E N

-8-A Policy -e-B Policy ——C Policy

& 7 ? }’?j}g?\’ 33-.’3 ER I
) . - 37

-8-A Policy B Policy —C Policy

¢) 3500
3300 | P—

4 3100 S Soe
o 2000 | o L
% 2700 | e
% 2300 ,»r-"/ S \
a 2300 { 7 .,
Y2100 { A

1900 | ° ‘

1700 1 Npoeeme g
1500 .

P R

"
a\
"o -
-
Y
A s
\
\

-8-A Policy ~e-B Policy -+ C Policy

e Ujlia 053 el Suowil ilale (aSile - JSub
(=S yio galao)

Slheads canloy ol 2 albble (Sile jlaie (7) JSi
Joel 31 ol 1y 55,51 955 5 55 mels cagr 0,25 (33500
S5 oo 098 Lo 323 o (sl sy (Lo ABaw slaccwlow
25k 0wl sl oas cealsy ol eslie iy oS
Jlo 51 lmolo 5 5 sl 435 5 & 90 A slns Jloe! oo
lbcnlin 5,Shee loo BN Conl i 5Lo polie o5

ilign Somgale o3 el 53 Calisee

VoF olaolays . Jgloylauis . pasjlgo Juw | YA




MOMS Final Resuls

Bl Guss dw §Lad ;o ddua duw Jio i Jolo lgs ol -V JSui

sl o iolas WolS oty oS oo sl slacly>
aSb s e i & wSload JiSy aliase Glacal
ALT,8 g rten b owlad S )8 alie axge,nt glad o
L psys3dl 5 o Bio azge pué ooy oy 4 J>
i A SOl 0 Cos @ azge ooy L
635,k agez oo LSl oS plaolsr coles 5 9990
3 Jeols ls (A) JSi 5o . wSgids oo Juols i alins
S o hslas alS adgl slacly> 5 golgiiog oknyS)]
diloads Sl,l a8l b iy SOz oy sl SesSs

MOMS Results

3rd Objective Function

#107

2nd Objective Functi
St 1st Objective Function

Juajl Jolo 2l slaclaz )US 5 Bolad adgl slavly -A JSi
Blunl gums daw gLAd o

(S5 2T blis) oles zls a5 25 e capline (A) JSis 0
Slaal gamy daw slad IS 51 SzsS lowe Cond S o
adsl sloolyz 5l oS il e o lagT (So,53 5 o0y 23l

blige (S5 508 blis) olas
e as v0s8) 5l Juole (les b (3) S 0
sl 5l ol ol @S L avolie jo solpiiny
Slaxd jo dwslie ol cewl sad ools igles NSGA-II
oadlice a5 4gSSled el 418 S O yguo HLaSe sloo gl
Bl s (55 sl sl lgz 4 BAT (2 )s30) 59 o0
3lass ¢l »3 NSGAIL 5| ols slailss i 53 .en
SalS 535,y agur Sy 4 wolaiaslyis Soia Ban b 30

16  IfeFolooloys . Jol oylasis . @mojlys Jlw

Adu duw (65 lwddags s

Wap 9> i ) ol zrhe Al Gled gy alivee
el Ol oo 4z )3 aBloo W J 1S Eamey ogdleay
y M J5S 5 285 6551 s gimlas slajls
S8l el e S 5590 pitacew Bhial lgiea
Joo 93 Ojgu04; ailog) alize (boojly o ) baaze
Ll

3,529 oedgl Olgieas e cpl o &S (ol> 5 505y (ol 5o
S @ bgyse Buo @l gl o0 7 ke ado a 3lo Joe
05035 plaxal Gglis (s Ol o £ 50200 O jguody OV
25 lale Sloy slpls )0 ool Cslhe polie b o)l
slagaie glo bl s poeal glo e ool ous
Dbl o s 3l (510 20 1 Loy

o 2ol (gilwaigy p)sSIl DD 5 85 ) ol
soloiion 008l b 1y LS 8590 (Si5edans pliacew o]
o8] 5 Jeols mlo L Jeols alis 5 00,5 agy
s se dunglie plis giluaing:

g8 alas glaei ;oS eled sl ol Bun g0
S5 b 5k e sloolsz @lS (Wl b Olys o
icawlie SSLSS 5 £55 b ol 09,8 lay (0 0T &
AlansS o eS|y (plas obatgy oSl S
I obme olgin SToo3lu 00yl 1y e S5 Bam g3 50
el slolsz 030 Suo5 Blime ol alwy 4 oS 3503
520 b puizmed 5 Wl Cawsts gL slaols> 4 1,
wadb ool pasis bolyx mjeh olime of dhwsgey &S
S 099 S B pisSIl g 0 Sdee oS e oST
Sl o Sdee jlne 90 ap 4l jo Laumin 6500 4 e
ol L5 adae s pbagr slap)sS) cenle (2L
ol dpde alie So oy 2 390 e aSl 4 a5l
shol il s52 aline 358 Jloel Ll iz 55
3 pisSIl el 5l olgice wibe piygSIl o Sdee
Carodly slae So plgieds Alins azge slools 8L
9 NSGA-TT p,630] 2ult dwnlio cpz 1 .z 0,00
o 2ol)l 4 o Sl Julo plasl 51 g olas
Rl Sz b Glol azle Ololpiiog 5leslisnl b g
sz Jlizl g /AN CaS 5 s pgisng,S A0 L
2 (V) S ol ooy a8 )5 5 p0 1S5 Acer L - /)
Lo LSS VIV Sl g olpiinn Joe Sl Jol> 2o
Slasl oz aw glad ;o 1) oz Slgjs ades Yaeee--
B2 o lis

Sl dsawgi g of oy




e 9yShas 53 yjliee Lyids sy

Cawddy JoLS sl oo iy & 3992 U (e ool 5o
g7 5 4) 5 el 5 530l s Slaal gl oasel
aSlsp Glide OV Ho (VoSS jo 28l jemme g g390e
S o 28,5 1 3 ool Cilitiee ool 555 0
Slasl (13905 03,51 1 s Cilizee o3lBee 30 OV
OVl S olo 5wl 438 S 51,8 Ll g auso 9550 500
iy 2 g el A gl i ol 5o 0 oo Cikidee
5 5ot S8 s S5 ool il pslie 50
2 Oladie 7 4y dolsl jo aS ol oads adll pivacew
sl 0 4315 1 T 51 Lol gl 5 ol >

oo M J55S e il pslie 3G (10) JSo
alizes Hloges aiws ¥ LIB jo 1) 0,m) Jidedis S
sl 50 OV S35 e jlaged S 50 ams e plis
Slade w0, B S G35 sl g 0l (88 ol Gjle
s slmols o a5 S 5 plyieas cilie
S g ol LB oo oS pend Bl 53 5
5o 0ad a5l e loges Liwl ous 5,8 il o WM
5L el 5 5350 a5 Bl Jols glasimie el 50
b e oolpiinn Jowo wgs ool Cawsdy

sz 03B o1 50 45 amo e plid |y > (a-)+) JSe
o (2 2S5 5 1y O LS e e oS
S Gz 53 blioe ppn 2590 DI Oles yo (Jlad
Il (3903 03,901 3 0,85 s e JLab S b i
g wlss Scenl  leay &350 el pogaza Koo
35 lBl b el asioe jloges ol jo &S jsbolen
U5 w55n ol (M U5 pr 2805) O 55
sloe s 5L el 5 5550 g 4 3ol s
3 S awo e plis A o 1y Blaal Jols (b-Ve) JSei
5 ez O Jb ez juolie LB o a4 o o
ool sl €53 Bl il e 55 oile oS JisS
KUK EONN (B PYVER SN NS0 PR PUSES IR,
oo glabazde BB olje 4y places S 0 Sdae 0,05
@ S 03wl Cawsds JolS slo i S jo el
b sial38 gy 0,25 e (35500 53 O JUS o S
DS es Jlis | pols paals

5 abbe salin hyls snmoglic jo fc-)) JSb
003 b )b o yiien oLl s g e jle >
5,5ee 3 a1 Eydge i 45 Wyls 1y 93 b
22l o piw S 0,8 ae 025 s (350

Sl dsuwgi g o dopis

g

ctive Function

g 8 B

3rd Obje
g

B, »

Bl
2nd Objective Function

NSGA_II a8l g BAT Juto | Juolo olas sl -8 JSeio
Blum! Gums dw gLad yo

w38 2 oS5 Lol gl oS dylie g gl o
e 51 NSGA_II )5S 51 ol sl L (BAT) (golpiiony
0353l 53 42 oS Ll 5l ous solaiiwl dcgammo g
S wileioe Joo (Solad gooxinz ulul B 5550
AesSe bgo 90 Opgeoty gl 51 S Lo Jase (ol Y
Jeol oles mlis sl degeazme (g slxe g 0o duylie

o @) (1) gz »o gl ol deo ¥ el o0 ducnslons

dcgaza Lindgs Jlma 9ygly LG -) Jgio
45)S S50 duw-ddum duw Juo gl
Min Mean Max

C (BAT, NSGA-II) 75 /YV 7 VA/8¥ 74:/As

C(NSGA-II, BAT) 7+  7Z¥§/VY 7%./4f

olie (5 S0lee 4S 0gi o saali o aoulis (ol 4o
Sl o 3 s dgliie Y+ 3l JLol> C(BAT, NSGA-TI)
i 2 lio jgbods aS Gl o ol el .ewl 0340 VA /Y
s NSGA_II pigys80 5| Lol oles slacls 51 VA 5
arle Blie glal 2] 53 BAT pioSL il fol> oo slocls
NSGA_IL 5,Skee el i yig 53 slone ool dlonss Cionnd
C(NSGA-TI, BAT) e iy yiaS cypiead -2l oo 057 S90
PISORIRTIURA SUSU DU TURN PR IO S SN |0
oo 2o sleolsz 5l Sazmed )b Sy JBla i8S @500
S s adé NSGA_TT lg5 glolss s BAT
ol oo JSio 0 5S35 sl patiie oS WSplen
O 3o (S8 oM J 708 e b 3j95 52 595,50,
i 5|6l 20 0 S 585 42,8 g3lwdingr g o]
a0 2l g OMnw S Al 28,5 1550 b S5 Wiz
oS oals Al hngdy ol 5o dadz (59,50 (50l S S
5oz Lrppiamns 3l (6120 14 489 A (s 0 &y 20
el oads gllae g9o0i &y 5050 Blasl (285 i s

VoF olaoloys . Jgloylauis . pasjlgo Juw | YYo




s JS 50 55,50 Hlade (St adg 4 e &S
el oo

2 Sl piee IS5 292 DM (20 Shae olie
00 83591 (V) Jgo 5o oV +) IS 5o suus 31,1 V> 51 So
S o ol 53 ool cwy OV Gl ccwl
RS yte VIVA ply el (29,5 O Sy
2 Mo S8 51,5 a8 amo e 7y oSl 5 00gy 4l
D0l by b 1,50 V0 Sl 0,85 w35

a) o 50}

4 90E+H)E

4.80E+08 P
£ 4.70E+08
4.60E+08 A

4 50E+08 A .

8 +
4 40E+08 & + f

1
= 4 30EH)8 % §
+

OF2 (Power Generation)
>
*

4 20E+H)8

4. 10EH)8

104.0 105.0 106.0 107.0 108.0

OF1 (Demand Deficit Objective)
S NWL=1015 +NWL=1020 & NWL=1025

102.0 103.0

c) o R
4 BOE+08

4 TOE+08 ° @
§4,505+m + o
2

= 4,50E+08
o

=

L

& 4.40E+08
8 430+08
=]

& 4.20E+08
~

=

S 4.10E+08

4 00E+08

3.90E+08

5 Sl Jols sl pow sacaoglic (d-V+) JSei
SIS o Sles poosB) s GiFe o (13851 >
gy Jedd Gredar g o)l 1y 053 Hlade 56T i
Lol Lo oo 000 Jold slo s jo paiie Ol S
B35 ol s S 515 88 bl cotls cBs il
ol o lan b il 095 jladie cp i b ol

b) 0 R
4.65E+08

4.60E+HR .t
-
5 4.55EH08 £ N
=
g 4.50E+08 + PO
=
S 4 45E+08
E L _0
£ 4.40E+08
=]
£ 435EH] .
2 + el
& 4.30E+08 A ©
Ao
425E+H08 8

4. 20EH)8

1030 1035 107.0 1075

1040 1045 1050 1055 1060 1065
OF1 (Demand Deficit Objective)

o NWL=1015 +NWL=1020 a NWL=1025

d) 3

5. 50EH)8

530E+H08
Es. 10E+0R i
'% 490E+H0R -
§ 4.70E+08
‘;’6 4.50E+08 Lor
£ 430E+08
=
= 4. 10E+08
=
S 3.90EHR
3 T0EHR

3.50EH8

1020 1040 1060

1080 1100

1120 1140 1160 1180

1020 1040 1060

108.0 1100

1120 1140 1160

118.0

120.0

OF1 (Demand Deficit Objective)

o NWL=1015 +NWL=1020 &+ NWL=1025

OF1 (Demand Deficit Objective)

o NWL=1015

+ NWL=1020

4 NWL=1025

3500 Blun] (53343 505910 33 L IS OySLas 13 0405 dww (1380 33 Wb JyiS axo Lalites polioe 5 -Yo JSuis

(€MS) 0y daw U350 30 LWw JyiLS alika Glajlys il o piww j| 52955 L Ww S -Y Jgue
(d.:.!lj).‘ wSayia) Al Yoooo W;.S)L. 0)99 IJ uu.u.u .5‘),‘

Moaws JyiS x> cilieo sl

L e | e e

yrva 2481 AYQY ARYATA AR
VALY AY -0 YATAR \R¥424 \ove.
vavaA A¥A¥ AFOY¥ \-YVYA AR

Sl dsawgi g of oy

\FoF olaslays . Jgl oylai . amojlyo Jlw

Wy



2 i OiFe b b g s aulS (a-)) JSa) U
oo line Blgi so sl 00l 5 e plis (IS (5550 0o
sz O b codyb eai b el Gl o aS oS
95 a5 (a3 Sl e S 55 (el po Sl s
Nigd o 54285 JB Ol sl (655 s uolie Lol
0,8 dw & Bre (] yo &S s o lis 1y > (d-)) JSei
)l 1y 093 Jlad 0 ud cudyb o iion 55 g oLl
a s IS 9 Sloe ez Cud )b Ll s o
Sg oo 0ddline b Sl cpl jo .cwl suw) 395 J8los>
551 Mg 1y slala e BB 5B 35 ol cud )b oS
O S px 1B L g o0 9 il piaces JS 50
1S Gl 381w IS 59 15 6551 95 0lgS 350 ol 5o
ez O%e 1 e soMew o Sl olie
ooy Sl WY 51 Sa o sl i Lo 29,5 lyieas
o OV Gle 5ladloacs 03,57 (¥) Jgaz 50 (M) JSio 5o
V¥ 2l (20,2 M S (55 cod (l 55 00
JAES 315 a8 ams e &) (2B g 039 4l 5y CxSie e
Bl Lo s 51 e AVl e 5500 50 O

4.70E+08

4 6DE+0R e
2 4.50E+08 *
5 P
E 4.4DE+08 f
™
£ 4 30E+08 ¢
3 A
Q 4.20E+08 i
5
£ 4.10E+08
&
= 4.0DE+08
© 3.90E+08 o
31 BOE+08

3.70E+08
100.0 105.0 110.0 1150 1200

OF1 (Demand Deficit Objective)

& NWL=830 +NWL=835 & NWL=840

po Cilitee polie ol (SsSs sasmsplas (1) JSeo
b oo s A S Slae o jdiozr O350 O S
BT 55 48 wms e olis Ll o 1y Glaal Jols (a-)) JSs
JBd 0,035 b b (56T 35S g sedipr 0,8 S (3Bee
ot e O33e Jlad od )b jlade azeis po . a0)ls )
3313 s JS 55 5L el 5 IS (6550 adss e 1y 3G
IS pe uolie Ol L aS 09 e 0000 Hloges ol jo
o35 JoL5 o siomie 3o ool o 5SzsS s
wilion i JS sl e 6551 355 5 5L el
BT 59 a8 el Ll o Blaal Jols sazmselis (b-1Y) IS
G 595 9 313 0,05 aw il5e Jlad 0 33 o b |
5 aS S sadlice Glgh o el ouds €S L8 cdb @
iRl AP g i (e 0pd Cudib (ols s
b @l cl -0 35 el 2 B30 gy 53 s
3,8 ee S snimoplic g il swiid Olosogas
Ol 30 &S Cewl LUl jo Slaal Jols sacmsglis (c-V) JSi
Sl 4 G 35S g0, dw o3le Jlad 0 050 eud b

4. TOE+H)8

4.60E+08 s
2 4.50E+08 f
440E+H)R a0®
2 430E+08 A ’ 50
=]

4 20E+H)8

OF2 (Power Generation)

4. 10E+)8

4 00E+H)R
1020 1030 1040 1050 1060 1070 1080 1090 1100

OF1 (Demand Deficit Objective)
o NWL=830 +NWL=835 & NWL=840

(!) i
4. 75EHIB

4.T0E+08
f‘
A
A
£
A
A

=4.65E+H08

=]

'S 4 60E+08

g

2 4 55E+08

L

Q 4.50E+08

-

-

£ 4.45E+08

=]

& 4.40E+08

=

© 4.35E+H08 o
430E+H08

4. 25EHIR
103.0 104.0 105.0 106.0 107.0 108.0

OF1 (Demand Deficit Objective)
o NWL=8§30 +NWL=835 & NWL=840

5.50E+08

530E+08
gs_mmns 4
'gd_onmns ‘:‘ JU . .+ .
£ 4.T0E+08 Ky
é‘ + 0o O
T 4.50E+08 + gg
4 o
£ 430E+08 g
& o
S 4.10E+08 o
© 3.90E+08 °

3 TOEHOR

350E+H08
1000 1020 1040 1060 1080 110.0 1120 1140 1160 1180

OF1 (Demand Deficit Objective)
o NWL=830 +NWL=835 &NWL=§40

3520 Blunnl (305,03 03913 ) wisww S 3)SLas 3 e Gje )0 W S ez alitea poliae 56 -1) JSi

Sl dsuwgi g o dopis

VYo olaoloys . Jgloylauis . padjlgo Juw | YYY




(cms) yub e Hj%a 0 Wl JyiS wilies Glojlys 6l do it j1 52 9y5 LW S -V Jgus

(4.3.»[3).’ wSayia) dlw oooo Q.&f)b 090 b wlw gly

OSs J5S pn iz sl

BRI
‘AR AD-A AY- Y

1AFaF A
Vra) AV-Q AFA¥ 15y A¥D
VAAF AQ\Y ASBY \-VVA A¥-

51 s Al () Jsaz 5 (1Y) JSeis o sus 48l,) oYl
Rl 529 DM Sop (S 0l (g p WY Gle
5 aS ams e ) elBin g 0g 4l Ly S ie VIYY
by b 51 %o DAl oLl s o350 50 OV 558
PEILST PCONIRNERIEN DOVIE NVSTH TR JUISE L JRV. 8
OV ol o33 ol 5o O J50S 515 &S widl e LS
M S oole o gl j3 &S sl by gl Sl e

el 45l e ,i0 V¢ FAR ol e 5l (29>

a) 5'-'])-'"
465E+08
) A A A
4.60E+08 Laaaa A4
T 4556408 st e
e At st
- Vi
£ 4.50E+08 Wb+ o
o s =}
£ 3 oF
W 445E+08 ¥
4] . & o
5 4 4081 ¢
3 4.40E+08 F o
£ 43582 $oe
= 4.35E+08 ¥ o
£ §
S 4.30E+08 .
425E+08 + g
4 20E+08
102.0 104.0 106.0 108.0 110.0 112.0
OF1 (Demand Deficit Objective)
o NWL=515 +NWL=520 & NWL=525
C) sbl o>
490EH)8
s
?4.8054-{]8 At . + ¢+ ¥
=] a +
= +
£ 4 TOEHE A *
o
g &
r A +
2 460E+08 n N o o
o
E * oo ° e °
= 4.50E+08 e + o
2 SN
3 °
440E+08 e
o
8
430EH)8
1020 1030 1040 1050 1060 1070 1080 1090 1100
OF1 (Demand Deficit Objective)
o NWL=515 + NWL=520 & NWL=523

s JS pne ilides polie 36 SigSx (1Y) JSe
e ol e IS 0 Slee ) obTS (55
IS jo oad Al Lalise Cllo e s j0 &S jsbilen
Uy e Jlad 0,55 o, woanl saaline LG (1Y)
zly3eil 6350 955 55 o g aliaie S gjLs el 5 oo
Syl S Jae ol eas

ropz O3 3l 2,5 oM (o Sl polie

PSS 2 Gl iomop O350 e o >g,5 Olsieas

3500 Blual (33303 03Ty 30 i oIS 33SLas 33 LTS (5520 30 Wl S @z Laliza yolie 56 -1V JSui

\FoF olaslays . Jgl oylai . amojlyo Jlw

wy

4 B0E+08
470E+408 . i "
= A
=] A
£ 4.60E+08 i
= a2 +
5 L4 Lot
£ 4.50E+08 R L o+t
Q 4t e © o
: &+ o o
E 4 A0E+08 L P o
+
% 430E+08 8
=
=}
420E+08 °
4. 10E+08
1020 1040 1060 1080 1100 (120 1140 1160 1180
OF1 (Demand Deficit Objective)
o NWL=515 +NWL=520 &NWL=525
d) ol
470E+408
4.60E+08 N a4 4
Ak
= it o ©
S 450E408 | u X .t o ©
El w* o
5 4.40E-+08 +F o ©
2 N o
< 1.30E+08 *
; + o
é 420E+08 * o
& 4.10E+08 + °
=] o
4.00E+08 *
3.90E+08
1020 1030 1040 1050 1060 1070 1080 1090 1100 111.0
OF1 (Demand Deficit Objective)
aNWL=515 +NWL=520 & NWL=525

Sl dsawgi g of oy



(ems) oblyus yjiea 50 oM JyiiS chliteo Glmjlys Gl o @inns j1 2 9)5 LW S - F Jguo
(d.,pl.'i).s wSayia) dlw Voooo u.;I.S)b 050 b wlw gly

Sl (55 0 (NWL) O3 S5 515

81
ASY'Y 1454 A¥AQ A¥ay oy
AR3A Je5-¥ ASO¥ 1+ ¥AQ ava

YW 2l (295 @M Sy (505 0ad (o) p I
RS 15 a8 w0 2y (K 5 009y 4l CaSesie
Ol il Lo b 51 e YVl 36 G35 5o (2%eS
4038 e Olyiear &S ol Ll plod s o cdl
o SVl (2505 Gizred b g S O J0S
ol 53 Moo J 255 31,5 48 w8l o Bl ol ppiinn o
e el cpl 4o il by mh 51 jZe Y¥e ol 3o
45l aSeo 5o V VWA ol el 5 (5295 OMw S
A )l 6)‘3)'1“’)'6’.’ wL«o WLM» JLo.C' L: 0'9“@

8l s (65,31 Ss5 e ¢y o

DM J5ES paes ilides puslie 5B (SigSx (V) JSi
aihio slajls uels 5o pian 3,Skes o 1) 565 (55
ooy plis WVls eled jo w0 plis 6551 adgs g
S oz Gil38l L oS 9050 oo oamlice (W) JSi 53 00
Slaal (53905 63 )91 52 3 pieccs JS 055 13300 (2l )3 OMews
Shils FsS P &S cails eds Wb wbe prals Koo
sob,z solie (piting 5 Jlid 033 pxo (0,555

il oo S5 S50 plv )5 (6399
350 )z s Sl (29,5 GOV (0 Sl ol
S Y 51 Sa 8 6l 5585 G50 s Gl 5o 55 590
Ol 5 3o ools (ialel (8) Jeuzr 5o (1Y) JSei 55 0o

o NWL=220 +NWL=225 & NWL=230

a) oS b) A
4.60E+08 4.90E+08
4.55E+08 “A abd a4 4.80E+08 N A A
= et = At
S 4.50E+08 f f"“ S 4.70E+08 LAt .
K E A s +_*t *
8 4.45E+08 4 S 4.60E+08 ak .ot °
£ g i .t °
& } O§D & A + ¥ o
© 4.40E+08 + o T 4.50E+08 Pl "
o
%435E+08 N £, 05408 A . o
=% 4 & * &
.
& 4.30E+08 g & 4.30E+08 * g
< o =] o
425E+08 4.20E+08 o
4.20E+08 4. 10E+08
1025 1030 1035 1040 1045 1050 1055 1060 102.0 1030 1040 1050 1060 1070 1080 1090 1100
OF1 (Demand Deficit Objective) OF1 (Demand Deficit Objective)
o NWL=220 + NWL=225 4 NWL=230 © NWL=220 + NWL=225 4 N'WL=230
©) FsS d) FsS
4. 70E+08 5.50E+08
5.30E+08
4.60E+08 K . A 4 4
= i = 5.10E+08 4
g + + o E Ak
E 4.30E+08 | ¢ + e © © E 4.90E+08 ot
) A + o® o A
S 440608 | * . s ° 5 4 TOEH0R N . R
< = R o T 4.S0E+08 5 w0
E 4.30E+08 o £ 4305408 +'8
& : =) °©
4 20E+08 e = 4.10E+08 o
= & A °
= ¥ C 3.90E+08
4. 10E+08
3. T0E+08
4.00E+08 3.50E+08
1020 1040 1060 1080 1100 1120 1140 1160 1000 1020 1040 1060 1080 1100 1120 1140
OF1 (Demand Deficit Objective) OF1 (Demand Deficit Objective)
o NWL=220 + NWL=225 & NWL=230

500 Blunl 9.5 039130 50 Akussns IS 3ySLas 3 S Ujine y0 Mlww JyiiS e chlites polio pili -1V S

Yo olaoloys . Jgloylauis . pasjlgo Jlw VY

Sl dsuwgi g o dopis



(€ms) 535S 035 50 W S hlitea Glaojlys Glil s @itan jl 2 9y% oW Sy -0 Jouz
(4,9[3).: wSayia) dlw Yoooo &A’S)b 090 b wlw gly

555 05500 38 (NWL) G J,S 31,5

YY.
VERY AA¥E ABA- qvss YYa
MY 22 1-04 1+ VYA Yv.

ST s 31 (5319 20 g St 5 Lol olgs gz I Joe
o ool Jlo Vo G 4y 35250 Hlel paw S gu U
ol 53 sl 00 &1 () B (5) Jslas 5 Jols zulis aS
035 3l syl 0 e segman Hlol Wdgi Cz 15 byl
hoslisnl b () Joo Bolas gloielily (Cmiin s

el ode] Cawsas Excel 3800 5

iVl Glopoyy oyl polie @l -V Jouo
Sladlw ©lys AR () Jue jl oolaiwl b oy oSl

VFIV - \FoW

Jl ke polie

(450 S 2i)
\F. v \eav /747
\¥.¥ V-Ad /47y
\¥-0 WeY /\FY
\¥.% WAV /EYY
\Fev WY /Y
\¥-A \-AA /A
\F.q e ¥ /ArY
V¥Y. WEY/AZA
VEN M4 /YA
\FVY \-¥a /)

o

\FoF olaslays . Jgl oylai . amojlyo Jlw

o 2315 bl b LT Gollad 5 o Jodos ol € gz
05l = 5o Lagl cobhld 5 ojle wiin Oliogas
Joe o Slee Cmo sssdoylis calize Bloal isle
Sy90 (PiFe Wz e Julz g s o olpiday

b B
ol 3l il Joe Ol g (33l (2885 0ge3T 51 e

G130 ey yolie Zolis -F Jouo
Sl AR () Juo 3l oolaiwl L jo oS! asVlw
VEIY-\Fo W gl JLuw

Jus by polie
(48l 51 aSes 5i0)
\¥.v WY /90
V¥ 1174 /AY
Vo 1¥Ya /ava
\¥.r \WYE /A
\¥.v \WY. /EVY
VEA VEFY /-qy
T Voo /VEY
VY- 5 /PaF
P \YeA/¥YA
\F\Y WAV /YFA

Sl dsawgi g of oy




o

oLl
s°
O
2598
Sl 3 ..‘b)l

Sl =

KKY9

292 M4

obl

S°

2998
w""eﬂ"’" ...'5)‘

Sl >

KPS

292 140

Sl dsuwgi g o dopis

ARMA (2,5) Juo 3 oolasiwl b oy ool ouus i sy dilale g)lopoyg —A Jyuo

(4 33 u=Sayia) VEIY = VFoV la L gl

L | 2% S | 2 | | S ML 2L VEY. VEN

A J€5  AS/EY A /YE VAJAY AA/AY V/AQ 0 \ee/3 AD/FE AF/AY
Ya/VA YV/YE O FR/VY O AV/AY  FE/YA YA/00  YA/AY  FV/8)Y ¥5/en
E/QF YV \/SAY N/AD S/EYY Y80 AR E/FVA E/ESY
\VE Y/EV O Y/NA Y ae¢ Y/YEY Y/OFE YN8 Y/FA Y/FA
Y/¥\Y/SY O Y/04 Y/aYa Y/¥Aa YR Y/NE Y/vas Y /50
/YN S/YSE L NRS O ¥/SEA /N E/5Y VA8 Y/¥SA VW /AY
VA /e WY AR/ A/A L AF/FS VAT e /YF FA/RY ARV
WE/A AWY/VS AR/ RY LY/ ARY/E VR AY /AR \FA/S
WY/A WYY NA8/Y 8/ VOA/3 WA YA/ NAY/) WAV
QA/Y  YSY/N NAA/A WY /A YN AY/AF WAY/S \SR/F \A5/0
YOE/¥OONY/VWA/Y WAE/S T YA/3 YA/ WA/¥ O AL AV

VEV/A NSV NER/F NER/E AWVE/ZA VBV /R NAV/Y AY/Y \5a/f

ARMA (1,5) Jua jl oolasiw! b jo olSiwul ouds (ius i dilala gylopoyys -Q Jyus
(el ) mSayia) Y- 1Eol gla Sl glys

DL 2 T 2V S | 2% 2| R 1.2 S| 2C B L LD 12l
WY ONS/A5 0 AAV/AY V0/AA 18-/ LY/NE D ASE/AY WE/EA AR /AT
PI/W VE/SY SE/AY YR/A O/ F\/VA VeV BE/Y RV VY
JEE Y500 MNA AY/A B/FFE V/B58 W/PE ¥/5E L /SVY
Y/YON  Y/VEV O Y/E5 Y/35 \/VA Y/YEY V\/AAF YV p/YeE
Y/YYY Y/OVY  \/AAA Y/FA Y/.VA O Y/SAF \JAFS  Y/WAE Y/YeY
Y/AY  Y/YAY O Y/YAA O R/EY V/AVE Y/FeA \/R9F Y/Yes Y/RA
FYSNY O YO/¥Y N/8Y WYY A /RN YY/RA LYY/ Fo/AY AVF
PY/E AYA/EY AWWY/A AWV/EF AWWA/SY NAZRY VEL/GA A AE VeV /pE
1$A/Y \0F/AY  VEA/A AFE/AE VAY/YY AR A5 v YYA  YAa/YY
YYe/h YES/E YWV YYA/3) YFA/R YYS/B YVY/4 Yaa/8)  YFA/AV
ME/VY YYV/V O YER/Y O YRQ/AE YAA/E) YRA/YE YVA/SY YAA/E VST Y

VAE/SV Yoo /Y AAD/Y VAE/VE YA /3] YeS/B5 YA./VE YYQ/AD V.S

\FoFolaalays . Jgl oylass . @mdjlgs Jlw

YFAY
VE/ Y
\E/5E

Y/\A
WARKA

Y

/5%
A3/
W5 /v
\$9/A
Ve /)

VWA

WYV /)

YFAY
V¥ /A
¥a /vy
Y /vy
Y /6%
Y/O¥A
Y /EAY
11+ /34
Yo ,/VY
VAY /Y
YFY /v
YEA/AS

YY¥ /v

\\44



ol il dlols ailons dwslie de) ool o 2 ke
i8I cemlie Hln 0 Shoe saas plio (Jols
b goleiden

Bl (imgn ol Shel Slaal I So vlsieds e
ot gl gliinl 5 Jolod 5 4 6l cenlie
Sl 5285 15 50 b S35 iz s | 5310500 42
S5 055 5 6500LS 5 samn) b 3L el wS Lo
T 51 el o 4Bl s 555 allas LS o 50
oo S L lpiiaw iy o oud ol Slusl oS
by o B Wlgs o Joo gl Sl ool il oo 2 ke
Bt 5z 5 6yl 000 53 Ol S erenad LSl
3y50 Ba mlgi (Y V) Soghrati y Moeini axllas ;o .0l
09,5 4S5 pdvoletiel gilw Sl Jeiiee oolatul
el 039 (55,5 38 (5

s ik i s Comen Glaldl S50 aSGl 4 azgily
oads a5l yo aallls ol jo (Sl ) 50 S
ol 5385 S b1y som oldlhe plgie sl
plasl Ol l 50 s lge ©j5u0 a2 03 re ol
Silse Sygeo 4y 3B el OSU o) 0 izre 0l
A9 O3S g ol Wilgi oo Voo 38l 9 59 oal 4o
O b cwlite g v cewsds axdlho ol ol 4 cows
dged Sy spaz byl,i b )85l slacanbaw Blgi o0
Silwaingr glodoe 5l (So L J8le ldgh ) (oiaren
Sl ey Sl sl oats (L)l g s O3B
O plop poie s Sz S0 sladas I Blgioe
» obe) dedods Ligy spael e (g, eizred 10, ooliiul
yge0 S Olgise 9 95105 (550 e, nle 4 Camd o9
55 solital Caslis slabs; SSes 5l olej ol capenl

Continuous Hedging Rule

Discrete Hedging Rule

. Multi-objective Genetic Algorithm (MOGA)
Marine Predators Algorithm (MPA)
Standard Operation Policy

. Linear Programming

Non-linear Programming

. Dynamic Programming (DP)

© N DU W

. Penalty Factor
10. Constrained-domination

WY  refoloslas . Joloylaid . amajlgs Jlw

SsSdzais

s Jlo o ‘QT Cxswo 039> 50 C)k"" Flae Logas
soinlw Sy 2 SABoR )L S8 iy 5]
| 03¢ Sg>go GLQW o_’T)lS u,u.:]ﬁ‘ 9 6)1\)).30).@_3
cdls (6,105 g Blasl caSin gloau;e 38,5 s o b
6&&@ L,:)_z.o L i ;Su )] 6)"5)4")'9-.’ )0 u}lb.o
.>)Lu.: L I) alide Bu ORI (0500 ob)sTﬁ aS Cawl
L st oS &b S sausls oleiees |y cads ol
oS Galide Bab iz ol gz WE T sl ke
| JYRVIIREIACIPITR VRV FRUCOIN-SIN ORU W PR -SSR 1
WDlosgy Lidl> o uT VT N IR PSRN SN
oS gliwly jo ai8,S Oygan sla B Az o
b e 0053l Hlewn Wil o 1S puouas

5 laS) (31,3 adamair wyeSll So (gl cnl 50
Cogy Sawbw 280 Cpm YU o Slee s L (NSGA-II
Jo 00 5 a8l (o 5uS Jisenis spiiwa | g5l 00 00
B g e oolitwl Site Xz g Si5e SO Plue
5 099 awlio jloany Piluwo ol U= ) solpiiing p,68)]
Aoy cUL..u.n Gaﬁ)lS 6me) 9 ') UT )I oslail QI9"L§‘°
Silwaiagr )88 595 52 53l Sldol @dly 550503
o yoS ) & yoie &S a8 S 0 Sge e semine
Ty S92z sloosl 9 YL bl b Slue jo sel,lS
Opxod ol 00l L5‘>9'L° & G M)9§J| U‘S*'c oS
Wl silwaingy Pl 5l olaad > 0 Lol p,68)]
oy iliBee slal jo o LTS g a3 1,8 solaiwl )90
Sl Lial38l 4 s W v s3] Gl Ll oals
0352 fioS 00 gy 1t e ysS) ol L aglite yo filiwe
sl jo Sl ple b o ol eds GMl ass jo g
23 o olis Jubgh plu o) p 5o Gbled lien Y
Soghrati 3 Moeini 5 (Y+)A) Hajiabadi g Afshar g
Silwaigr sl NSGA-IT g3luwaigy iyl 51 (Y4Y)
.AJ\))S oslaswl 6)1\)).30).@_3 dl-mwl-\-nﬂ

Siaaely Plue Jo 50 solpiiny 0nsSS o8l
D)ge Py XK g (S S5 LSLOJW 31 gl e 0
b smie 5l agilo s ool 5o el as 3 51,8 solazwl
ua.BLJ ‘51)3 ‘5\>LQ,_MM P"")}i” 9 0D oolawl «5)‘*)%%@%
oads ad S 84 b imie ool sbojiel)ly algy polis
i, s 5l ol mls b Jols pls .ol

Sl dsawgi g of oy




2lio

Abdollahi, A., & Ahmadianfar, I. (2021). Multi-mechanism
ensemble interior search algorithm to derive optimal
hedging rule curves in multi-reservoir systems. Journal
of Hydrology, 598, 126211.

Afshar, M. H., & Hajiabadi, R. (2018). A novel parallel cel-
lular automata algorithm for multi-objective reservoir
operation optimization. Water resources management,
32(2), 785-803.

Ahmadianfar, I., Samadi-Koucheksaraee, A., & Bozorg-
Haddad, O. (2017). Extracting optimal policies of hy-
dropower multi-reservoir systems utilizing enhanced
differential evolution algorithm. Water resources man-
agement, 31(14), 4375-4397.

Akbarifard, S., Sharifi, M. R., Qaderi, K., & Madadi, M.
R. (2021). Optimal operation of multi-reservoir systems:
comparative study of three robust metaheuristic algo-
rithms. Water Supply, 21(2), 941-958.

Chou, F. N. F., Linh, N. T. T., & Wu, C. W. (2020). Opti-
mizing the management strategies of a multi-purpose
multi-reservoir system in Vietnam. Water, 12(4), 938.
Giivengir, U., Savasaneril, S., Altan-Sakarya, A. B., & Bu-
han, S. (2021). Short-term flood control and long-term
energy maximization in multi-reservoir systems using
improved particle swarm optimization. Water Resources
Management, 35(13), 4293-4307.

Moeini, R., & Soghrati, F. (2020). Optimum outflow de-
termination of the multi-reservoir system using con-
strained improved artificial bee colony algorithm. Soft
Computing, 24(14), 10739-10754.

Moradi-Far, S., Ashofteh, P. S., & Loaiciga, H. A. (2024).
Development of the marine predator’s algorithm for op-
timizing the performance of water supply reservoirs.
Environment, Development and Sustainability, 1-22.
https://doi.org /10.1007 /s10668-023-04450-z

Sl dsuwgi g o dopis

Moridi, A., & Yazdji, J. (2017). Optimal allocation of flood
control capacity for multi-reservoir systems using mul-
ti-objective optimization approach. Water Resources
Management, 31(14), 4521-4538.

Nair, S. J., & Sasikumar, K. (2021). Optimisation model
for multi-reservoir systems based on profust reliability.
In Proceedings of the Institution of Civil Engineers-Wa-
ter Management, 174(5), 225-235.

Rozos, E. (2019). An assessment of the operational free-
ware management tools for multi-reservoir systems.
Water Supply, 19(4), 995-1007.

Shaikh, S. A. (2020). Application of artificial neural network
for optimal operation of a multi-purpose multi-reservoir
system, I: initial solution and selection of input variables.
Sustainable Water Resources Management, 6(4), 1-14.
Shih, J.S. and ReVelle, C.S. (1995). Water Supply Opera-
tions during Drought: Continuous Hedging Rule. Journal
of Water Resources Planning and Management, 120(5),
613-629. doi: 10.1061/(ASCE)0733-9496(1994)120:5(613)
Tan, Q. F., Wang, X., Wang, H., Wang, C., Lei, X. H., Xiong,
Y. S., & Zhang, W. (2017). Derivation of optimal joint op-

erating rules for multi-purpose multi-reservoir water-
supply system. Journal of Hydrology, 551, 253-264.
Thechamani, I., Visessri, S., & Jarumaneeroj, P. (2017).
Modeling of Multi-Reservoir Systems Operation in the
Chao Phraya River Basin. International Conference on
Industrial Engineering, Management Science and Appli-
cation (ICIMSA). Seoul, South Korea. IEEE. doi: 10.1109 /
ICIEAM40534.2017

Yaseen, Z. M., Ehteram, M., Hossain, M., Fai, C. M., Binti
Koting, S., Mohd, N. S., & El-Shafie, A. (2019). A novel hy-
brid evolutionary data-intelligence algorithm for irrigation
and power production management: application to multi-

purpose reservoir systems. Sustainability, 11(7), 1953.

Vo slaoloys . Jgloylauis . pasjlgo Juw VYA




Water and
sustainable

development

Due to certificate no.
3/18 /126631 dated
20/9/2015 from the
scientific publications
review Commission of
the Ministry of Science,
Research and Technology
in Iran. also Due to regis-
tration number no76766
dated 25/1/2016 from
the Ministry of Culture
and Islamic Guidance,
this journal has been
licensed to publish. This
journal is an output of
joint scientific activities
between the Ferdowsi
University of Mashhad
and the |.Hydraulic As-
sociation of Iran

Volume 12, Issue 1 [Serial No. 35], June 2025

Grantee: College of Agriculture, Ferdowsi University of Mashhad, Iran
Manager in Charge: Shahnooshi Foroushani, N. Prof., Ferdowsi University of Mashhad
Editor in Chief: Davary, K. Prof. Ferdowsi University of Mashhad

Editorial Board )

Alidadi, H. Prof., Mashhad University of Medical Sciences, Mashhad, Iran

Ansari, H. Prof., Ferdowsi University of Mashhad, Mashhad, Iran

Bagheri, A. Asso. Prof., Tarbiat Modares University, Tehran, Iran

Esmaili, K. Asso. Prof., Ferdowsi University of Mashhad, Mashhad, Iran

Jolaini, M. Asso. Prof., Agricultural and Natural Resources Research Center of Khorasan
Razavi, Mashhad, Iran

Morid, S. Prof., Tarbiat Modares University, Tehran, Iran

Nassery, H.R. Prof., Shahid Behesti University, Tehran, Iran

Guiding Council )

Ghannadi, M.General Manager of the Office of Research, Technology Development and
Communication with the Industry of the Country Water & Wastewater Engineering
Company, Chairman of the Council

Esmailian, H.Managing director of Mashhad Water & Wastewater Company
Nematnejad, M.A., Managing director of Khorasan Razavi Province's Regional Water Company
Ghandhari, A.,Head of Aras, Atrak and Northern Basins, Iran Water Resources Management Company
Shahnooshi Foroushani, N. Manager in Charge

Davary, K. Editor in Chief

Advisory Editors )

Noori Esfandiari, A. Representative of Water Think tank at Iran Water Resources Man-
agement Company

Sajadifar, S.H. Representative of Country Water and Wastewater Engineering Company
Kalaei, G.H. Representative of Mashhad Water & Wastewater Company

Ghanbari, F. Representative of Mashhad Water & Wastewater Company

Mirgasemi, S.H. Representative of Khorasan Razavi Province's Regional Water Company
Barati, R. Representative of Khorasan Razavi Province's Regional Water Company

Publication information )

Executive Expert: Shahedi,M. Talebi Hossein Abad (F.i)

Editor: Quchanian,M. Shahedi,M. Talebi Hossein Abad,F. Oskouhi (M.i)
Design / Graphic: Shaikhi,M.R

Publisher: Quarterly /Ferdowsi University of Mashhad

ISSN Print/ Online: 2717-3321/2423-5474

Website / E.Mail: http://jwsd.um.ac.ir / Email: jwsd@um.ac.ir

Address: Department of Water Engineering, College of Agriculture, Ferdowsi
University of Mashhad, Iran. P.O.Box: 917751163

Sponsor(journal): Mashhad Water & Wastewater Company

Sponsor(probing inquiry): Khorasan Razavi Province's Regional Water Company
Indexing: ISC, Agris, CABI, DOAJ, google scholar, SID, Magiran




Articles inissue:

Sand Filtration Performance as a Nature-
based Approach for Water Treatment
A.R.Radkhah, S.Eagderi, H.Poorbagher,
E.Sadeghinejad Masouleh

Photocatalytic Degradation of Escherichia
coli Bacteria by Graphitic Carbon Nitride: A
Comparative Study under Visible Light and
Dark Conditions in Aqueous Solutions

A. Nadi, M. Bijari, R. Dehghan, A. Shahbazi

Release and Fate of Microplastics

in Groundwater and Nanotechnology
Approaches to Control and Remediation
of Pollution Sources

Z.Salahshoor, M. Madanian, E. Shokri

Zoning of Denitrification with Emphasis
on Hydrochemistry in the Urban Aquifer
of Izeh, Northeast Khuzestan

A. Mehrabinejad, N. Kalantari, F. Alijani, H.
Mohammadi

Assessment of Heavy Metal Pollution
Indices in the Atrak River Water Flow
Due to the Discharge of Bojnord Municipal
Wastewater Treatment Plant Effluent
M. Jahani, S. Partani, Gh. H. Akbari, A. Jafari

A Oualitative Approach to the Causes and
Consequences of the May 2024 Flood in
Mashhad City

M. Gholami, M. Kolahi

The Necessity of Creating a Comprehensive
Framework for Drought Risk Management
S. Attaran, M. Abdollahpour

Integrated Investigation of Flood and
Drought and Its Legal Solutions According
to Legislative Challenges

0O.B.Sadr, F.Sadr, M.Samare Hashemi

Investigation of Changes in the Amount and
Distribution of Extreme Precipitation and
Its Effect on the Trend of Changes in the
NDVI Index Changes in Southeast Iran
M.Nasry, M.Rahimi, F.Hadadi, H.Jalili, A.A.Damavandi

Transitioning Framework Toward

A Water- Sensitive City: A Review of
Australian Practices

R.Khanalipour, M.Talati, S.Tavakoli Aminian,
S.S. Sherafat, F.Ghanbari

Investigating the Influencing Factors on
Water Saving Behavior in Household Wa-
ter Consumption in Yasouj City

A. Jahanfekr, A. Rajabipoor Meybodi

Exploitation of Multi-Reservoir Systems
Using the Bat Algorithm
S. N

Water and Sustainable

Volume 12 -Issue 1(serial No.35] - June 2025

el
ESE

Ol

4
SRS Te S Iranian Hydraulic Association

ShalS + IS dniuas
SisabbS = Seiwily By
o @l sbol < by
fu PPTE) [0 | RERT Y Y
RSty

bl et ylao
bl (Sroblw g LooussV
aStullyBys Jiliio g suacey
2438 B o lgirapd
orbons el alad sty of
bl cuollw g Sl d5ye Bao 5o
wadSem g SopdT Jele o
el gy o2l Jo

J[L:a/ Us

b A

ol g b sliio O
©19929.0 pLa 5lis gy llaw
! 313 wlwil dlo?jl ©Uj

PannangS] notw
9 wihpileg plalus luo asly ol
33150 paalyd ) oy bacea Jol
Ol ol
iS50 65551 §lajl @l
] 09 6335 LS U b

T 64
SoodT ul; 8l
Al T gilio Siunls <
L < gslosw inlidl <
el Sln e

tl,lTugégﬁ
Sl ologlugnadsys
gy oSl sl ol
b slag)lew pizan LS 50
it} £ iy 25 0291113
Sy T s is LS
390 )b & Gyl g 25




