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ABSTRACT

FIl ooding is one of the most frequently met
change and more intensive anthropogenic acti
surface runoff and sewage cotlettpantaot urh
The capacity of UDS can substantially influ
However, there are always bottle necks in th

the capacity of UDSdamdgy.t hus worsen urban f|

To i mprove the per-dlojrenatnicvee odv &AJIDBL, i onudrty al g
been applied to optimizefUBSheawetheygyoobhiet
However, most previous studiesnonlsgmdteh du ctac
(with Iess than 100 sewers) without consider
focuses on urban stormwater drainage system
simultaneousl y opti minziansgt astegneearr esa z(ewiatnhd 2s9 30
goal is to minimize the sewer rehabilitation

relailfe storm sewer net wor k.

To realize the goal, a new storm sewtr net
integrated a storm water management mo d el (
inspired coevol ut i-g)nausyi nagl gaoorp rt cagmr anPrhiCrEGA | an
the platform. Specific i mgr ayea@gmentth mwvidegoe bred d
probl em, which include new methodol ogies fo

divide and conquer technique, enhanced goal
ii



enhanced genetic operators (crossover and mu

The new omptsynstzemiwas tested in a small samp
applied to the entire study area (777.6 ha
hydraulic modeling of the UDS. Sewer pipe si
then the number of flooded nodes (manhol es)
results of the storm sewer network before &
di scussed, indicating a significamt Fiomp rtcwe n
area, the flooded nodes reduced from 15 to O
manhol es decr eldsbadt heothD2&édedb; when using t
nodes dropped from 73 tmodael0i nagn ds cd4edn airni otswo Td
indicated that the new optimization system w

The optimization system can be used as a t

devel oping sewer nettwegikes opamani zpti oni t isi
rehabilitation/upgrade projects at different
wi de and regional scal e).

Final | vy, l i mitations of the optimization sys

sof twerree di scussed. And future research dire:q
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Introduction

One of the most frequent nat ur al cal amities
i mpactr aquent | y cause substanti al i nfrastruc
|l osses and even death of people (Schmitt et

are particularly vulnerable to fUuolamnndr aiwmhma

systems (UDSs) (Schmitt et al ., 2004) . UDSs
met eorol ogi cal i nput to runoff, constructed
reservoirs, treatment, @0d8)ec€l vimagewahange

urbani zation are the primary causes of UDS f
UDSs with mini mal i nvest ment and optimum sys

di fficulties roofn naenn tu nacnedr traapni de nwribani zati on

Urban growth changes the hydrology of the en

water quality. Urban | and devel opment alters
runoflfe whkinerally |l owering its quality, whict
best management practices (BMPs). St or mwat er
ways, such as transportation, hol dianhg,onpr o
(Ahi abl ame et al ., 2012).

Nowadays, separate storm sewer system must b
l onger all owed. The typical components of a
maj or systems. The nsienvwoerr spyisptee m e(tuwnodrekr)g rcoounnvd
more frequent, | ow intensity storm events, o
hydraulic grade | ine (HGL) of a storm sewer

design fltowal(.5end @l8)e. Extreme rainstorm eve

mi nor system can handl e are transported by



spaces, swales, etec.

Numerous physical processes i mtoecreascst, tircd wgdh
precipitation event, interception and depres
there are numerous ways to estimate runoff v
conducting the analbyess bscaompl eke Aubbdfop
mechanism and the modelling strategy i S nece
using a variety of techniques, which consi s
met hod and dtehedami nBesdiidcesne there are many ¢
EPA S WMN5 WNKW, etc.) that have been created f
assessments (Barraud et al ., 2022).

The United States Environment al Pr oweetcetri on
Management Model (SWMM) in 1971. Since then,
runof f guantity and quality from metropol it
SWMMés hydrologic activities takehat aceclomde
bot h pervious aade aismpeThi owgh ssalbbareas, s u

conveyance systems (pipes or

channel s) ,

stor

runoff or overland fl ow cannddked rfarncm og u keada ta
water quality constituents can be modell ed u
decay and associated pollution removal usi n¢

EPA SWMM ( Sut herl and amBRA JSWMM,,

support system called Ped§wWMM.GI

integrates with the most recent

constructi on, o ptiinmiaz awiidoen ,r aanngde
EPA SWMM engine, PC SWMM t akes i
precipitation, evaporation, t he

2

t2h0e0r3e) .i sB aas e

ISt ehgamnher &sh
GI'S data for
aonfa | aypspiIsi c at
nto account

accumul ati ol



routing invwomomlilsinearf idésati on of water 1into

percolation of this water into subsurface wa
A drainage system can be modell ed using sto
mul ti plhaaoawsntrainfall events. While a conti nu

dry and wet hydr ol ogtierarh @ao rotciersis@®iss urse an@r ca d

a single event model i's descri bedt amo dae Isliimug
a design single storm event, usually |l astinc
system wi | | react. The return frequency of 1
year (Huber et al ., 2005)i.nakRgoer acaccmtdisn vyawno frho
a set amount of ti me, e. g., sever al mont hs
precipitation file obtained from different s

Typically, heurmlry 1 aichfualeld it ot alhe precipitat

al so be done by using temperature files (Mah

An I ntdeurrsafftvieoqque ncy (I DF) cur ve, whi ch i s
characteristicsthesdésegqonepnf| YWD&séAdams et

tradit itbhamaeld labhproach such as the rational e

resulting UDS design is either unreasonabl e
genetbyt eddhe design storm event), which wil!/l |
ovedesigned, which results in an unnecessary

problem is that this traditionababdppaoathl na

particularly in the E£cmptiaot eaf adcl i m0d 69dhang

The usage of optimization techniqgues to reso
superior computational effeztedenesmormaadc dey

techniques I n dealing with compl ex scenari



optimization was used initially, and it onl
(Lowe, 2010-pbj &benyemalitlhusi o VeOEYAsg | dhaarve be
bal ance competing UDS objectives (such as ¢

Mofrad and Yazdi, 2022).

A mwlbtjiecti ve optimization problem ( MOP) has
has a asreett oofopR i mal solutions. By letting a
MOEAs can get close to the Paret-ewomipnatmad Isy

each other but superior to the rese obunthe

(Shojaeefard et al ., 2014) . MOEAs were init
di stribution systems, which performed well [
al ., 2015) .

Barreto et al . (2010) ulseldi IMQEsAtsi otho sewallau d

i nvest ment agai nst-objleotdi vdea napgteismi zAa tmudnt i mo d
was created by Penn et al. (2013) with the g
water demand reddamage.cdest sednond interventic
(2014) focobedconveulrehabilitation of UDS wur
urbani zati on, popul ation expansion, and agei
rehabmloft asgti@rm sewer pipe networks was stud
MOEAs to the EPASWMM model . I n aJidm®&n eomn , e tMOd
(2019) to control t hec fd nogoed. i-Mg aigpaSisie edeute alo.
conducted research on urban drainage rehabild]

storag®etanklbiyn( 2G2@Mel oped abasedi desr gng me

(EBDM) to generate iampiptrioxliimae et IsoilmipdrEcavines S loa

effectiveobgsecoOfvmubpti mization design.



For MOEASs, one of the most popddmrarnatved u$Sormnt
Genetic Al gofdilt)yhnf Walng( 83GAll . ha0h&8¢n UWSECA t
vari et y-omjf ecmtuilve optimization issues in UDS
optimization effectiveness (Nicklow et al

Barreto et al. (2010), -JVYom@®@nneozv iect eatli .@m 1(2200914290) 1.
the -Mbj ective Particle Swarm Optimization (M
et al . (2004) to solve MOPs. Yazdi et al . (2
networks by ubingntoMBODPSOSGAI mladdi2t0iloen, uYsaezc
domi nated Sorting Di fferenti al Evolution (1
Moreover, -NEgagmali eud al . (2019) applied both
and NISIGAt o UDS optimizations dihe mat or akeg iof
t he UDS engineering design criterion that a
t hat of its upstream pipes (Lin et al ., 202
|l iterature to momatrannwabestDEl gpsewer pipe

studies that have been reported, the study a

For $aabbe MOPs, divide pmdscadndguwerditva adlenitdee
space Bfsa tM@®at an algorithm only needs to s
al. 2021). With this techniqgque, a complex pr
subproblems that are easier to deadi vwidteh a(nLdv
conquer techniqgue may be used to break up tI
and then, the best solutions from each subca

solutions (Yu et al ., 2022) .

Il n this r eseoanr csht,ortnh es efwoecru sn eitswor k opti mi zat
A new storm sewer network optimization syst e

management model ( PCSWMM) wilns ponedofCoMOE&EIAS
5



Al goritham) N @GEA rogramming | anguage ( MATLAB
mod el (i .e., storm sewer pipe networkDDP and 2
surface flow) were used as the base separate
pipensgli pepa sl ope were used as decision var.i
of pipe size in the |iterature, and the numb
functions. Al so, divide and c¢dnqguwér cthe difarsi quw
used in previous UDS optimization probl ems.
UDS opti mi zatsicoan efdr cam esamal(lwi t h | ess than 10
| arsgeal ed area (with 28880tsewessyudy Thet maide\
new MOEAs met hod for determinidg fteheoimpe &IX 3
sewer neot woirrki mi ze the sewer rehabilitation
optimizati on system developed from this s t

rehabilitation/upgrade of wurban stormwater d



1 Literature review
1.1 UDS optimizati on

Usingiapezed mat hemati cal met hods, optimiza
candidate solution or optimum solution from
objective function may be maxi mi zednot heni ni
met hodol ogyds needed target. Additionally, [
decision variable and an optimization proces

An optimization -nmakliehg i mo dae Isd etcheasti a@mp Ipayo g r

mat hemati cal met hods ( Wal ski et al ., 2003).
After defining the optimization issue, settd.i
vari abl es, the next stage is to continue Wwi

miinmi ze or maxi mi ze the objective function d
unt il a good solution is found, this is donc¢

l imitations into account (Wang et al ., 2020)

Due t o t he chbsp !l eopittiyni ndt ilbn has become m

computational model s employed for t hese pul
devel opment and computational capacity. Ur ba
reduce interfvlemdodiomgcwisitlse amai ntaining a cer
et al ., 2010). Al so, many conditions must b
because of the complicated characteristics
MOP s . Fai nsdinngg e solution that can opti mum al |
due to the conflict between the many ai ms. I
tr aodd solutions, al so known as PFPar,etfooro pmuiln
objective optimization I ssues.



The number of decision variables and the num
of the issue size in MOPs. The objective fun
fitness ofawmthrqmasbmeses the degree to whic
mi ni mizing the costs and flooding volume. TI

systembébs performance are known as decision v

artehe | imits or restrictions that mu st be 1t
solutions while the network is in operation.
variables or implicitly on otaderl cssysstarm umdt
must be zero) (Wal ski et al., 2003).

The genetic algorithm is one of the most pop
of all the strategies that have been devised
nonhrnebjective functions that are unknown a

or maximum values (Kebede., 2014).
111 Single objective optimizati on

Single objective optimization is the process:s
t he omdagunlatt t hat satisfies the maxi mum or mi |
Single objective optimization was used, wi t |
(Ahmadi et al ., 2018; Lowe, 20100)r. bBy eimptleogyri

one objective function and using the others

objective, all owing all of the objective fu
resul t, prioritizintghe novljl #@tsi vse@ mfpu ryc tcioonbs nii
the same units (Savi c, 2002) .

Different optimization iIissues have addresse
optimization is one of these tool sHboblwatwvereve



this method does not yield a collection of o

Consider the following pipe sizing example with two objectives: to minimize'Qostand to
maximize benefitsQw . Max "Qw is identical to min "Qw & Q&g when Qw is
multiplied by p. Since’Q & Q¢ "@aw, the two goals can be integrated into a single

objective function w (Kebede, 2014).
1.1.2 Mulothij ecti ve optimizati on

A numeri cal mmédhijoalc tciad eapt i mi zati on was <cr e

optimal solution for multiple competing obje
solutiowmbjecmuvVvei optimization is not domi na
singdleuti on, unli ke single objective optimiz
make deaksngnsi mpl er. Based on the goals of

functionobijrcai mel oipti mi zati on BoDteaetaon koo

as the Pareto optimal front (Savic, 2002).

|l n a-omyletciti ve optimization, one objective mu
objective better, and vice versa, to get a
functianse Bbe otwthgpwetctofe mobti mi zation pr o\
possibilities, it is pmekengbl A Paretmpl| byont

compromi sed outcome of the oijb¢ etcit vaaetf iwoprt .ti imo

Urban drainage design and reftamisluimi aatgi ona nurad
and error, and it is challenging to find the
of pipe diameters andi chopesocinatad hwiarleaur I©®
of fers better performance in these projects

standard design procedure (V®l ez et al ., 200

MOEAs were initially primarily eampplared dindtWw
9



in case studies (Choi et al., 2017; Wang et
of UDS are already widespread, di stinct MO E
(Yazdi et al ., 2017). Addktobnahtlugy tome rhe wi

solutions using better relevant parameter se

Il n order to compare investment against flood
et al. (2010) empl oyagdbrMOBAs. SUxni reg algen(tlil
based strategy and determined the ideal pi p e

algorithm. Del el egndemi mdted 29drit)i ng e@en dtei &

1) wi-2D ray dirBadwelli ¢t om cr eat e detention ponds

return period approach. Similar to this, Pa
capacity, outfl ow structure diameter, and g
Sout raKorThe -dbjredt inwel tapti mi zati on model Wi

bal ancing $sheecastd bécah graywater was creat
damage costs and intervention expemsiés)| Vo |
objective rehabilitation of UDS under uncerf
expansi on, and ageing of pipes). J. exami ne
sewer pipe networks. I n ordemdtos iampi cxed dlees
Yazdi et al . ( 2 SWMM ihnytdergarud tiec tmoed eEPAvi t h t h
includi Ad , N®updadti ve Particle Swarm Opti mi z
domi nated Sorting Harmony SearchnNgdfedThe
algorithms by Yazdi et-Jam®ne20t8) al Addqi2t0il®n a
manage the flood in metropolitan area drair
NgamaNergoue et al. (2019) adcommduwec tredc arbe d @ arad
MOEAs to replace pipes and add storage tank

increase theobjtectaveg opt mml zati on desi gn, L

10



based desi

gn

technigwmmairn z262G.heodkleedi B8 &

optimization for urban drainage systems.

Even t houbgahs elOEMet hods have been successful
UDSs, they are not al ways easy to usw in r
convergence rate (Lin et al , -b2aG20) ,o0 pwhim ez a
met hods use computers (Fu et al ., 2009; Wanc

physically based UDS simulationhmobdetanfbe h
to run on a computer (Maier et al ., 2014) .

preliminary test was done where a UDS with 5
algorithm Borg and SWMM. Si mudlauta toinosn ss hweneed
this optimization would take about 15 days o
Il n .weml d applications, MOEAs often require s
al ., 2015). This eanrtaakverkpoa Ithtt acfomphie etri |
for the UDS design, whi ch i usually a few
t hough techniques | i ke metamodels (Fu et al

have beempmade ttdei computati onal efficiency

desi gns, t heir

UDSs (Maier et al .,

11

perfor mance

2014) .
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Tabll&ulmmary of s-bbpdeesi ve mptitmi zati on for urban drainage system

Study Algorithm/ Objectives Decision variables Case study Limitations
Method

Seyedashraf NSGA-II To expand the capacity of an The types of Case study 1 is an 84 ha urban catchment, with Focus on sustainable

et al. (2021) existing drainage network sustainable subcatchments, 566 manholes, and 511conduits drainage assets
within aregion of interest usin¢ drainage assets an Case study 2 is a 66 ha urban catchment area ir
sustainable drainage assets  surface area Windsor, Canada

Lin et al. EBDM To enhance the multibjective  Pipe size and slope Case Study 1 is a university campus in Hanghzt Smaltscale;

(2020) optimization efficiency China, with a drainage area of 8.1 ha and 19 hydraulic model not

subcatchments. used

Case Study 2 has a drainage area of 29 ha
consisting of 53 subcatchments

Ngamalied NSGA-II To optimize theehabilitation  Pipe size In Ayura district, Medellin city, Colombia, with a Smallscale;
Nengoue et and process and reduce search sp drainage area over 22.5 ha,73 nodes. engineering criteria
al. (2019) PGA and pipe slope not
considered
Ngamalied NSGA-II To uban drainage networks  Pipe size In E-Chic6 district, Bogota city, Colombia, with a Smaltscale;
Nengoue et rehabilitation and reduce drainage area over 51ha, 35nodes. engineering criteria
al. (2019) investment costs. and pipe slope not
considered
Bayas NSGA-II To reduce the cost of Pipe size In E-Chicd district, Bogota city, Colombia, with a Smallscale;
Jiménez et rehabilitation of drainage drainage area over 51ha, 35nodes. engineeringriteria
al. (2019) networks and provide resilienc and pipe slope not
to cities in climate change considered
scenarios.

12



Study Algorithm/ Objectives Decision variables Case study Limitations
Method
Yazdietal. NSGAI To assign optimal rehabilitatiol Pipe size In Seoul, South Koreaith a drainage area of Smallscale;
(2018) and plans for sewer pipe network 44 ha, 32 pipes, nodes and subcatchments engineering criteria
MOPSO and pipe slope not
considered
Yazdietal. NSGAII, To compare rehabilitation Pipe size In Yongdub, South Korea with a drainage area ¢ Smaltscale;
(2017) NSDE and plans of UDS network by using 101 pipes and nodes, and 102 subcatchments engineering criteria
NSHS differentalgorithm and pipe slope not
considered
Vojinovic et  NSGAHII To accommodate the effects o Pipe size In Dhaka, Bangladesh with a drainage area of 8 Engineering criteria
al. (2014) uncertainties into the design ha and 88 sewer links with a and pipe slopeot
and rehabilitation of UDS and total length of 13,635 m. considered; hydraulic
minimize damage costs and model not used
intervention costs.
Pennetal. NSGAII To quantitatively trade off the Pipe size In central Israel, with a sewer system of Hatles Only consider
(2013) cost of graywater and the total and 153 links graywater
amount of flow discharged intc
the municipal sewer system
Delelegn et NSGA-II To evaluate sewer pipe desigr Storage volumes In West Garforth, UK Only consider storag:
al. (2011) scenarios contrasting reservoirs as the
investment against flood intervention
damages
Barretoet  NSGA-I To evaluate urban drainage  Cost A drainage system of 12 pipes, 13 manholes, ar Smaltscale;
al. (2010) and rehabilitation scenarios 11 subcatchments hydraulic model not
UMOEA contrasting investment against used

flood damages

13



Il n addition to not being Vveéray edaf fagpoptriovae,h esn d
UDS design solutions that are foundtheemoft
objective optimization framewor k, this 1issu
exampl e, most of the studies that have alrea
by changing the size ofsthsee@gipesa dbei sioan
sl ope of the pipe, which is anotdiem®nmpoetan
2019, Yazdi, 2017, Vojinovic et al ., 2014) .
At the samke thendMQAEBAIsODpPdi mi zati on met hods wus
the engineering criterion of the UDS design

of the pipes uNehgeae é€Ngamal] i 2019; VDjinovi

Al so, many of the methods used in the past ¢
sum of the flood volumes or peak flows in th
et al ., 2018; Mohammadi un ttitcsalcan2i®d 8l)es But

|l ife because they candédt show how the flood v

entire UDS. This can make the risk of fl oodi
or pipe peak flows (Lin et al., 2020).
|l 2011, Del el egn et al . used a 1D2D-ldouml edd

mu lotbij ect i ve opt i-bneinzeaftiitono fo fu rtbhaen cfolsotod manag
(an extended version of EPA SWMM)-objpPear et
optimization model t hat tried to figure out
Rat hnayake and Tanyi mboh ( 2 00lb5j)e cutsievde SoWwMM nbi.

combined sewer systems which goalnenass ewermi

overfl ows on the environment. J. Yazdi et a
drainage systems that i's based on-SWBHEBMI | ien:q
simul ation model . {Nrentglhoeu ep aeepgeral by s(Ngeloda)h, ¢ eSLVEN

14



to PGA for the search space reduction. This

the number in decision variables of wurban d
mod el was used to simulate howeybdashmahagte
use sustainable drainage assets to increase
area of interest (2020).

I n order to make pipe optimization simpler

smal | stuBygr areasance, the case study 1 in L
Hangzhou, China, with a drainage area of 8.1
drainage area of 29 ha consi-Blengguef0el®3d a bk ab ¢
subcatchment of the drainage network of Ayur
this network was extended over 22.5 ha (73 n
is a storm sewer pipe swdthermoirre at, hevi ¢ diutalm m@ma
including 32 pipes. I n 2010, Wil mer Barreto

consisting of 12 pipes, 13 manholes, and 11
1.2 Mul-dbjective evolutionary algorithms ( MOE,

121 Genetic algorithm (GA)

Genetic algorithm (GA) was first i ntroduced
research it with his team in order to advanc
has been put into researchi negneatnidc daelvged roipti hnny
a numeri cal model to tackle issues related t
of selection and reproducti on. Il n a genetic
how wel | it adaptos mao nittas nemvipoeuimant on of i
process, specifi®ovreul andofmud alte otni am ecuced.

its selection criterion on people with high

15



poptul@an are either deleted or preserved depe

combining two or more chromosomes and alter

creates new children-otvlerouagnhd amuprade @ess i @ fnd
information is represented by arrays of bin.
mut ati onoawaed Ttoosescur (Murphy et al ., 1993) .
Mur phy et al . (1993) developed and used an e

opti mianad idoenc,i si on variabl es were represente
coding. The performance of i mproved genetic
traditional optimization methods wheW®Al compart
(2000) developed an enhanced genetic algorit
water distribution system. The projectds goa
ensuring that each node had ogunfafnicei erft v@amre 03

were used to determine the method's effectiywv

I n contrast to traditional al gorithms, gene
single answer. A populationdédbyihdevivdlualk chc
the decision variabl e, and each generation ¢
generationds needs the best. The chromosomes

by others in the ptrometssh tde ppeerd ckictg tdcmre tgheiart

fitness (Liong et al., 1995). After establis
the genes, the cycle proceeds by initializin
i mpr oveaatbiyng etphe mut ati on, crossover, and s
reqguirement i1 s met. On Figure 1.1, the struc

16



—m—
v

Generate a population randomly

v

Evaluate and assign fitness

\ 4

Select a group of FIT individuals I'-

v

Cross-over operation

v

Mutation operation

The fittest individual MNo
has accepted fitness?
FigutStrlucture of GA Model (Kebede., 2014)

122 Mul-obj ective particle swarm optimization

A soci al search technique called particle s

motion of a flock of birds (&&enpedyeandf Ebert

number of different optimization projects. T
determines where it wildl be at any given ti:
and where it wililt sbei numhe diihaet eb evsitc isnpiotty .i nT h e

t hat PSOO6s met hoeodbjeexchtiibviet so pftoirmisziantgloen makes

suited-ofbogrecmuilvtei opti mi zation (Coell o et al .,

17



sevefaeremt algorithms have been proposed t
2002; Ray and Li-ehj, eDi0O2¢ .pMThblse muvwig escali weed

particle swarm optimization (MOPSO) (2€OHNI qu

and has been successfully used to solve a va
applications include managing Iirrigation an
calibration of flood rout i nogptmondaell sr e(sAezravdoniire
(Baltar and Fontane, 2008), auto calibration
2013) and water allocation (Liu et al ., 201:¢

by the MOPSO alotolrert hpnar taincdl d satuesre t hi s r epos
The -dhoomi nance <criterion is wused to choose t
Members of the repository are scattered amon
objwetspacedomifnantoend sol uti ons that was discoa
based on the roulette wheel approach is chos
t hat a hypercu-tt emiwni dthe df ememb enrosn wi lolf Hé ec hc
hypercube is then chosen at random from amo
uni que mutation operator that enhances the a

2004) .

Il n addition to the MOPSO ahagsorhbietehnm,a ptphtei e dd eiar
known -onby letcit heermestta c al gorithms for sorting
of the objective function, including microG

Strength Pareto EvAdAl)uyt iammalrNyg & zgdoir ieeth ma I(.S,P E2
123 No-domi nated sorting g€hé¢tic algorithm I
One of thlkenomwstelwebij ettt i maétopti mi adt ieonns umeetst

the performance of a solution tdolowtgiho g eackv al

18



to the foll owing generation and requires no

NSGAI is its quick, -odbgleecatiivee ospdli untiizar ioofn nau

Becausel INScCoAmpar es mowe arhd nu-shensai tolbd emtam e c hni
ranking to assess the fitness of the c¢chr omo:
basic genetic al gof#lilt. hms ed idfofma rnsa nfcreo m f N @Gl
using the fitmrads onf obgelkctoptei mAddi ti onally,
will be wutilized to assess two chromosomes Vv

in a uniformly distributed Pareto front with

Kebede ¢28014) hydrodynamic simul at-ilonh whoideh

increased the slilgnifnchhsesbpbddWSGane of t he

was to reduce flooding in the drainage net wo
should be on solutions with little to no f1l
LID practices in Tehran by |l ooking at <cost s,

surface runoff. They usetlltwoadwhki®@®@SPepded edO

NS G-A I does better t han MOPSO based on sever a

Yazdi et al . (2017) e-kamifoed dRIORE®I andg NSk
strategies for sewer pipe networ ks.l alnmte droder
pipe replacements, these algorithms were the
and applied to a storm sewer pipe network c
demonstrated that the al gor i tnhcnnse su nwdheern ctoancskil
benchmark tests and rehabilitation -lilssared.

MOPSO algorithms differs significantl-y. Wh i
domi nated members as the extcartnal sroepo smetnobre

repository or in Hdhe apgpuliathimmsorttise alNEGCGAoOpL

19



the two mentioned -lclridgpnrn@aacPAnaf ft ares NS GAi mp |

the foll owing generation.
124 Epsi | olAUGMOELA)

The f ounlMOtEIAQn asf proposed by Laumanns et al
t he iOdeami mfance, which forbids the existence
that differ by | ess than.t hlen alLpapursoaxni nneastées Fsatrl
solution concept -ofbgrecé Vv @leutoipanari  amu loni It
because it helps to build algorithms with tF
and it is pracauscelilty wanpkos twintth bacsol uti on

predetermined resolution.

By providing aUjsuiisbpessiabue forkeep this
di versity properties. The objectxiewe $sha&ceiiz:
which can be chabfkd dgmihanchootetbé hypert
containing a solution is examined. On®E sol ut
MOEA using the archive te@hd) quEherfoplolsewi ng

uni que dominance checking procedure (Figure

first discarded i f the hyperbox of a new so
archive. Second, tdéeeldiomi matedgwseh uthemes an
same hyperbox (A,B) (B). Third, i f a hyperbc
solution, one of them is chosen at random. D

(E) that he mmopdr mexads tori gin for the third

20
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Fi gu2lel llust Wdaotmionnanocfe concept (minimizing f1

Both MN$SGAMGEA were put to the test by Barr
rehabilitation of wurban drainbdfeasgstemédm pe
better with smaller popul ation sizes, while
di scovered that the MOEA algorsthm. i Adtdiesisor
processing time is crUMOERA ,i st he Jalwmeablceardah:
optimizing urban drainage networks. When t he

generated sets ohosohstgood , -Abkoweaerof i BSGA
125 Pr ef eirmesncier ed coevol ut itggnary algorithm (P

The PRhaoamitmance relationés diminished capacit
solutions has been noted asjcrd iioda ttohpani pfr D enta
al ., 2002) . Due to thidsomiaakncef at¢ gmop a1t dlmis| il

directing the search toward the Pareto fron

21



options by consideri ngmadcre (pRwerfshrewnse samd HIh

Coevolving the preference family with the t
technique to potentially keep the family rel
gain fitness by ipryoviediweg nc smdartalins, and th
by performing well against the prefer@nces.
by Wang et al. (2013), which was a more effe

sO reseé&rckBtor ealtgi,zatoithonn eaaf aRI.CHEAR2002) sd& mel

was r eMcacionreddi.ngt tal LopRr002), increasing vari
be accomplished by coevolving a family of ta
By satisfying a certain set of goal vectors

according to Laoalemrssetasali gnha2neh2) med hfoidt, but t
be split among other solutions that al so mee
fulfilled by a candidate solution, and the
sattlksé ytargets, the | ess fit they become. Ov
direct the solution population in the direc

popul ation and the popul atwandofheaBRdi diadef s

By using, PlaCHA MI |y of preferences was <coev
preferences gain higher fitness by being s
candidate solutions gainehtesesas pwpyssgEbteng
algorithm can optimize three or mor e-ggoal s.
showed highly competitive performance and c
manoybj ecti ve problemsof¢Wamnggeta dlami | 20D3) goBy
g, candidate solutions receive a new fitnes

opti mal figomtv.erRloGEA t he | ssue olfl pwhoern ptehre

22



objective number

Oils3 )l.arlgne a(dydaimigi soeng, p A 1iCGEIA2 t ©

LI'D spati al all ocation in previous studies (
Truncation
Parent r—— (fitness)
S G x
S+ Sc
Genetic variation _ Re-generation
(crossover & mutation) G+ Ge
Sc Ge
Offspring
Figu3fn lel itist frgamewWamg eotf &I CEA013).
A fl owchargt edfi tRISCGEA ramework i s depicted in
sol utYi foinxsed0l 9i penldo ¥ & f ox e d0 Q) zare®fevol ved f
number of max genevaltvenfsor T efr egecte rrmbmboen s .
sizei sfdetermined as 100 in this study. e
genetic variation operators (crossover and m
siz8) ofMeanwhi VvectOdefsi xpadI@i aeeoffener at ed a
defined space. Fitness is then calcul ated 0
the fitness of indi vi dua’lys'Ya)n &nliE) ¢ o mihien ebde :
0 $oatiodPoand vectors wild.l becécram® n hteh en enve xpt

generation (Wang

et

al ., 2013).
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1.3 Divide and conquer technique

As practical needs | ed to research on desi (
simplif ysidr g M@QRg ewith the divide and conqgue
reduction and i mproving the search ability
exploitation were put forward (Antonio and C
and conmaude,r aneiard problem can be broken dow
that are easier to solve (Lv et al., 2016).

is used to break up the optimizati olnutpirooncse s ¢

from each subcatchment are put together to n

The goal of the divide and conquer techni que
of a MOP so that an algorrtmoreniswbeeadse st c
Ssubspaces afe mesesbbhgl | otwvhese methods <can
di mensionality that comes from adding more ¢

the problem hpat mabtmesoBRasevesof at he subspac

division or transformation, which weuwlskd ead
approach directly explores the original sear
al . 2021) .

Il n Hong2%®,t iatl . wa&9¥ shown that divide and conqg
to solvesmakée MA@Pgewhere there are no or wea
vari abl es. Il n 2016, Lv et al . appl i ed-ctohe di
evolution algorithm to manage air traffic fI
met hod to solve t he prsocballeem poufb [hiocw ttroa ndsepsa rgtn:
Antoni o and Coell o (2013)e ccaoreev awlpu twii drh tah @t at

and conquer strategy. Besi des, divide and

24



routing problems (Watanabe et al. 2015), res

engineering dest gal pradlems ( Gaur e

25



2 Knowledge gaps and research objectives

2.1 Knowl edge gaps
Based on the above I|iterature review on so
foll owing knowledge gaps were identified:

1) Existing studies onsi M@EEAsS drley swd @ed deeweasH

optimization, while the other important fact
the connection of pipes is stildl an issue f
decision ywamiaabIMOEIA aori i ndependent, and t he

2) Most UDS optimizati o-basettuappneaobhésai aed

practical. The engineering criteria of t he
optimizatipre, sezg. geamerally should not be sn
3 Physically based UDS simulation model s are
sear ch, which can be challenging to run on
beeneldoepved t o i mprove the computational ef fi
their performance is stildl not satisfactory.
4) I n order to make sewer pipe optimizati on
to small study areas that include | ess than

5) When using hydraulic models to solve MOP:

model s bheer appli ed due to the efficiency of
compared with 1D modeling results.

2. 2 Research objectives

The overal/l research omenectoinea k:mnowbedgd | g

optimization,gd,ocuesmplgedxe,n ragdlam storm sewer

26



mi tigation purpose. The specific objectives

1) To create and evaluate a method for dete
stor mwater dr aiimiangiez es ytshtee ncso sttos nof sewer sys|

fl ood vol umes.

2) To ensure the connection of sewer pipe s

criterion by setting variation conditions fo

3) To i mpr oavtei otnhael ceofnipiucti ency of MOEA opt i mi:

paral l el computing in Matl ab.

4) To si nspclailfey MGRsgewi th the divide and con

solutions from each subcatchment sardeatpwthst og

5) To apply both 1D and 2D hydraul iconmpadel s

their results to examine and i mprove the eff

27



3 Methodology
31 Study area and existing model s
311 Study area maoadePCSWMM

I n this study, the study area is a dr ai

nage

2927 junctions and 2932 conduits (Figure 3.

residential with a mix of coinmpearcviadu sanaf itnh

area is 54.14%. City A 1 hour 10 years

addi ti on, there i s a test area that i s

area i s a 16. 6&imas &rde s uwltiad it hanem t s | 78

S0 subcatchments
| A Outfalls
» . Junctions
©  Low Risk
# High Risk
. ® Flooded
| Condlits
- = Not Limited
| == Somewhat Limited
| === Very Limited

¥

>
000 m
[

desi g
part

j unc

Fi gu4st BAdy area with 1D storm sewer network
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o Testarea
[ Subcatchments
A Outfalls
Junctions
*  Low Risk
@ High Risk
® Flooded
Conduits
== Not Limited
== Somewhat Limited
=== \/ery Limited

0 1,000 2,000 m
[ I

Fi gu%leocdati on of test area in the entire stu

Junctions were categorized depending on the
Freeboard was defined as maxgmomn#tiGel évagdr a
junction was defined as flooded when {freebo:
035, and |l ow ris¥®. @®benCbnedebobsar dwexe al so cat
based on capacity |imited (CL) which is the
the flow through the c¢olnhdeui@dt owragsu tlaitmiotnead bnye ¢
SWMM or evaéweptad gpmaci t y. Al pmpeatasordlliangged dur
ti mestep i fameutlH mminpe teredishgyrderaatuelri ct hgarna dti heen t ¢
pi AWMMUs&r ManualThix0lmbhetri c was very usef L
optimization. The conduit was defined as ver

when CL >= 0.01 iamidt edOwhémnmn, CAnd @o®1Hhr.
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312 FIl ooded ar ea

Il n this study, only manhol es were consider.
considered for wupsizing (nlGlrmdtirciex was r¢r ¢
finding position om RGEWMMepéeéposummareg. fAt |

were determined based on conditions that fre

FIl ooded nodes were integrated into different
one fl oodidd enedstw,f n crmmenre c tweed ee dmedsutihtisor st udy
i nstfamere,conneboed ovpstdueasmwaned uWoevdst oedet e
floodeat ramayet wo connected conduits from bot
al so . Thestredul t s bofsitinggbdednhhireambec swedr ec o n d u
compeadntdhr ee connected conduits from upstrea
downstrdamawdmget eedudiyn themseay f |l ooded node or
intersects another junctionbs flooded range,
combined to one flooded area. I f there is n

area woulldeohl gothed range of the fl ooded nod

____________________________________________________________________________

o
—
[NS]

- ————

One flooded area

Fi guBlen 3exampl e of generating one flooded ar .

An example of generating a flooded area i s s
fl ooded nodesl2an Ftolre nrodwet e4,1 considering th
upstream and four connected conduioims nbdem1ldc
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to
t he

nod
3.1.3

Due
dep
a 2
l on
1D

2D

node 8. Meanwhil e, the -if2.0oRwa trantghee oifntr
se two flooded ranges, node 4 and node 8

els?2 .1
1D and 2D model s

to the pr esdeinncges,o fanrdoaodish,erbuinfrastructu

ict the flow patterns effectively using 1

D model reveals that while performing a -
gnaluddi rection in a flood plain or water
model equations are derived using the | aw

modeling is performed by intelgraftiwmat €rhef |
find the average velocities of the fIl owi

hods and ot her rel evant numeri cal met hods

this study, a 1D model of the subjRBct re
el s are sometimes inadequate for model i ng
run in the end with optimized solution t
ect connection method was usedd tbhgehbr
veyance network to be directly connected
essary as the initial step in constructin
mo d e | domai n. I n the modaellS5sent um,sod u2D omo
h and a roughness coefficientcalfl &d 03B mwa
er was created using the DEM el evation da
the features shfed hleayeresy,i ocaus2y messthabllayer
2D cell s was generated. Using PCSWMMG6s ¢

nected to the closest 2D junction point f
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transfeomoft hiel d® fdr ai nage model to the 2D mao
314 Local design standards

Wit hout ©prior approval, sewer pipelines shou
year). The maxi mum 1: 100 vyeargrht@lLlnds hsaulrlf abcee a
where surcharge cannot be avoided to preser)
2018). Typically, the actual velocity corres
m/'s and | ess than .3.9upm/rscriini sabrml|l eswwesmhodu
considerations for structural stability and
depth of cover from the pipe obvert to the f
m. And t heptmh no fmuano der from the pipe obvert |
connections is 1.00 m (The City of A Water R
Sewer pipe changes in size, grade, or direct
sewer i s cur veds.t alnhcee npaextiweuwem dIHS must be 18
required at the upper end of a sewer for m
di fference in pipe diameter, the elevation o
t he endregyt . g rFaod manhol e drops, at MHs wher
di ameter than the upstream ones, the drop m
pipe diameter. Where no change in pipe diame
in a through MH, and a minimum drop of 60 mn
are discouraged because of hydraulic consi de
designed drop MH might be necedueartyo ttoh ea dedlree
change (The City of A Water Resources, 2011)

315 Assumptions

i s study assumed that the downstream pipe
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Ssize in most cases. And the invertd athej wraanei.

I n addition, the maxi mum depth of pipe was s
32 Overall optimization structure
The three essenti al components of this opti

computation modul e PCSWMM, t hge, oapntdi niilzeat p b a
MATLAB which interacts with and integrdates a
with establishing the objective functions (c
size and sl ope). On the basis of tieedatfarei

number of candidate solutions were generated

Because |lofr gteh si ze of the study area, the sin
the computati MOBA epfi mi paciyomwmffor UDS desi ¢
MATLABas appliedVittd otuhi p agtatildee.l o rciogmpnuali nrgu n n i
the study area i A0MABIYAB W&as sa mptew2n ddalysaan be
paral l el computi mg dwkisvoadpep lanedd.conquer techn
the 4d@aalpeem. By downscaling the optimization
optimization results in a more efficient W &
i mpossi blscalne al wWhaemgedeci si on variablteokar e

into account the UDS engineering criterion t

upstream pipes in most cases.

Scenaus®wheée PCSWMM 1D modell ing results of tfF
scenastilbe 2condd e oRACSWMM 2D model l ing resul't
opti miTlzhhdtswwon.scenarios are different i n junc

which are used i n MATLAB to do pipe degti mi z

manholes and 342 very | imited conduits whil e
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in scenari o 2. Because in 1D scenari o, t he f

2D scenario, the water willusptriean it® flheode

Figure 3.4 presents the over&eédenantirSeebhaarndof
2. Divide results for each flooded area were
Then results foa wgeeaehat ed shydgp@lrei ng con
conquer results would go through tamed pri oncad d s
optimal solutiomesdwbdet beepteddsisiz@dOwrlr @t t ©om
MATLAB I msttuldiys t he fi nal optimal solutions we¢
the results of different scenarios in 2D mo

evolving are shown in Figure 3.5, 3.6 and 3.
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Scenario 2
candidate
solutions

Scenario 1
candidate
solutions

PCSWNMNM PCSWMM
1D modeling 2D modeling
results results

U
/_\

Divide

Divide results for each flooded area

.

Congquer

Conquer results for study area

A 4

Evolve (crossover
and mutation)

Yy

Optimal
solutions (in 1D)

 Platform: Matlab

Run PCSWMM 2D
model by using
optimal solutions

Fi guTSt r3ducture of optimization system for

35



33 Divide and conquer techniqgue
331 Divide
Il n this study, divide and conquer technique
divide and conquer technique can decompose
flooded area, and then combine hhe diew de&t s«
opti mal solutions. For the optimization pr oc
For each flooded area, the model simulated 2
size twehidest of the 3me.ar®m,s trlkeenmrad nweaultd eb e
solutions in total
Scenario 1 & 2 Modity SWMM
candidate —» input file for only | B SW&/I 11/1[ 1t1)10del
solutions one flooded area 1 Matla
output

Divide Solutions
and objective
function values

Get objective function

2

values (the number of
flooded nodes and cost)

Read output

Fi gu8Rr .3cess of divide for scenario 1 and sc
The process of divide is shown in Figure 3.5
1 and scenario 2, the total cost of pipe sy:¢
subsequent step was to alter stba S$WMMabhest
candidate solwution and start SWMM simul ati o
SWMM (run one SWMM simulation for each candi
source application, howevers iitrsp tetn gfiinlee i canrnEF
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MATL AB.

Once the simulation was complete, the object
and cost) was obtained from the SWMM output
SWMM si mul ati osnetanod agodails tfiumncctt i on val ues. Th

objective function values were obtained.
332 Conquer

The roulette wheel was applied in divide ar
solution frompbpalanhiibne Joldéetenmine the po

t he equations are written as foll ows:

50 WYY, - h (3.1)

wWhe®®¥ s the di vii dheet snoulnubteiro rGdfs etahceh naurnebae;r of €

soludo®y..is the average numberood® . filsoaded
average <cost for eabc®Y'Yd iivsi dteh es od we 1i @ame amfd f

reduction ratio for each divide solution.

661 Q¢ — i (3.2)

whet @i Qi s the possibility of xiememt nombernc!

flooded areas whichB i &u®YY,iins tthhies ssutnudof atrte

flooded node reduction ration in 37 flooded

Il n this study, cost is calculated by Tabl e 3
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Tab32&o0st ($CAD) <calculation table with pipe
(The City of A Water Resources, 2011)

Pipe Depth ranges in meters (m)
size
(mm) | 02525 | 30 | 35 | 40 | 45 | 5.0 | 55 | 6.0 6.5
30| 35 4.0 4.5 5.0 5.5 6.0 6.5 7.0
150 145 | 149 | 154 | 158 | 163 | 168 | 176 | 185 | 195 204

200 160 | 170 | 180 | 191 | 202 | 214 | 236 | 259 | 285 313
250 160 | 170 | 180 | 191 | 202 | 214 | 236 | 259 | 285 313
300 168 | 181 | 196 | 212 | 229 | 247 | 272 | 299 | 329 361
375 193 | 209 | 225 | 243 | 263 | 284 | 312 | 343 | 378 416
450 213 | 230 | 248 | 268 | 289 | 312 | 343 | 378 | 416 457
525 234 | 255 | 278 | 303 | 330 | 360 | 388 | 420 | 453 489
600 257 | 288 | 323 | 361 | 405 | 453 | 489 | 529 | 571 617
675 283 | 317 | 355 | 397 | 445 | 481 | 519 | 561 | 606 654
750 311 | 342 | 376 | 414 | 456 | 501 | 551 | 606 | 667 734
900 358 | 397 | 441 | 489 | 543 | 603 | 669 | 743 | 825 915
1050 | 429 | 494 | 568 | 653 | 751 | 864 | 933 | 1007 | 1088 | 1175
1200 | 515 | 593 | 681 | 784 | 901 | 1036 | 1140 | 1254 | 1379 | 1517
1350 | 618 | 711 | 818 | 940 | 1081 | 1244 | 1368 | 1505 | 1655 | 1821
1500 | 742 | 853 | 981 | 1128 | 1298 | 1492 | 1671 | 1872 | 2097 | 2348
1650 | 890 |1024| 1178 | 1354 | 1557 | 1791 | 1970 | 2167 | 2384 | 2622
1800 | 1068 | 1282| 1539 | 1539 | 2216 | 2659 | 2925 | 3217 | 3539 | 3893

To determine the possibil i GW nofoneelfd otoidregl e

equations are:
oYy ——— (3. 3)

whe©¥ i s t he number of f 100 oidse dt hneo deeo srte dfuccrt i @

sol u®Y%Y¥nhs the flooded node reduction ratio f

~

b oy — (3.4)

wher®is the possibility oDYiselerce i fnlgo esdhed a
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t he

B OYYis the sum of flooded node reduction r

Fig
As
of
To

s el

s ol

wer

s ol

obt

nui@bYemr orfe UGaireat mendt otOAN n noamd e inec & i s 20

~A

Divide Lonanee dm_de MOdlf}" S\F VIM Run SWMM model
Solutions solutions by using input file for the in Matlab
roulette wheel whole study area

output

Get objective function values
4— (the number of flooded < Read output
nodes and cost)

Conquer Solutions
and objective
function values

U9Rr a3cess of conquer for scenario 1 and s

a result, areas and divide solutions witHt
being selected. These selected areas and
some extent, this met hod senasruer emso rteh alti ktehl
ected.

cess of conquer is shown in Figure 3.6.

hni que using roulette wheel. Then SWMM i

utions for the whquerssotdytaoera. aAfilt eb| at

e gained through output file of SWMM si mu

addition, the method of conquer by selec
ution has the same prowbapplliigad iorf tbheiisngs ts

ained by these two different methods are
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34 | mprovementgto Pl CEA
341 I nitialize candidate solutions

Il n the origgianaglorRPIt@EA t he value of eamfc h dec
candidate solutions is created arbitrarily w
unpredictability of candidate solutions can
i's smal | . But when t he munmbaeri aibd egr eagtp,r otahceh
the sum of choice variable bounds. I n this ¢
random as in the original al gorithm, as rat

di sconnection ardilkreegdlka toHe tthec HUDiISc allesi gn.

Tabl3Mi 31ii mum sl ope for different pipe size (T

Size Concrete Pipe PVC, PE Pipe
n=0.013 n=0.011
Minimum Slope (%) Minimum Slope (%)
100 mm” 2.00 2.00
150 mm* 1.00 1.00
200 mm 0.80 0.60
250 mm 0.56 0.40
300 mm 0.44 0.32
375 mm 0.32 0.24
450 mm 0.26 0.18
525 mm 0.22 0.16
600 mm 0.18 0.12
675 mm 0.15 0.1
750 mm 0.13 0.10
> 900 mm 0.10 0.10

* where permitted and approved by Water Resources (DSSPs)

To create pipe diameter solutions, the pipe
i ncrenmpemnpte isn ze modi fi d@aei ¢ narkwubrbhebrir eorh® n2n c

werfe ndhétciydedt hpfrt@et angn umbfefresr.en
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Lo

di

fr

di

do

To

el

T I f CL >0.021hr, a 40% probability 1increas

increase for 4 i ncrements were establishe

T IT€EL 0O an®. 0 hter,e7 Wasclmamce @@ 8 cr sam=B 0 %

chanee ricef@sncr swmeewmitd be set.
T I f CL equaled O hour, 80% would remain th

oking at al |l the routes contain the f1l ooc¢
ameter was figured oudi,aniertoent uwasst rfeiagm, r etdnh e
om the most upstream, the absolute mini mt
ameter was created, and it would be check:¢

wnstream pipe sizehwoulupgsbeeanqupi persiaege

create the slope of pipe solution, mi ni m
evation at each junction from downstream a
e maximum invert el aeapatreamabyeappl yungtne
d Table 3. 2. Depending on pipe CL, new el e
e elevation of the most upstream node and
so, the eleved as tahrgei Vaereaicienbet ween r
evation when sl ope increased. To pick a 1

crement -Efl(ealaenwdeotmi 0 range.

T 1'f th@L @i @rhrere was an 80 % wohualndc eg rtohva t b yt
increment and a 20% chance that it would
T 1€L 0 ad@. 0Ja MO,% chance of increasing the
60% chance of maintaining the slope woul d

T 1 f CL equaled O hourse, 483%%wowoalddreear aa
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increment, and 30% would increase by O0.25

Figure 3.7 presents an example of gener ati

downstream junction 6, the minimum el evati on
of new pipes while the minimum el evation 1is
Then, the change of pipe slope would within

on pipe capacity when the elevations of node

_______ O------...._o maximum elevation

minimum elevation o

Figut@&n3example of generating a solution of
342 Enhanced goal Wvceuwtttoirrsg bpluaardear i es
Wang (2013) developed an i mproved technique

of goalt hvad c taorres more benefici al in directi ng

optimal f rophgd per fPdrClBaAnce i s i nfluenced by gc

space of goal wvectors.

I n this study, t he cutti nbgoupnlda nsep ancaes ouft id d a
ensuring that no single goal vector either
solutions. Figure 3.8 il Tustrates an examp

minimization of two ol eattitveryy ipn amred e rGotad e
at random within the bogndlgpacéhm,nthleebouin
vectors is OKHL. The cutting plane diiEi des t

(gray area), whteremé& m@moidatFe atadeEintiMosteexd s ol ut i
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the original bound space, any godllL cvaonhonts b
domi nated by any solutions, whereas any goal
be domiynadleld <ol uti ons. Therefore, any goal
DAGBCEM (gray area) are wasted @nd ifmefffeom
Pareto optimal f@®opitckaamgrpoihdr agbpeemg tiwi tthh i

stu@gn@ar &€ edema 1 etdhe numberanadf tflBeooedhesde. nGRI@F 0

area is |l arger than DAGEG6s, more goal wvector
when wusing the cutting plane approach, resul
toward®itmandet foll owing generation.
F N
f2
D A H

S
Current™

Pareto front ™

N
N
N
N
N

Pareto optimal
front

|
|
|
|
|
|
—p
.
Lfl
FiguXrB®Bn3example of two objective problem usi

343 Enhanced fitness calcul ati on

The fitness value represents how individual
achieving tmaéeé Pamwmetto (WNMathig dt taEds oF@lilcBam.d( M a

solutcisonad( go@) arectwmalsckI7d WadgasetEql . 3. 2013
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wh egaen@r

0Q0 . (3.5)
ng o sO
s P
0Q0 — 3.6
p T (3.6)
p € L1
g 3.7
r _ P twni v 3.7)
cO

epresent sGcgsak heeof 6 s pgriempg egealt sv eswmtl a

€ Is the number of sol ut igovn shintdh atth ed opnoi pnual taet ito
candidate solutions. One point dominates ano
in all di mensions are smaller than those of

An exampl e3.0o/f iBBg.smp.wWaa Ah. Ex a

Two <can
ot her .
effecti

t hemsel

di date solutions could have the same
Therefore, the original approach for
vely without takingnisntaomoaagc cwmtd i tdlad ¢

ves. Paknejad et al . (2021) devel op

calcul ati3o0®)(Equhi @h8 was i mplemented in this

wh eRies

val ues

A P s P
0o ) 3 0o THE 0 (3.8)
Na sO
YOt Qp 0 (3.9)
how many i n@Bavti dtuhael sc udrorneinntatpeopul ati on

can sort the dominati on rAel eatxiaarpd hei pos
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Eq.-3398i s shown in Example AZ2.
344 Enhamgeeaaet i cicorpoesrsactvoerr and mutati on

The evolving process of optimizati onhesryest em
are three types of-gcr(opaighitersr assedvéey, PURKLERAO
simulated binary crossover) (Deb and Agrawal
genetic operators (Deb et al.of26002%pwhnghsa
and the evolution of solutions. Adjustments
necessary to increase the algorithmds perfor
Patnai k, 1994) . Uandi ai trpuaetbgi syshieel mamp c |
operators was proposed by Paknejad et al. (2

study to improve the allocation solutions.

Conquer

solutions

Y

Modity SWMM | Run SWMM model | iitgiit— Read SN satout .| Obtain function
input file in Matlab ! ST ! values of objectives
7 )
B B e e e e e ——
1 1
1 1
b :
1
y
1 -
Create new fitness " P Meet the maximum
A Mutation

generation solutions |~ allocation number of iterations

i

1

1

1

1

i

i

1

) 1
Crossover [4-no—

i

i

1

1

i

1

i

1

yes

.................. N Final optimal
solutions

p————————

l 1. Initialize candidate solutions
Opfiniizaion. 1 i 2. Enhanced goal vectors boundaries |
£ PR .
Algorithm: Picea-g i i 3. Enhanced ﬁtness calculation
4. Enhanced genetic operator

Figur®Prd8cesvsolowfi ng (crossover and mutation)
45



Figure 3.9 shows the evolving prg cceeptsi.milznattit
algorithm would generate a set of goal vecto
of prheesent popul ation of solutions. After so

algorithm would use genetic operators (cro

popul ation of solutions into arladt toemrr pvdip clha
closer to the Pareto optimal solutions than
were i dentical to the preceding steps and cr

running SWMM si mul atfiumrmrc,t iroenc eviad iuregs , 0 bajnadc tgiewnee
The | oop would end when the maxi mum number o

was reached (maxi mum number of generations i
3.4.4.1 Logistic map

May (2004) ei nitorgodsutciecd ntahp t o generate chaot.i

equation is as foll ows:
@ i p (3.10)
wheXf,ies a number bouindeal mpar 4et a1 ,i mwmadheer an.

changes the behavior of theOl#Wlpe stogi Steiga e ¢
devel ops chaotic thlehawalowe ofm t his seudwgs 3
appli edviemr a@massnut ati on operators to increa

et al ., 2021).
3.4.4.2 Roulette wheel

The roulette wheel was applied in crossover
selecting one sol utioonn psoeptul fartanm nt hedi grmteirr & i

solution set means higher chance od%Vibsei ng se
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08y —— (3.11)

3.49C4do08sover

At each index, the crossover operator extrac
(one pair) of parent solutions and combines
each set of parent solodtuitoma,s iwtesg epasiel edt ealt
wheel . When a random number was | ess than a
of parent solutions would undergo crossover.
O0.75. For eaecxh oifndihvei dnueadM oifgfesnperriantge ds ocl huatoit oi nc,

by the | ogd®7th ct hmasp oifwadsipvriidnugals ol uti on was e X

parent solution at the same index. Otherwise

3.4.4.4 Mutation

With the enhanced mutation operator, sol ut i c
| ower cost. As the same as crossover, the pr
0.75. To reduce the croesats,e dt hteh emuftl aotoidoend oapreeras
flooded areas from original | arge flooded ar
were 4 when generating the original flooded

were 2 when chooeasgbwnwewsif hgothetdati on operat

fl ooded area can be divided to sever al smal |
|l ess pipe diameter and sl ope. The changing o
wad805b.

3.4.4.5 Algorithm stopping criteria

There are four co#fAdt talo.ns( 200ltd)i nwehdi cohy MAEA | |

any of the following apply: 1) the present ¢
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is acceptablememtndc aam benpmade by additional
converge to any solution; or 4) computation
terminates after 20 generations, the mutual

theppi ng corréti talon, (Madayt The equation reads

0 0 R Y ' R s & R s (3.12)

whedies the itelf arieon heummi®eéiutte rogntsisenisheatnumber
0° el emenY(®, Mangdi ves t hed’eltdhmantas eofdomi nat ed
el emelit'O oifs the progress (MDR) indiciangprt hHera

i mprovement of solutions in each iteration.
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4 Results and discussion
41 Test ar ea

Before optiwaeaealbomnl,oodhedemaskomashahes7imig

Using the method of finding flooded area, al
within one flooded area. -Theknmambéol efs bedlc
optiizmt i on. For very | imited conduits, the n

and shw?2t he test area before and after opti mi

.4 subcatchments

. | ’q A Outfalls

i Junctions
© Low Risk
® High Risk
® Flooded
+ | Conduits

== Not Limited

| == Somewhat Limited

Figuit@&8e4ore optimization: existing manhol e
(pipe) conditions in the test area.

Choosing one route (green dash line in Figur
optimal, the profileseod. Bots Wwkeepgehelrat efl
Figure 4.4 is the profile of the opti mal ro

manholes whose HGL was above the ground el
49



manhoheosse HGL wagr oaubnodv ee ltenveat i on and t hese

concenmtprsatreecam of the pipe routes.

N él:lSubcau:hmenrs
% A oOutfalls

§ Junctions
. Low Risk
& ® HighRisk
| & Flooded
. Conduits
. | = Not Limited
' == Spmewhat Limited
| == Very Limited

F .

Fi guddAfda .er optimization: manhol e flooding
conditions in the test area.

As it can be seen from the profiles, most of
fl ooding. Obviously, the diameter of the mo

increased from to 0.375m to O.52pmtoThbenduft
(NC_10_POI _0072) t he di ameter was rai sed f
(NC_10_POI _0074), the diameter was changed f
5 (NC_10_POI _0084) to condui't 6 ( NCand _iPtOIl _
turned t o 0.9m after optimizati on. For tr
(NC_10_POI _0016) to conduit 8 (NC_10_POI _00O
di ameter of downstream conduit 9 (NC_10_POI
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gremonm 1.05m to 1.5m. And the slope of <cond.L
(NC_10_POI _0025) had a significant growt h, \
downstream junction kept the same asppetiore.
to 0 after optimizati on. Due to the signif
optimization system was applied to the whole
Meanwhi | e, waowhes aaefst egrn o0 petsipneicziaatlilog f o0 1 armod dl |
whidcihamenere®ased fr oforl.tOhSem tteos tl .a5rne.a, sol ut i
node was det er mi neldi lass ocogsti maas drod th it g comil did ri
not bé emsdbevoover desogndcan bdre dafibutcoodsi t s

sel escetweedrumekr e present @tdablne tAaZb.l e A1l an

Figure 4.5 presents the objective function
solution. Threesencstol it o e st wvet he Pareto opti
technique and evolving process were not appl
For solutions with 0 fl oofGADMotdidCA.DBIel &losd,

t hespd uti ons have not been evol ved.

Yazdi 28tlsogbdi €dd on hydraulic rehabil-itati on
change phpecabserestudy area consisted of 101
which were similar to the test area in this
flooded volume deoridaameed tfhreont ostm was® appro
CAD@GYazdi etLianl .e,t 22016)(.2020) applied EBDM t
which case study had a drainage area of 29
showed that the °CADS whs |l abobe 1] 6éo@eefl Yyml um
to 3 Linn et al ., 2020) . However, in this sam
mt o 3whml e the cost®OsaDs$ awhduwrhd wa.s6ihla0l f as o

comparison indicated a signifrzaeanbni mproheme
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the reduction of flooded volume was obuvi
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42 The entire study area
421 Results based on 1D model
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There was an obvious reduction of fl ooded no

the comparison in area 1 where the flooded n
is also indicated.
The profile, including IThe( M®stO uwPXKsD roe2adm ) ¢

downstream conduits 14 (NC_10_MON_0039) whi ¢
si ze, are presented in Figure 4.9 (existing)
flooded nodes befmberodrgppatl yoaBdathernapt
The i nvert el evati on of t he mo s t upstream
downstream junction 2 (NJ_10_MON_O0076) remai
were changed inléehiandreat!| Atl et kheati ons of
of the junctions. Comparing the profiles, a

degrees. For instanc®C_1beP&)Danicerte8ars eodf fcroonnd ul
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to 0.6m and the diameter of condui t 15

The CL of condui t 13 and condui t
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Figu2@hé¢. comparison of Flooded Area 1

optimization, using the 1D model
generating the profile.
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Figu2®Bedore optimization: the profile of sel

study area, using the 1D model

Figu2®Afd4er optimization: the proAirkta @©ad6f seh

study ar ea, using the 1D model

By using divide and conquer techni que, t he
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