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O ABSTRACT 0O

GA Methodology is an evolutionary process, basically imitating evolution process
of nature. GA is essentially an efficient search method basically for nonlinear optimization
cases. The genetic operations take place within the population of chromosomes. By means
of various operators, (generation, selection, elitism, crossover and mutation). The genetic
knowledge in chromosomes changes continuously and the success of the population
progressively increases as a result of these operations tell reaching the optimal solution.
GA optimization is also well suited for optimization of drinking water distribution systems,
especially large and complex systems.

The primary objective of this study is the optimization of a water distribution
systems by GA. GA operations are realized on a special program called Darwin Designer
by Water Gems.VV8 XM.

As a case study, we took 10" project neighborhood network, which is located in the
northern side of Lattakia. After converting the network to a looped network, and
hydraulically calculations are doing for, Then We tried to find minimum cost for this
converting, as an optimal solution. Available Pipes size is the design variables. Pressure
and velocity are considered as the boundary constraints.

Keywords: Genetic Algorithm, Water Distribution Systems, Network Optimization.
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p V) ISl e bl cls LS e A8 sy L L3

5isial) dlsall Sland (4) Jsandl e A0l 48 G oo o Jall gl puagll e A0l Clua i o
(0= 26642000) & duhdll cVs apead axiially cdgdad) Goull &

sle </ 3700 gdlsy By aus il Aikaiad sliall (el e cariisall malipall ddanlsy AGa0 Clua xic @
D (0-d26151000) (& 3l i) Jall &S culS (GAS I 4y aladinly gdia) auasl
sl Ailaie cilaliia) G LY (GAS I A alasinly Clually goall Ciluall o bl (o))
el s & aYl ) lay) a) il J8 A Auhs de jlieY) guey cial
dasensall Llall 3p0all slad S ol (Gall padll & aie GAS Il A Alauly dypead) 4020
0.5 ) Aasansal) Liall depull ()50 sl 8 i) (s 8 Geyudl 0805 ccanlil) aaen 8 Ayl
B3 A (e soeail) B2l Ay el st Sy als sagase bVl (sS) Blas o(m/sec
A gens) 3g0al) e diall paen b ojig sllaall bt Lall (IS Ly
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Audl) A g Gailad oy dsa 1(3) s

Junction | Elevation | Demand | Junction | Elevation | Demand | Junction | Elevation | Demand
N° (m) (L/min) N° (m) (L/min) N° (m) (L/min)
J-2 8 90.5 J-25 8 58 J-47 7 74.5
J-3 8 24.3 J-26 6 93 J-48 7 21
J-4 7 15 J-27 6 87 J-49 8 107
J-5 7 9.7 J-28 5 47 J-50 8 24.7
J-6 7 72 J-29 6 22 J-51 8 19.4
J-7 7 71 J-30 8 120 J-52 8 30
J-8 7 84.5 J-31 8 211 J-53 8 72
J-9 7 77 J-32 8 115 J-54 8 24.5

J-10 7 93.3 J-33 5 94 J-55 7 80.5
J-11 7 119 J-34 8 73 J-56 6 40.5
J-12 6 93 J-35 6 56 J-57 5 55.5
J-13 5 385 J-36 5 65 J-58 5 36
J-14 7 21 J-37 5 50 J-59 5 19
J-15 6 60.7 J-38 5 21 J-60 5 17.5
J-16 5 257 J-39 4 20 J-61 7 24
J-17 6 24 J-40 4 21 J-62 7 60.5
J-18 5 42 J-41 5 20 J-63 6 26
J-19 5 42 J-42 5 73 J-64 7 29
J-20 6 73 J-43 6 101.5 J-65 7 10
J-21 5 42 J-44 6 110 J-66 0 0
J-22 6 42 J-45 8 95 J-67 0
J-23 6 91 J-46 9 62 J-68 0
J-24 7 111
Al Lisll i) paibendc(4) ) Jgsn
Label SthLt Stop Diameter | Length Label Start Stop | Diameter | Length
o Node (mm) (m) Node Node (mm) (m)
P-1 R-1 J-2 300 1 P-39 J-13 J-37 125 200
P-2 J-2 J-3 300 94.7 P-40 J-37 J-38 125 176
P-3 J-3 J-4 300 77.8 P-41 J-38 J-39 80 63.5
P-4 J-4 J-5 300 104.1 P-42 J-39 J-40 80 159
P-5 J-5 J-6 300 20 P-43 J-38 J-41 125 93.6
P-6 J-6 J-7 300 106 P-45 J-11 J-43 100 145.6
pP-7 J-7 J-8 300 38.6 P-46 J-43 J-44 100 78
P-8 J-8 J-9 300 223.5 P-47 J-10 J-45 80 21
P-9 J-9 J-10 300 269.1 P-48 J-45 J-46 80 161.5
P-10 | J-10 J-11 300 74.3 P-49 J-7 J-47 100 120.4
P-11 | J-11 J-12 300 82.6 P-50 J-47 J-48 100 37.4
P-12 | J-12 J-13 300 1135 P-51 J-8 J-49 150 161.1
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P-13 | J-3 J-14 300 181.1 P-52 J-49 J-50 80 137.1
P-16 | J-17 J-15 125 255 P-53 J-5 J-51 80 77.2
P-17 | J-13 J-18 125 77.8 P-54 J-4 J-52 80 71
p-18 | J-18 J-19 125 277.3 P-55 J-6 J-53 100 142.2
P-19 | J-19 J-20 125 166.5 P-56 J-53 J-54 100 46.9
P-20 | J-20 J-21 125 232.8 P-58 J-2 J-55 150 243.9
p-21 | J-21 J-22 125 220.8 P-59 J-17 J-56 150 294
pP-22 | J-12 J-23 150 55.5 P-60 J-56 J-57 150 112.6
pP-23 | J-23 J-24 150 126 P-61 J-57 J-58 150 255
P-24 | J-24 J-25 150 177 P-62 J-57 J-59 80 59.3
P-25 | J-25 J-26 150 103.5 P-63 J-56 J-60 100 98.2
P-26 | J-26 J-27 150 118 P-64 J-17 J-61 150 162
p-27 | J-27 J-28 150 173.8 P-65 J-61 J-62 150 70
P-28 | J-28 J-29 150 133.6 P-66 J-62 J-63 150 64.8
P-30 | J-30 J-31 80 148.4 P-67 J-62 J-64 100 71
P-31 | J-24 J-31 80 99.2 P-68 J-64 J-65 100 130.1
P-33 | J-32 J-33 80 158.4 P-71 J-15 J-66 300 67.26
P-34 | J-33 J-34 80 164.7 p-72 J-66 J-16 300 107.14
P-35 | J-34 J-35 100 173.8 P-74 J-14 J-67 300 123.42
P-36 | J-35 J-36 100 141.2 P-75 J-67 J-15 300 20.88
pP-37 | J-28 J-35 100 88 P-82 J-12 J-68 100 139.75
P-38 | J-27 J-34 80 84 P-83 J-68 J-42 100 48.25
DB Guaa (¢ pall cigil) ol (e bW el G 1(5) Jsaa
e kil 80 100 125 150 200 250 300
oed ) 1770 2020 2890 3250 4370 5370 6600
Al ) Ablaaall sl culi¥:(6) Jsaa
Label Start | Stop | Diameter | Length Label Start Stop | Diameter | Length
Node | Node (mm) (m) Node Node (mm) (m)
P-29 | J-11 | J-30 80 26.5 P-77 J-14 J-61 100 25
pP-32 | J-31 | J-32 80 33.3 P-78 J-49 J-55 100 250
P-57 | J-54 | J-14 100 202 P-79 J-53 J-34 100 160
P-69 | J-16 | J-22 100 25 P-80 J-47 J-33 100 160
P-70 | J-16 | J-58 100 28 P-81 J-42 J-37 100 130
P-73 | J-29 | J-66 100 15 P-84 J-44 J-68 100 15
P-76 | J-36 | J-67 100 12 P-85 J-20 J-25 100 140

ala) Pla e dlldy Aflull bshall Gl daay 2 (dlall pagll ) Al 4l Jyas 5.4
ASuil) plag e Al Jishlis (6) Jsaall (Gl splisd) e (aal00 by Tyaa s 14
Usaase saie IS a3 ciualdll DY) e gl axes c@ilaally claalls 383015 & )lsill auass
Loshall sxe dils (15) dayid) lilal) se maalh Akl sl Qe bele (JN) e s,

Baie (67) sia) axe .Llaa (82)
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Agepsyll alid) gals DA (e —(4) a) S5 — Gy IS paall ASEN wlag Ll auylid .5
oaibadll Joan DA e ¢(6) 5 (4) 5 (3) Jshaad) Gava sially YL dalal) bl Jlas) & 25
) Laall 3 e ol gl Gl Szl ge Gl @ Al s eaie (S
Al b)) Agaall byl (el 3 dssendl deyully cdiell 8 coslhdll el
(Aphaia¥l;
PA (e (Jaall g0 e Genetic Algorithms duuall i jlpal) 25 Gadaty Gl ey L &
i glhall ddyhal) dag il aaat aey Darwin Designer 32db
ABY) dlee lgle &3 Cagu A Y] degenay (4.7 < h < 13 bar); ¢(0.5< v < 1.2 m/sec)
(7) Jsas -GAsI ey sy . (5) Jsaad) calaall Gonll 8358550 Canlil) desanas (6) Jsaal

GAs I cisiall :(7) dss

Maximum Era Number 6
Era Generation Number 150
Population Size 50
Cut Probability 1.7%
lice Probability SP 60%
Mutation Probability 1.5%
Penalty Factor 100000 S.P
Max. Trial 50000

Aleall Jolall aae (8 il Uaiasl WS o815 L dlefie (S GAs 1l cljial lia) L
S0 adinall a0 3 (psmisasS) dn 100 U 50 o gl of coma (V) pinall paa)dag shadl
Ao puy JieY) Jal oladly S il (535 Cism iall aaall o LS AERY) ddee gl sdad (535 Cigm
P e Koy adl Lle %705 %60 o b Alaill G Jumdl (o ang LS L (LLEAY) (ajd Jli) 5508
DA o = L g pall Canty — Lo dagphadd) Alisall GAs I ciljiahll il Juadl s 262y il
U Jall saga o @lld 530 sae Aaadles ccljiahlll 038 ad & il

AU JSA) e gilidl) cuilsh

.o=d (36085200) Jal i .1

cdiall & sl 3)ally e Lal) (Gias .2

6/ 0.12 ady SV 3 e el 6 daw L3
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)40

L4

kel £ pial) olsa Al Jabaiia 1(4) Jei)
B il A alng o Lliall 25 clgie 32l (el Wslaally didlal) 2Ga0 s oS
sl Adlaiad AU byl (peli (bl ey cdadd Ailiaall shall e ABGY) Aleny ALl 25 caailad
s w300 ki Ludll bl e Giasmsaly Wl Gyslaall J-100 5 J-9 0 rpnaiall e 5) JSad
bl i) cul€ 3y giall i) lend Jams dsllaall GAS J) eyl aasiys - (3/J 3700)
Agse 53 (2,175,000): 0 Aslse Jpeill Bl 2810 1
s gansall 39a]) e Siall 8 5)alls e lall 2
s sansal) Llall dgaald) (e Ji ) ddc,ul L3
Gl e doet ol shal adal diaganal il ap0all e ) ey 8 depudl alisdl 4
ledan ) diall 8 Cosllaall SL) - LisOU dally 5y U8l cld as . Lils 5 yatiusally 5340
stea Sl plia) @iy oila g Apage ey Al dall o3 (amy (Sl L canllY) ol
’ g al) s Ll dully
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osil) Adlala ()l pa dilad) g pdial) slae ASu habada 1(5) Jeid)

A a6 gde Jsaall @ ) il lede cs ) AR Gllees AaL cilagylidl dags

=2 5l (o Fiay ann Tady ¢ plall gy piall (e Tl il ol sloe A At iy syjliseny il

AL Dl o) pe ead) Bpaiveally Bagasal) AN Taghad Jeasy cae 200 b (J-12 sl s

J= 5 J=3 Goniall G Gl i) cae 300 sl el baall e Jadlaal ¢ sl auagl) ) 405 Jyoal

AU Sl oz Lia) el Tl i gl 8 o5 Aa) A0S e Jiie (S o gil) dilaie 4,0301 2

Cim (e 50 Aglad 3 Lggle Jpmal) 25 ) bl cal€s (ABGY) Dlee shals Ll Glld aeyy L Giall ik

Jslaall & daimge A5 (b (8 dasanal) depully cdial) L 5)halls Taebiall) Ayl Loy pall Lgidas
sadull
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Minimum Cost Cisgll ali (339 ALiaY) Ldas £ )ya) gilii :(8) Jgan

Design Group Pipe Material Wli_:ﬁ;?r?s: C Dl(%mn?;er (égit
Design Group - P-69 P-69 Cast iron 130 100 50.5
Design Group - P-70 P-70 Cast iron 130 80 49.6
Design Group - P-3 P-3 Cast iron 130 150 252.8
Design Group - P-4 P-4 Cast iron 130 150 338.3
Design Group - P-5 P-5 Cast iron 130 150 65
Design Group - P-6 P-6 Cast iron 130 80 187.6
Design Group - P-7 p-7 Cast iron 130 80 68.3
Design Group - P-8 P-8 Cast iron 130 80 395.6
Design Group - P-9 P-9 Cast iron 130 80 476.3
Design Group - P-10 P-10 Cast iron 130 80 131.5
Design Group - P-11 P-11 Cast iron 130 80 146.2
Design Group - P-12 P-12 Castiron 130 80 200.9
Design Group - P-81 P-81 Cast iron 130 80 230.1
Design Group - P-29 P-29 Cast iron 130 80 46.9
Design Group - P-32 P-32 Castiron 130 80 58.9
Design Group - P-85 P-85 Cast iron 130 80 247.8
Design Group - P-80 P-80 Cast iron 130 80 283.2
Design Group - P-79 P-79 Cast iron 130 100 323.2
Design Group - P-57 P-57 Cast iron 130 80 357.5
Design Group - P-78 P-78 Cast iron 130 100 505
Design Group - P-77 p-77 Cast iron 130 80 44.3
Design Group - P-84 P-84 Cast iron 130 80 26.5
Design Group - P-73 P-73 Cast iron 130 125 43.3
Design Group - P-76 P-76 Cast iron 130 100 24.2

Apse bl (4553800) (osbost edila Al ) padlall gopdiall 3003 st Aglaal Alleal) A2 G

Ldiall a agllaall 55alls Jae Lal) (38 . Ll ologill didie (e Ulla 5 sl dilaid) Joasi Ulee a,

Sia A6 dlee o Al ) Ualy L Aa sansall adiad) Aoyl e OB ) 3 de ) o LS

Goall sy L) bl S pualall Cigl 3 Gan ae 300 ki el baall G LS gl dleu
olsns Halall g5 pdall

tGlbuagilly clalitiuy)
R OAREC me)mﬁ\ O Rt AU Apae b dladl g piall Gyl olye 4S5 Al die. ]
pda (mny & o) il a8 e leg i gl 8 L) 2l G Ly cae 8058 40l
A sansal) Loall 3gaad) e ral canlY)
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Caagl) il Alea s ¢( el G Glpall da el dejudly ctiall & gyral] e lall) lgias
Slels 48 Ji —18 s el 28 o) GV Jall Ly Cag lly leal) Jseaslls g Al
o2 o Jaleill d 5yeally . ilall gl ) Jygil) Aleal Laal) Z80SH Ly LS g of-nn Lo Adisise
lsylis o AY) dlee ¢ya) AlKa) ai LS L dyenl) Aglead JiY) Jall alay) Uindaia) )
SR aans hy ) splindl Hlasly ¢ el JSU Lggle Uloas 3 bl 4jlhay L Adbide
(YY) sl s Wil gl ¢l A stladl)
o3¢d Ahy bl sl JLinly (JSS AEDU Aae 4 pdll sl GlSud aui sale) e
sl 138 egn 8 2k o) ZAS il e ) clall ol L clSl)
Gia (S )50 e Sl o2l Wl ¢ Al JSal) Y St o3a Jasat A5ISe) Al @
Gigin dla ol oSlinall 3y 5 Aphainl Gully dABidid) A8l Ga Jle (s5iue
o Akl dylaall Ll 59 e Jilil) e culSuil) oda syaaly ASE e 45 Jacl
ASEl s <4
Slel oy A slall aysi aldadl i) Jall alag) A &) i) ploall A58 (e 30lEY) o
OSar 3 Aien DS JEL Sall (3 Gsllaal) 3 ally e bl (el Cum e ASLEN g
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