AN F A A =2 A Hydraulic-Connectivity & o] &3 4

R CIEEE!

A HEt g g
1. A2
A%, v, 4 Programings g °| 8% @ sl Fo| galodA gk o F By A
HAivgE B74e ZAH3e ¥ Program Model® Lai and Schaake (1969)7F #H =2 #2390

Alperovits and Shamir(1977)= Linear-Programing- Gradient (LPG) 232 &+ A 3§ ™

?18td =l Quindary $(1979, 1981)°] LPG model®
g FHz

#glg vhetoh. ®, Fujiwara 5(1990)&
loop 3 J3tol] thated local A AME HAH o A Yrle o U2 dige
on FAx Ar(Genetic Algorithm: GA.)ol H Aol whel Ao AR A ol GAE
£3% A7 Murphy and Simpson(1992)ell 2]s] vl & 2] FHAsle] s 3
™ Savic and Walters(1997)= % AH AlA ok Ed Ho g«
2 A3l B m]lstee AFEe] A fow A4
4 24 2 % Simulatedtith. olEFole A2
A4S MEEvE e
T o7t glom,
FREA= t}. Hobbs and Beim(1988)% Al2=®l Al Ao ogtsd
Mol whzl, Bulk supply®} Distribution networkell

9 FAAM AFHEE

z3o) Wi

A Al F]

21

oo
e pioy

=

i 3 )\L

ko EI

=]

LY
oW

B 1Az YBow RHEUT

248 B9 R WA Fela FAQ

ojeigt 2708 Beojo uwat
1224 FEsAch £ Su et al(1987)2
A gl o] A3 ste
2 heuristic methodE =U3tG o™, Wagner et al(1986)= 2709 7}%

e Estged ol YHEe

e ——

Al

i

N
method®} 41284
(GRG2)2 FA4 =

HYe 4

generlized reduced-gradient model

8+ minimum cuset

29

HEYZE
6} A]g;dg;‘

Z “reachability” ¢} “connectivity” & AAtstE AdAdy 5y

*

kK

ANzgE B4 aea
gz

A EEFes

~737-



Addel F45 dFdoza AN HEsttt. o714 Reachability® networkel £74 node’t 348 1

N sourced] AZAE vhziow AHoldlw Connectivitys® ZE node’b 243 170 sourcedl <12

g 7l or Ao vk aglm, ol Park and Liebman(1993)2 Algade] He2 A o4y
s AAlsta oS Ao 23 APA A b Lo BFEE 2 By HHHE A
Ea=y

B, 2 Afo s 27 Ade HE2AM hydraulic-connectivity® =981+, source$}t nodeAlo)

of £33l connection 1 noded FE3 HFHI} HAY dHol AFTHA v AP By

tA ZaHA "ok 2y olgd 2 EE UEEA HE connectivitydH ot Algrwe &F3

Argha g 9les Aoltt, B AT E Genetic Algorithmg o] &3le] A719] Feldd =S
DHEANE REE pusigdon o] 2do)M el connectivity® “Hydraulic Connectivity”8tx2 ™™

3lal o] hydraulic-connectivityE M EAJel AR oR o FHAuEE FIl7] I HHsE

Fastgov, AHsel YPoeA GAE AEseh

2. A A e AH%: Hydraulic-Connectivity

Hydraulic-Connectivity s 218 A9 A2 MeEgolzdon o= BE node?t FET H 3 A
Fauozs A 17) sourced AAE JtEAHE Tete Holvh JFAH WA, FHFIS
98 g Fo AExAE 8 Aol Y gHoOR
ojo} gtk Aojt) ole{d THANA, T4 uinlg A= e] Fr7= hydraulic connectivity
2 HAUste Aol A FL wol € ot o AL AV Yt #ALE FH node 9
48 nodeztel linkol o&) A4 Heolddn =d3 3, nodeE-& €43 MEHodx1 5F
link i7} 34 Aol #AEd BEE p, AFHA FS FES q= I-pletal 84A 9, oy &

A A" ANawe AFstEA] AEaA FEA 5 @UHA EAS JHAA "o o] 544

o
rot
:\l:
1)
4
dg
1
rn:
I
>
(2
iy
ks
2

3

g 229 AL 2749 link(u-v and v-w)7} &AFE &S p, pza}p_ s o olAL T e
link(u-w)2 14%A =S¢ o 882 ppt @0 E HEA Aeode 424 linkvt AEHA %
g ZBgo] g (= 1-p1 ), @ (= 1-pz )O|B2 Z4 =

olth o]y e EAHUE AAZHQ HF FE JFE FA FowA UEAAE ALstod HASF
dA He Aotk WME WEYAY dolx, B3 Hx #BFo] FE THRAE o]Fo4F YA
o HA3E tedt 3y Y8t B dFoME gelZure 31y 3t D EAEA Y simulate®
9, 54 pipe 'i'7F FEEA 4& FE(GE BE) g B T2 A, 24 dolLof #
A AFBE pg olgst MEYAZ S48 53 connectivitys At ol

-738-



Reduce from

Py

Fig. 1.
o o)
48 Abgeted ohew

et al.(1986)

L =2 QO
= H£%852

X

nﬂv

Fg sl AL sk

QAFAFe] Wol X HEBE E4ol Yoo ATE
% N sHEgEo) Frhs

< ) PiP2 < >
< ) 1-qq, ( >

Series and Parallel Reduction

g 85t =,
AolR k. Kettler®d Goulter(1985) %

—H-
2
of
ot
44
gis

22 goli Ave AgFZA HAEBEL AZE 2ES A A5}
Y = 2.002-0.0064 X (Y = failure/Km/year, X=diameter(mm), range 0-300 mm). =18 3

Wagner

o] Zolo] djd FF2A YA T: ¢ = 1557 x 10° L (L=pipe
length (ft)). WebAM, & AT &8 E8SG4E A7) AMEEL vigoz

3lod connectivity &

3. HYdraulic-Connectivity Constrained Optimal DEsign Model: HYCCODEM

(1) Objective

sl dA9 =& connectivity® Y ENA AR EE wrEgiy
FHAan s File 4HE GAdAMe FFdEE AEIHDZ

Zolt,
&3 2ol Jephol i,
Fitness = Costmax
4714, Costma
Cost

Aojtk, GAx A", =4, wul, W

L A
e RE

Cost = Zﬂu l; d;és
[y}

A7NA, pe = Ha4F w82 u g

o 47
Zo A4S
9 olelg #ge] wELWPoRA Haugel A8 Roluste Holg
linke} ¥ sholx BHew THH Zstring®)

- Cost (H
= AAu &5 Hdgh
=z} AA R Ay g

% owe vgol ®e AFES spAY,

So] the Mol AEY
AR e Adel s o

o

g4 A A=
A gd #AE YA
GAY 7} string
082 thE o] AAbE oMol

pe (2)

lij = pipe iolA j2¢ Zo)

By= &9 d*"s} pipe iolM j2 o] @9 HolF HE,

-739-
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(4) Optimization Procedure

Read system input data
and GA data

Generate Initial
population

Generate new population
from the old population
using GA operators

Check up Hydraulic
Connectivity

Add Penalty Value

Discard

Fig. 2. Flowchart of the main program
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Table 1. Node data for New York City Water
Supply Tunnels Network

Min. Min.
Demand Demand
Node | Head 3 Node | Head 5
(m”/sec) (m"/sec)
(m) {(m)
1 91.44 ~57.129 11 77.724 4814
2 77724 2616 12 77724 3.316
3 77724 2616 13 77724 3.316
4 77.724 2.498 14 77.724 2617
2 77.724 2.498 15 77724 ¢ 2617
6 77.724 2.498 16 79.248 4814
7 77724 2.498 17 83.14944 1628
8 77724 2.498 18 77.724 3.316
9 77724 43814 19 77724 3.316
; 7 e — 10 | 77724 | 0028 20 77724 | 4814
SN = BROOKLYN Fa— ==
== =
Fig. 3. New York City Water Supply Tunnels
Table 2. Pipe data for the New York City Water Supply Tunnels
(Hazen-Williams Coefficient for all tunnels = 100)
. From| To . From| To
Pipe Node | Node Length | Pipe Node | Node Length | Table 3. Coefficients for Linear Cost
i 4 # o f i 4 = Function : C = 8yliXy ( X = a*%)
1 1 2 353568 | 12 13 12 | 3718.56
2 2 3 6035.04 | 13 14 13 | 7345.68
3 ] 3 | 4 222504 14 | 15 | 14 | 6431.28 Diameter Range B
4] 4 | 5 | 252084 15 | 1 | 15 | 4724.40 cm $/m/em "
5 5 6 262128 | 16 10 17 | 8046.72 0 =d; = 1524 1.0515 x 10°
6 | 6 7 | 582168 | 17 | 12 | 18 | 9509.76 1524 < dy = 3048 27% x 10
71 7 1 8 [2926083] 18 | 18 | 19 | 731520 3048 < dy = 4572 13681 x 10
8 8 9 810.00 19 11 20 | 4389.12
9 9 10 | 2926.08 | 20 20 16 |11704.32
10 11 9 3413.76 | 21 9 16 | 8046.72
11 12 11 4418 60

=741~




Table 4. Genetic Algorithm Parameters

Population |Generation| Probability of | Probability of | Probability of
size size Crossover Mutation Recombination
( Pc) ( Pm ) ( Pr)
20 120 08 Q01 003
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Table 5. The Optimization Results' Table 6. The Optimization Resuits: Pipe Diameter and Costs
Residual Nodal Heads.

Diameter (cm), Cost (Million $)

Min. Head Head
Node

(m) (m)

1 91.440 91.440
2 77.724 83.110
3 77.724 81.040
4 77.724 83.542
5 77.724 85.125
6 77724 82.829
7 77.724 83.496
8 77.724 83.460
9 77.724 83.067
10 77.724 83.203
11 77.724 81.034
12 77724 79.828
13 77724 79.049
14 77.724 79.473
15 717724 83.637
16 79.248 82912
17 83.14944 83.180
18 77.724 82.822
19 77.724 83.058
20 77724 82.717

Pipe Copnectivity

# 09818 1 0982 [ 0983 | 0984 | 0985 | 0986 0.987 0988
1 165.1 [ 193.04 | 17272 | 17272 | 170.18 | 208.28 | 220.98 | 335.28
2 157.48 || 154.94 | 15748 | 175.26 | 15748 | 160.02 | 160.02 | 32258
3 175.26 || 182.88 | 160.02 | 1778 165.1 3175 | 447.04 | 213.36
4 2159 | 16764 | 187.96 | 157.48 | 21844 | 220.98 | 15494 | 187.96
5 154.94 | 16764 | 22352 | 210.82 | 160.02 | 2413 | 259.08 | 231.14
6 165.1 || 16764 | 160.02 | 16256 | 167.64 | 1778 | 187.96 | 246.38
7 190.5 || 154.94 | 238.76 | 16256 | 18542 | 17272 | 15748 | 233.68
8 18796 || 175.26 | 1778 | 17272 | 16256 | 1778 | 226.06 | 264.16
9 162.56 | 198.12 | 180.34 | 200.66 | 337.82 | 360.68 | 281.94 | 276.86
10 157.48 | 15494 | 16256 | 1905 177.8 | 19558 | 23368 | 160.02
11 165.1 || 157.48 | 167.64 | 167.64 | 17526 | 264.16 | 3302 | 276.86
12 187.96 || 246.38 | 175.26 | 2159 | 180.34 | 350.52 | 19558 | 307.34
13 182.88 | 175.26 | 18542 | 182.83 | 177.8 | 193.04 | 185.42 | 353.06
14 187.8 | 19558 | 193.04 | 193.04 | 198.12 | 18796 | 177.8 | 213.36
15 198.12 | 177.8 | 16764 | 182838 | 1778 | 22098 | 353.06 | 170.18
16 165.1 | 15494 | 2032 | 18542 | 307.34 | 34544 | 3175 | 38862
17 16764 | 177.8 | 198.12 | 198.12 | 314.96 | 226.06 | 353.06 | 424.18
18 160.02 || 187.96 | 175.26 | 314.96 | 172.72 | 314.96 | 330.2 | 411.48

19 | 160.12 || 19558 | 154.94 | 16256 | 167.64 | 337.82 | 15748 | 2413
20 157.48 || 154.94 | 157.48 | 154.94 | 160.02 | 182.88 | 195.38 | 193.04
21 157.48 || 15748 | 16764 | 175.26 | 1778 | 198.12 | 182.88 | 193.04
Cost | 22.6766 || 24.5180 | 26.0959 | 28.2735 | 30.1898 | 43.7596 | 46.0806 | 64.1583
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Fig. 4. Optimal cost and connectivity with varying generations using G.A.
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