sty Es=2H

A8W 63 2008 124

pp. 31 ~ 36

AP TR0 2|3k Tlsh Z2|we|
Development of a Method to Reduce Damages by Pipe Failures
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Abstract

A water distribution system should be constructed reasonably to supply water for the customer with proper quality and pres-
sure as demands at nodes fluctuate with time. Also it should be reliable to minimize undesirable effects on the customer when var-
ious accidents happen such as pipe failures. A new method is presented here to reduce damages by pipe failures. For the work,
two methods, namely, the method for estimating practical extent of damage by pipe failures and for estimating water distribution
reliability, are adopted to analyze a water distribution system and to explore the damage reduction by pipe failures. As the results
from the analysis of the model, the damage can be reduced effectively by increasing durability of each pipe in minimum cutsets
according to the order of priority. The suggested method was applied to the Cherry-Hill network to verify its applicability.

Key words : Water Distribution System, Pipe Failure, Damage Reduction, Minimum Cutsets

2
R ragel ool 253 52

Q
HiAle A9l AlEo R WiRsle] AP O WEs o] B¢ AR oz A%
e}

oA obgH oz FFalor Bk B T ) 2 Ak BARS SOl 85 Fanel U 9P Hs) o
T Qe PRl ¥ A8S BER TEulolol Atk B Al 45w sl g WS gelow AP 5

= WS AXs &
3 Akl g Aol o3 vjsf e =ESI

Re9lel w2k gazlozA A Bl o wslg aEew

wrgel] H-gslo] 28-S A3t
A0 : Fdd, AJ5d 2, 9873t Minimum C

Fd i (water distribution system)y> TA7 5 FA1E €
R I
A Aol 855 75, B, sk 7Iss 7
T8, EHx 9 iy 5o zg};} - Bzs) L—]]E_Or_-j_ PAES
go|t}, EAAS gl = 20043 7)FE Ao & 4
=] AL oF 5322kmelH o] F HiGES 3,344 kmE
A A3 A=z 63%‘; ol2 AxZ A AN 2E o] wo
RES AR AlBolt oled wiA e FelHel A
Fo g wjxsle] ARHHoR WESHE e tisle] 2A
6—]_ _I_;q_/] AN zqzqg]_ olE:]___i e~ z%o]tri}\-] o}x%z%gi
FFslok 3ol g5 v 2o At BRE Bl

97 9o s1el 92 shale] ol oAl ALk Al 7 B 3

o} B4} minimum cutsetd]] £33 Ar#e] WTAS %B.-"r
AAZ = Ao Aeke WPHS Cherry Hill A

utsets

g 4 Y=

FFE Hrst & 7 s =

TEEojok gtk vk 19089 A&
3k o]Z = 19543 22%0] EikEtd
91%0] °]Z31 A HKOSIS =7}
SAXE) TAS mE QT FFo=Z 8l 857t B

AHo] VAL Qlow R w=gs}l W At T 1A
840 I FoF QIsk Tt viwskAl WAElaL Qlo] A
S A 9 fAEEE g gEldola awslE 7]
He] sigo] Hasit.

ATte] A X (reliability)= Adde] JEE 133}
T 8% AREA, AN o} AEs fAE] AY
FHo ol T3 TS 3lar Utk Mays(1996)= Al
iE‘ﬂg] AFTE =7 7]7q]x40] /\]g]cg]_ Tﬂ_}z%o] /\]ﬂ‘:

51 .

pul

oFgA]o)

7\

39 - gt BEEA| 28 F 8 A 9 7P AKE-mail:hwandonjun@gmail.com)
##*A3]9 - FIMY S EEF I} R (A A A

x5 Q) . SN A - AR S A FEH B

i AH(F) 71N T A SR/ E B

31



2 RISt AA7IM 7IAIRR] AlEEse A Al
T80 WIS Ut A8 A WA glo] X&EZH o=
A7RE ErEES ALY T Ue Al=H] FEoln g
SAR] AF| == 85 LHIREAl AHE qtom FESH
ES 3 F de AzHY 58S onigit Al2EY
A== 7AAR] AlFEe} FEEQl AlFE o= Rk
TRl S|A] SEEE AL ot S Al2HlY] AlFn
ARSI 191 = 71A1EQ] AF=s} SElshE ]l 4lF =
BAlo arEslorsit. whek o] Al Ml
ol dA=e] AFNZ B W 8 FexolA E&F
ola eHgH o T FFE dhar U= A e g
2F)e] FrE el & 4 ok ey g
AFEE 100% FEE F e 45, 2 g de
o] 984T ZE vie BT YELA Aj2golt
F A wgs), Q] FKY, AT SR Qg
U T 2 Ot o= 3l v AdElvt
XS WESkaL It Su S5(1987), Mays(1996), 1t
[e)

T

—

T

1 K oft rlo o

) ok

A
&

A

2 it o

A(2006) 5 ol o8l Funtel AH=S F45] 9
Be A7 A=Ak Su 5(1987y WESA WlelA]
o3 Al e WY dEE TR g e 7Y &
48] HAgke] FH3ho 2 HoJ%= minimum cutsetS 7]RES.
2 AaEle) AFES 2SI Minimum cutsets 78}
7] S8l thEFe Adsedoldt ol ool e 29 A
Sl ST sl et o) BolE Fal AlE Wie) of
= sh4e] nodett= 7IEClSH] o Aste ek =%
< minimum cutset® & TFHEITE. 22} o] mEe g
FAE BE gl TR AA I8 g9 2
23

o

E43E =017] 938 minimum cutsetS BFRFOZ Mays
(2004)2] success mode approachS &3} AFw 4 T
e etk

B ATelME e gl ok wsiE FedeE 3
2N e S AASA Jun (2005)0] AAISE A
T8 gol] o5k ssig e AP WA A (2006)°] A4
g AFE APE7 IS FEA s 418K minimum

2452 oa|of

10
o
i=|
=o£
ox
u\l
S
I

2.1 & ofa|of| mE mlsiAEde| F=H

2.1.1 Segment

Walski(1993)°l 2318 segment= J<r3o] g uf, 1}
e A A AgEBe] oaix AEEE Ao et
o7 Aol & & ok F, g A S HYAP))
Sl 1 el IS FET A Alslior & 49 3

32

7 AgEe o] 5t S SR segment= A9
g 4 A

Su 5(1987)¢] AFelre wiE et a2 Q8 u
gt T RS Doz TstAR, AAl
2 A A o] 8w AlgEe] 429 X wet
F7I=E QI #IE] AHE) oF 5o ¥ 194 P47t
gt 218 98l AlEErt A=A IFeE PsY
Al 2 EeE, A9Ho g2 XHE segmentllol] = HH N3
ole &4 Fgo] TR Ek o|2 Q3 ST B
gk ZHo] AT 4= gt} oo} e 13 Y
Agine] 9x)e} 5 18 F Joer=w £ o dd
7PA 4 Ss F4E 5 Atk

2 rlo

2.1.2 =3 Y318 (Unintended Isolation)

A B3 Al BEFE fste " #S EEe
segments XH|& 739, 3T segment/} PO ZHE FU
St ARY 79l dZAH it B HEL FUoENE &5
Ig°| T9E + Itk A BEL segmentd] HZE
Qele 3 TEe S Aol wdo] AE 4= Q.
Jun (20052 o]@jg J9S HlwF FiuHow o3}
Fom o)l FAlsl= 7P O ZA Bredth First Search &3l
255 3 @A BHAIA node-node matrixES 7|HkoE 3
Updated Bredth First Search ¢18]&2 7ekslict.

Hlo|=2] Foyglo] WA 79, o] FHd U= &
FoAE SE Y] B 8sas WA ek
Z HE AgdB) AFHEHA = ZIARE, segment Ujol] U
= &5 TR} vRPIAR 84 S s F gtk 1
d 1914 P49} PSE o] FoIF segment= BIYE=A Y3l
2SI

of

N

I

22 4= MEE FHOIY

Su 5(1987)2 cutsetS VTN L HHde] 84
w ks A oblshe Tase] 3o Aofst
AelM 23709 o] Sl BE S gl R
< 1A FYE 2ols T8 aF 23] Fme

ol

lo
lo oo

P1 N1 P2 N2

Reservoir

P3

Segment

Unintended Isolation

3% 1. P4 mi2jof| e AN meie =Y

sHEYMfEs| =2, M8H 65 20084 12



A} 71EA] olslz o] AslEle A3 f5-2 minimum
cutsets G312y ol o] JFAE s A
ot sHggto =a] AAZ AT 5 e T3] d9S 17
sk Fatgom 1 Al 7IRIg ke At 9A] Al=E
T gie @Ho] ot old BRAY 2006y Jun (2005)°] Al
Algh e aje] ofgh AAARI wsidY 7S =Y
SR A AEE AR HEAT 84S =ol7] 9
& minimum cutsetS HFERCE Mays(2004)2] success mode
approachs &3t A= 39 B3-S /dsigltt. £ =Y
segmentE cutset® = 3l o] F e 7% At
kel H43H] cutset’ 2 minimum cutset® 2 2|3}
Ak A71elx 7150 Ak A5 T R ool A
Aol &5 F7o] FHHAAY Ul o]y AHe| 7+
(1.5 kgfiem?)ol8ke] FEABLE FrasiAY vlo=s a1
H(unintended isolationyS FUsl= Ao E SHYHIIT} o]y
3k HYS F3lod Al2=E] 9] segment ¥ minimum cutset
o] A=W success mode approachS &3} A|E] Al
H=E FAHHA "ot olle AlEe] AEEE FAsE
21 UERdT

.

it o

K
R=T]P(Sc) )
k=1
K
P(Sc) = HP(SPi)=P(Sp]mspzmspzm‘.‘mspl) ?2)

i=1

5, Al2EY AEEE Aol Al minimum cutset®
2 AYss A AAY AlEEe] Foz vERE 4 Qi
ThA] D3l minimum cutsetloll U= ArFEE o= sk
T 7] et ofudt o= 84 o, A
H|o|x 2] Fqa1gio] WHAUSEA] ek=T.

2.3 A== miajoll ofst miaiel 37| Abdar o msy
7™ HMot

121U (2006)2] 2% F4 EHE 495 Ay} Al2Ele]
AF = S minimum cutsetd] Ae] WTAS A
o=z 7hs3l ok oAl e, A (1), 2)elA A
Sp 7F ARG A= AlzEle] AE|ee Skl 2 Aol
7)oM) e e AFHE FAR] Yol ojwl B8 A
wAslok skertolt). &, BAIA, P TgelA] Al=dl
o] AFEE B&FOZ FA717] $3IA= minimum
cutsetd]] EEEE F T dEe] =31 FAM] b A1F]
T Y a3t 3 g A & 9EiE AT B
2 BAsorset. ey AL (2006)9] EE-2 minimum
cutse] 5 F o= shuElE FEAS o FHae]
ol Aglo] AlaElo] offd AR Ao ZH vs)e]
M9} 77] 52 aEEkA etk Tido] At =, BiAl
A (2006)9] FHS Fairde A U A d5E SollA] of
H AT B0 & s & oy B T

=2t Iof ofgh mioi B2 ™ol JHe

ale] A71E 1S B SIEHE A% :

2 A7l 2L (2006) 2@) TS Heksle] e

el wE Faje] 271E FFHer T F 3= Uy

S AXEReH olE wiEer IEiE adA R A

7] S5l BAFe] $459E AXse WHE AASTh

BAel +AedE AdsIfsite Al e el
S

ek
?
fr
¥
4 O

A=A fFIrHe] 3 segments FEIE ol HFE
ofokgitt, F3h ol whe} vlo|wd Foago] wAE 4
Aot AyHoz g ulol] mE W4lE segment
W A3 S HIoEE] oy o dHelx] 85E ¥
HEe et "ok oA Fel gale] A271E a1elshe]
3|M= segment GHE X9 Aok ).

&3 nle} o] segment W A=edo] shuels wajwd
A 7res EH "ok &, Al 715S LEE] fside
segmentd] EE o] G AdEle] Qlojob =

=

o1
segment’} Y JENY &2 the Zh
M
S(Seg) =T [S(P) (3)

j=1

714 S(Segiy> minimum cutset®] HeJoll = A segment
7t 7 d 8l (success)ll IS FES gt S(P)= AT
segmentol] U= o] A FEoH M
segment W A3e] Fo|t}, gk o] O ZHE] segment
7F v EHYd gES AT ok

F(Seg;) = 1-S(Seg,) 4)

71 F(Seg) minimum cutset®] HH U= A segment
7} ¥l (failure)ol] = FES vt
Segment’} THHOZH WA= TIF~= A W
AAl F AT e AlgETIT TOENE TR okt
o 28y g AET gl Aeolle o 22 S
B3l JEes =44 4 ik
0

NCOS = sz IAWQUH )
k=1

o} 714 NCOS+ ©4Q1(the Number of Customers Out
of Service)s Ul AWQUH= Aol H & A&
(the Average Water Quantity Used per Capita)®]Tth. D=
HFE segmento} HIOEZA 1Y Yol e kAA EF
o] QS ouetH o= Axe ol

ENCOSE segment’} RIZZG e of 23t & o4
@421 -=(the Expected Number of Customers Out of
Servicey= th o] +48E & Ut

ENCOS = F(Seg)) x NCOS 6)

£ ENCOSZ 7HAIE segment’} -4 RH7FE|ojokdit), &=

33



gt A segment WHolXE S(Py7F RFS ] BATo

35S U Zt

31 XM X9 & =A

A8t A9 "= Connecticut 570l 9|8} Cherry
Hill <=2 X431t Cherry Hill 23522 9072
=T, 104709) FolE(6, 8, 12 X 3F BAHOE FA),
947)e] Ag= Mr Fo= FAH] itk (3™ 2() B A
oAl AWQUHZ- 171 gallon/ day/person (http:/water.me.vccs.
edu/math/waterdemand2.htmlyS EPANET & ©$¢} &Y
st GPMOE Wgkste] 85ttt 3 Al 7P B o
OIS WAAII|E segment= 1Y 2b)¢t Tk T
segment= 770] GO E o]Folr] glom o] F & 3
veo] o] gydEgstAgte g/l AewEz A
1,182 9] &l gt

dde] AFEE Su 5(1987)9] A= ol8sle] FHsIA
ow Hx 9 g9} e g0 gyt AT B9 Al
g ZAAE whEEe] £ ATe] WS BloluA HEZ Al
T A AL 7S] o] AlEEE Su T
(19871l 93] AA1E St. Louis AlolA] A717te] A3 =}
7|50 2RE F89 IS R FHsIGTh (A
(1~(10))

_0.6858 2.7158  2.7685

i 326 13131 .3.5792
i D; D;

+0.042 (7
D

B, = a;xL, ®)

1 Source
88 Nodes
103 Pipes

1 Pump

I Tank
90 Valves
80 Segments

(a) Cherry Hill &=~2t2to| 4

fi=1-¢"" ©)
ro=1-f, (10)

o 7|A], i=Pipe index, D=Pipe diameter(in), L= Pipe
length(mile), o= Breaks/mile/year, [ =Breaks/year, /= Failure
probability, » = Reliability.

ofw ) AT 19 F Aol ojaist Aol
85, dRAS), vieey Teluge] wysA e o
&2 omig

3.2 Hgdn

1 (2006)9] 23S -85 A3} Cherry Hill & 10371]
A SollA 907)e] A=ETo] minimum cutsetol] E5FATE
o] T & TERIF(NCOS)E 7= segmentol] &3k A<
FEo] B o] = | segment WA=
Syt e ArEs 4 BATPde] otk o] i 1
271 &9 Wt minimum cutsetell &3 907119
Z NCOS7} 15078 oPd?l segmentZFA|TF B7 -4
yehd Aolc), E=3F B7F d ENCOSY] F3 285.52%.0
2 Yepgon gl AFEs 0.1373102 ARKE AT

2 HgoMes Iy Al 7P & DTt e
S0yl &3 7709 Ad5HS 14inche] #HoE wAsle] 7t
Zro] AFE7} 0.9901d0] @ 5= Al ALk okl ® 2
© B Ans Jelith 27 A A3 AlzEe] AFe
£ 0.137310014 0.1415512 37} 9=5=0] wln] S3A|qt &
ENCOSE 285529004 252.17H2F 11.68% 74513t

l~

-

i
o i F_‘\: flo

[e)

iy
o

(b) Cherry Hill &2+ F ofx| o

1% 2. Cherry Hill A2zt

34

sHEYMfEs| =2, M8H 65 20084 12



I 1. Cherry Hill &2t 22 2M=¢ 23,

;}3 Plige (i Igh) (%t) Reliability | Failure Rate | Segment ID |  NCOS Rse‘ilg:;ﬁﬁty ENCOS
1 84 8 375 0.984393 | 0.015607
1 87 8 375 0.984393 | 0.015607
1 90 8 375 0.984393 | 0.015607
1 91 8 375 0.984393 | 0.015607 S(20) 1182 0.914226 101.36
5 93 12 400 0.988958 | 0.011042
6 92 12 300 0.991707 | 0.008293
7 116 12 264 0.992699 | 0.007301
8 120 12 647 0.982201 | 0.017799
S(39) 456 0.975679 11.08
9 127 12 240 0.993360 | 0.006640
10 41 12 743 0.979587 | 0.020413
11 35 12 383 0.989425 | 0.010575 S(13) 43 0969227 1395
12 67 8 838 0.965460 | 0.034540
13 75 12 647 0.982201 | 0.017799
14 156 8 216 0.990981 | 0.009019
15 72 12 300 0.991707 | 0.008293 529 383 0923611 2923
16 71 12 240 0.993360 | 0.006640
17 4 12 83 0.997699 | 0.002301
18 97 12 623 0.982855 | 0.017145
19 94 12 240 0.993360 | 0.006640 529 38 0976329 823
20 133 8 1150 0.952907 | 0.047093
S(43) 221 0.935323 14.30
21 129 12 671 0.981546 | 0.018454
22 157 12 1796 0.951368 | 0.048632
23 54 12 600 0.983483 | 0.016517 S(18) 205 0.923296 15.72
24 44 12 479 0.986792 | 0.013208
25 142 8 1821 0.926461 | 0.073539 S(71) 180 0.926461 13.25
26 136 8 647 0.973226 | 0.026774
S(34) 158 0.951949 7.59
27 107 8 527 0.978137 | 0.021863
System Reliability 0.137310 Total ENCOS 285.52
E 2. Cherry Hill &%] 774 &=z 22+ A1t
g;ﬂ Plilg’e r rgh) (]ﬁ) Reliability | Failure Rate | Segment ID | NCOS Rse‘ﬁb’;’g;?i‘tty ENCOS
1 84 14 375 0.991022 | 0.008978
1 87 14 375 0.991022 | 0.008978
1 90 14 375 0.991022 | 0.008978
1 91 14 375 0.991022 | 0.008978 S(20) 1182 0.942463 68.01
5 93 14 400 0.990426 | 0.009574
6 92 14 300 0.992811 | 0.007189
7 116 14 264 0.993671 | 0.006329
System Reliability 0.141551 Total ENCOS 252.17
4. 4 £ Azt AR o2 WHEshs ool tiste] 2g e
5 AR o= ASH oA B oE FHslof o
A (water distribution system) 2|21 AlEloZ ] o}, I3 Aedaly]) 22 Al dAElS AR 84
A kol oI5t mloi A2V (el T 35
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