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Abstract

Concerns related to protecting, identifying, and isolating of subsystems of a water distribution network
have led to the realization of the increased importance of valves in the system. The most important
purpose of valves in water distribution systems is to isolate a subsystem due to breakage, maintenance
activities, or contamination. A subsystem called segment is isolated by the closure of adjacent valves.
Minimizing the pipe failure impact, an efficient algorithm is required to identify adjacent valves quickly. In
this paper, an algorithm to identify adjacent valves to be closed to isolate a subsystem from the remainder
of a network when a pipe failure is presented. The algorithm is operated on a matrix called the valve
location matrix containing the information of valve locations. An application to an existing water distribution
system demonstrates the developed algorithm efficiently locates the adjacent valves for the isolation of a
broken pipe.
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< Jun(2005) el 4 AStEIQiTh, o] dme]EL = N
9 712 mjEg A~ = Node-Arc matrix®} Valve
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Pl P2 P3 P4 P5 P8 | P9 | P10 P13 | P14 | P15 | P16 | P17 | P18 | P19 | P20
N1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N4 0 1 Q 0 ] 0 0 ] 0 0 0 0 0 0 0 0
N5 0 0 1 0 0 0 0 0 0 0 0 0 1] 0 0 0
N8 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
S :
Nio| O 0 0 0 0 0 0 0 0 1 ] 1 0 0 0 0
N11 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Ni2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
N13| © 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0
N14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
N15| 0 0 0 0 0 0 0 0 0 0 0 1] 1 0 1 1
Fig. 2. P6 T 2|0f 2|3t segment HO| MAE(EA L &),
olo] A= & P6ol A UEE segmentE ©] A5 3T AlFHERR] segment A2 E 3] 25 of
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Pl P2 | P3 | P4 | P5 | P63 P7 | P8 | P9 | P10 | P11 | P12 | P13 | P14 | P15 | P16 | P17 | P18 | P19 | P20
N1 0 0 0 0 0 o] 0 0 0 0 0 0 0 0 0 0 0 "] 0 0
N2 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N3 0 0 0 1 0] 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0
N4 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NG/ [ 370, 2071 er 0 el 0ot e Onnt IS TR N OGS0 | 60 =450 0 05 0 L0061 200 A e0ual 0| S0 1= 0 O IRI0 12 0
N6 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0
N7 [0 1 osR o= (S0l Sa NS NP ISoMNE oS s oS =Ra @0 [ S0 B soial el o (o Mo 1S 0 So =7
N8 0 0 0 0 0 0 0 ] 0 0 0 0 1 0 0 0 0 0 0 0
N9 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
N1O| O 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
N11| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N1z| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ] 0 0 0
N13| © 0 0 0 0 0 0 1 0 ] 0 0 0 0 0 0 1 0 0 0
N14| 0 0 0 0 0 0 0 0 0 0 0 0 o] 0 0 0 0 0 1 0
N15| 0 0 0 0 0 0 0 0 0 Q 0 0 0 a 0 0 0 0 0 0
Fig. 3. P6E Zzst/| 2ot M-EE EMO| of(HY 52 HE 7).
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Table 5. Sample network LH segment QF EtAHE] K=

Tto] 2 Segment Valve list

P1 St = {P1} V(N2, P1)
P2 S2 = {P2, P&} V(N2, P1), V(N4, P3), V(N2, P4), V(N6, P5)
P3 s4 = {P3} V(N4, P3), V(N5, P6)
P4 S3 = {P4} V(N2, P4), V(N7, P20)
P5 s2 = {P2, P5} VN2, P1), V(N4, P3), V(N2, P4), V(NG, P5)
P6 S5 = {P6, P12, P11, P7} VN5, PB), V(N3, P7), \/(N P5), VN7, P20), VN6, P10), V(N6, P8), V(NG, P13), V(N7, P14)
P7 S5 = {P6, P12, P11, P7} VN5, PB), V(N3, P7), VNG, P5), V(N7, P20), V(NG, P10), V(NG, P8), V(NG, P13), V(N7, P14)
P8 S6 = {Ps, P18} VNG, P8), V(N13, P17), V(N14, P19)
P9 S8 = {P9, P10} VN3, P9), V(NG, P10), V(N8, P13)
P10 S8 = {P9, P10} VNG, P9), V(NG, Pwo) V(Ng, P13)
P11 S5 = {P6, P12, P11, P7} VNS, PB), V(N3, P7), VNG, P5), (N7, P20), VN6, P10), (N6, P8), V(N9, P13), V(N7, P14)
P12 S5 = {P6, P12, P11, P7} VN5, PB), V(N3 P7 ) V(NG, P5), VN7, P20), V(NB, P10), V(NB, P8), VNG, P13), V(N7, P14)
P13 S7 = {P13} V(N8, P13), V(N9, P13)
P14 S10 = {P14, P16} V(N7, P14), V(N10, P15)
P15 S11 = {P15} V(N10, P15)
P16 S10 = {P14, P16} V(N7, P14), V(N10, P15)
P17 S9 = {P17, P19, P20} VN7, P20), V(N13, P17), V(N14, P19)
P18 S6 = {P8, P18} V(N6, P8), V(N13, P17), V(N14, P19)
P19 S9 = {P17, P19, P20} V(N7, P20), V(N13, P17), V(N14, P19)
P20 S9 = {P17, P19, P20} VN7, P20), V(N13, P17), V(N14, P19)

Step 4l A 7&*—‘13 U}&i 2 N3E A3

Cell(N3, P7) gho] “I"o]mi o] Mt ehao} shi

4
AeEee Ay ?'U)r.

A% B = (V(NS, P6), VN7, P14), V(N7, P20),
VN9, P13), V(N6, P5), V(N6, P8), VNG,
P10), VN3, P7)}

Step 6: Segment W] ZE #e| ZHAo] Eforn =g
HEHog gy AFumEs Step 59] A|FwHE e}
Fdg=

9 Y& Udntzl slo] s B3 Fig. 59}
Zow Fig. 19 Alguld #dolA] S/l e
segment$} 7} segmentd A ¥ H = Table 5

oot

3. MetEl ME EHA otia|Eo| AH o

40

!

Segment 2| 2125
Al

yg

Segment U 2

v

201 D& ALE?

Fig. 5. Hls=2i=

ESegmem [Eapsiel]

12|15 SEZ(Flow chart).
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+ B 93] FH: CAD file =+ Shape file

olF WEHA HH& ofF

file ez Ao 9loy o

Table 6. M- =0] £=0f 2 segmentQ| 21
M=ol o~ segment 4= Percentage
1 57 5.3%
2 437 40.4%
3 440 40.7%
4 107 9.9%
5 22 2.0%
6 12 11%
7 3 0.3%
7+ 3 0.3%
= £ 1081 100%

location matrixE& F+AJ 3ttt Atd Lzl HFL
Visual Basico. 2 Z 2133} ¥t}

Segment o] due]Fo A& 2 1,081
segment7} A o] Eglon AtH A5 t
&S 283kl 7} segmentHZ A 41
st s T AA segmentE T3k
segment@ 2 A|FHHE p3l=t] oF FEo| ~8
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e AT A7) wel dEA 2R R
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Table 7. Segment@} M|Z=HEO| 0ff

Segment ot IR =]
S(54) 11009, 11012, 11011, 11013, 11018, 17057, 14341, 14342, 14343, 17056, (9636,11010): (9637,11010): (9637,11011): (14717,17866):
14344, 14339, 14345, 14346, 11021, 14348, 14347, 17857, 17859, 15119, (14713,17884): (14723,17878): (14725,17876):
17860, 17864, 17865, 17863, 17866, 17867, 17861, 17870, 17858, 17860,  (12152,17056): (963711011) (9641,11018):
15114, 17871, 17868, 17875, 17887, 17884, 17885, 17882, 17879, 17881,  (12152,17056): (9641,11021): (14717,17866):
17880, 17883, 17886, 17876, 17839, 17888, 17873, 17872, 17874, 17862, (12739,15114): (1471317884) (14725,17876):
15118, 15117, 14340, (9274,15117):
S(78) 11904, 11905, 14551, 20867, 20866, 20864, 19508, 19507, 20865, 20870, (10292,14553): (10292,19506): (15816,19506):
20868, 20869, 20871, 20885, 19315, 19317, 20874, 20873, 20876, 20884,  (14443,17497): (1444317503): (14450,17505):
20722, 20721, 19797, 19798, 20883, 20877, 20878, 20872, 19318, 17504,  (12758,15150): (12762,15147): (12764,15155):
17501, 17499, 17500, 17508, 17507, 17513, 20881, 17502, 19319, 20194, (10293,11904): (15817,19507): (9288,17507):
20181, 20183, 20182, 20184, 20185, 20186, 20879, 20882, 20875, 20880, (14452,17513): (16273,20182): (16275,20185):
19799, 20723, 19316, 15138, 15139, 15142, 15146, 15153, 15143, 15144, (12758,15150): (12762,15147): (12764,15155):
15148, 15141, 15145, 14798, 14799, 15150, 15147, 15155, 15149, 15154,
15151, 15152, 15140, 20064
drde 2o g2 Agte] AA segment Fol 2 AT B =EoA AotE EAE Fd 99
Agwn gdo] 4gHTh & Eof 1007] Jxo] 7L At UE A AFUBE FIEHAY e
AFBOZ o|Folzl AT AE 0% wvhe]  RES FHF Feste] dHrteEE Eolv FAESF
= Aol drdn. Y FRE F g delt F Az AdEE
AlelE 714 segmente] 4= Table 69 UEl  F@To|u 7[&d o] &atn J& FFAES et
WAt oF 80%<] segment7} AW E 27 WA= 3 7] S8, ASH AUy g du|Fo] g&F O
NEZ A7 Vst ont 770 o3 Aleiiart g 2 AMdE 5 S ol
Q3 segment‘:— 37071 9l e o] F segment S(54)<}
S78) A% 42 17709} 18709 Al¢wur) dest 4. ZE
A Table7 A%). Table 704 A|FBE = A &3t
uhe} ol (A, )9 FEE A= o] girt, Aol woo) HUA Ard gZydigde] A
Table 704 BRI AF} Zo] B4 segmentE 2 F YA =W # sf7jof] 93 I3 & #4387
glet7] el B o AFHEs Dot Ao 95t FHE Bl AYE g AU o]
AW Hol £7b ol H segmente] A7 B/ T8 A vk & HHYA GHEH L AIESHA
g A7 dAE At oA AFEE PN AR XaH paEdd o &4 &4 E F
S| Z7F 100%7} obd ol & 149 Aleiidgts 2 dho] mE &5 axte] grt A F JJoBR o
5 A B AT, A segment= AT A Foo g A E HA3) s|9ste] dad AFEEE
v F Ao r A4d gl ofust mAA @ A3 AAsle] gy H #S Aesr] 9@ Al
o} wehA], o] @ segment7} AYE 4 FUHEQ H @A dueEFS ALsATh s 22 S 2
AeillHo] HX2 segmente] A7|E FYC2A A A
T3 FF A 5L Fo]3 segment A2 AL F
AL 5 Sloh, Alste AR Egd ganeEs A (1) AleBeg 2437 9ot dPFgoz A
AGA e o] &3te] 7MAAR FFddoA AgelE FHBE X E 12]¢ segmentE A o] dte FarE
o] AXNEXE u|g] BAgte] Be Fo AeErt & olg AT AA| segmentS A 2|5kt
2ag (919 oo} 22) segment7} YE=A S & (2) A9 segmentd & 7} segment?] A ]2 9]
olgte] AAC e = J& Folt}. =3 71Ee  AFUEE FEHo R BT £ duelEE A s)
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Attt Aletd dme]EE valve location matrix S 7] %t

dta glom® F7hAQ A57F Baglo] segment & ZAIS| 2

A G gg|Zd A AFLE valve location matrixE o] ¢

ato] A8 E84S =3 AT I A7 2A T (FA™
(3) Alotd LduzlS % segment Fo] &uElSS  Z: R01-2004-000-10362-0)¢] Aoz 350
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