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Abstract

Previous studies for planning the pipe replacement of a water distribution
network (WDN) were generally based on a pipe breakage function. However,
pipe breaks do not randomly occur and pipes estimated with the same breakage
probability may not have the same leakage potential. Therefore, the pipe
replacement plan generated based on such a function may not effectively
improve the leakage of a WDN. This study thus developed a systematic
procedure for planning the pipe replacement. The procedure includes an
analysis of various leakage factors, a method to identify pipes with high
breakage potential, leakage potentia functions, and a pipe replacement
optimization model. The analysis of |eakage factors determines which factors
to be explored in this study. Based on historical breakage maintenance records
and network spatial information, a connectivity method is proposed to identify
pipes with high breakage potential. - The proposed leakage potential functions
enhance the conventional pipe breakage function with additional consideration
of leakage potential and ‘spatial variations. Finally, the optimization model
maximizes the leakage 'potential improvement to generate various pipe
replacement plans based on different leakage potential functions. The proposed
procedure was applied to the Hsinchu City WDN. The results show that the
proposed procedure can effectively identify the pipes that must be prioritized
for replacement and generate optimal replacement plans according to varied
leakage potential functions. The replacement plan generated by the function
based on pipe ages and earthquake zones is the best plan.

Keywords: water distribution network; leakage potential; pipeline replacement;
optimization model; sustainable environmental system analysis.
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B N, = N e R2 = 0.649; No= 4.502* 10°>;
B,= 0.0349
C R2 = 0.636; D;= 3.055*10°%;

D,=2.6393

Nt = DlDz(Dlt)Dz_l
+D,z+D,L

E-Ba R2 = 0.39; No= 7.743*10°;
N, =N e®'e®” 0
B,= 0.0933; B,= 0.0442
E-Bb R2 = 0.465; No= 2.968*10°°;
Nt — NOeBl'[eBZZ 0
B,= 0.0997; B,= 0.0479
E-B R2=0.275
¢ I N =N,e™ B,z
E-Bd R2=0.319
N, =N_e* +B,z+B,L
E-Ca ) R2="0.327
Nt = DlDZ(Dlt) NS
+ D,z
E-Cb R2=0.341

A,Bi, G, Di, Eii 2 iF fhdi; tt g d4 Not & K& cndp 3 5 No g 84 t & cndpiaf 5,

L: # &£,z # R4 B dig s,
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3042 HIEA R R

F I S e 3

(mm) (D-Bb)

N, = F,N e N, =N_e*

65-150 R2 = 0.604 R2=0.625
200-1000 R2 = 0.603 R2=0.481

65-125 R2=0.847 R2=0.918
150-1000 R2=0.642 R2=0.626

65-100 R2=0.842 R2=0.919
125-200 R2=0.573 R2=0.555
250-1000 R2 = 0.591 R2=0.806

65-125 R2 = 0.847 R2=0.918
150-200 R2=0.572 R2 = 0.557
250-1000 R2=0.591 R2 = 0.806

Fo % /i3 & e, 2 -
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%43 L E RERNEE R

@ 3B A3 EPANET2 fichg i & | A% 234k K& 2.

2 b s RN ER L E B ROKESTL

(breaks - CMD) (breaks - CMD)

A2 1,580,428 265,123
B 408,671 67,851
C 641,662 117,139
E-Ba 986,170 347,706
E-Bb 081,685 371,593
D-Ba 410,627 105,260
D-Bb 1,325,155 137,162
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BORER AR P SRS BRSO M ENWARS #HE P ETR
THo ed WA R RERNS LS EBRESRTHEY A AE  BEE R
G AR E (F R Fr i LSO 30 A B (T AT o 2T A
1Ak EPANET2 Hogtin B4 A0 F S 44k R B #4517 e 2 R fF
Fufl o

% ¥ 87 EPANET2 B2 i 18 74k R3] > A 47 & fadk ¢ BER
FFER S o ok 44 o B s H AR KBS S EP A ERoT
Hi Sl C IBorngs| B IRGE o R SRR INRHE O E R KRR T
AR FIPTRE R BRERPERE OERBRREINL AP
A R R EA - H o~ 2 45PF > B E-Ba Sl R 5 P BB hEw|
g,@%B&&%ﬁﬁwgﬁwmiT’@zﬁﬁﬁﬁﬁﬁﬁﬁﬁmﬁa

CFL N R M AR E S R T A kARt PP RKE R
THE TS R drd 450 G A Fnt faadic? o D-Bb Sl § 3
LR A Hhd - H o0 )pE > R E-Ba Soicehig g S kA
o @ g A2 B RO E S 3ol @ Slip B A R

L

A BHEF ML Bk EAY kKRR FA 0 24 EBa
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Foode FPEY E-Ba BRI R REFHE o Hid g iR

B R FIEHT F B T

3 44 A EPANET2 Htin B2 £ ik § RENS 2R A8 %

® % S B £ BB TiaiE hE BRI/ T EE
(breaks - CMD) | (breaks- CMD)

A2 1,804,675 21,073 85

B 393,907 5171 76

C 737,943 8,296 88

E-Ba 1,410,876 11,368 124

E-Bb 1,353,742 14,839 91

D-Ba 342,038 4,014 85

D-Bb 361,710 4,568 79

045 R cyskr KR RS E RENN R E R A S

% S Hc e i £ B I 4t A ER /T EE
(breaks - CMD) | (breaks - CMD)

A2 261,216 1,178 221

B 70,608 260 270

C 118,538 457 259

E-Ba 617,559 1,233 500

E-Bb 667,468 1,498 445

D-Ba 110,494 370 298

D-Bb 150,575 475 316
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