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Analysis on theory and technical framework of optimal maintenance of water supply network / CHU Junying',
WANG Hao' , SHAO Yu®, YU Tingchao® (1. State Key Laboratory of Simulation and Regulation of Water Cycle in River
Basin, China Institute of Water Resources and Hydropower Research, Betjing 100038, China; 2. College of Civil Engineering
and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract: Aiming at the problem of optimal maintenance of water supply network in the case of failure of water supply
network, three stages of optimal maintenance of water supply network are systematically summarized. Three basic theories
of optimal maintenance of water supply network are put forward: pipeline failure theory, pipeline maintainability theory and
optimal decision-making theory. An integrated technical framework for the optimization and maintenance of water supply
network for the whole life cycle is established, including data fusion, state identification, measure collection, optimization
decision-making and scheme implementation.
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Fig.1 Dynamic evolution and maintenance effect on failure of water supply pipe in whole life cycle
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Fig.2 Integrated general technical framework for optimal maintenance of water supply network

on perspective of whole life cycle

KA A R R H AR A B SGE . o, A IE R
RO AT R AL G Y A W (9 L%
SN, W ALAR A ) P R R R R B R
HA S A0 ) R Bl 25 T 252
3.3 HEES : NEERREEHFEARE
TG KA o0 g 1 S 2 L A4 T A
BN o BEEPAEOR VL B BOR SB™ i
B T AR 2T A AT S 18, (K S8 2 40 A
(e ENLER TE % S L e % Tk 5 % N IR iy it
M ORI ISR S B BOR S, R EUIOK AR )
Mo A=A R, BERS I8 Tk i R KK BT
I, AR AR, B2 7 7 %o A8 T 4 A ) 2 Wiy LA Dl /0 T 3
PRI o B, SR AE AR THZ HR B 5 i v
PEJEE AR Il A i A 1 22 2 Bl O R AR BA 78 1
BEARNAS . FE AR AR A R A A T R
TR DB AR BT R Al S A TR
PRMA TR B AE S 248 TRl RE . RSPt
KA FIOLALLES AR AR 5, HRT 250U I ) B A
FIPE R TE AT R LA At e T 3R 2 Mgt AT BAR
KA TR SR B R AR Y #5158 T 58 %
3.4 SARK:NBEIRRKE S BIRAHEE
TEBEKAS W GE47 58 AT BRAG Z64F T, D PR B it
KK K LR T T AR R R Al AR S Y

B E bR pR R ) 22 AR AL, i g ek S,
BhASVRUMNAE  FPA [R] I 5] Fr) 247 06 R 247 5 it A
HEAPRCR . MG ZTTIE HAR IR LR R TR
PR, B X B AE UL FI A UK B AR W 32
UREES R Qi e PO e R DL RNV EA L SR S g O)
& T IO R P A TR e L R
SRS o AN, S e K A R K g el
P K JFUZE AR LR AR 2200 FbR , g il Tk
FE AP E U o i 2 H s AU o A A S,
TR AR M IR IR DA 32 5 3 99 4 4 O LA
BB/ LB, 2 S IOK RS SEOKT-
3.5 FAERXZE:NERITHEEEGEARERET
BT AT AR, KAl 1k — 25 5 itk
B L B S TR, MRS a5 i 1) A= i
BB AR , W RS AL A T R Sh AL Rkt st 4
o PR ARYE BLR B I 7 547 B A 52 it
T OLBEAT SIS BRER PEAY , AR S8 1E 5 22 1 AF
T, DL A= i J 300 S ik S BB K A8 T R 280
TSNS I , B AL R E 1

4 % B

XK B AT MK B 192 75 4 W
T MK O 200 i 1 5 8 B R 2505
<71 -



R, UM A 574 38 Xk G AN AL, IR AT 4 7 P fh ke
ISR G B SR AOE 915 3, DLk Ak
ol KA T AR Rt R I ST RS MR . ASBIFSE TE O
il E EA BT RCR , 23 T KA RO A 4 3
(13 BB, 1R T RUKE e 3 A,
FHRFARSL 1 1T [1) 4 A= A SR ) — AL RS
S 5 FEHE S IR Al R BOE B T2 sh AL fe 44
M, S B ALGEIL 3 1) KA il 5 e A8 WOIRAS I
W ) KBRS , MARGEE A T B HOR B AR N
B H b pR R ) 22 FHARIL AR A2 LS MR 9134 1) 42
A= i SR SRS B g ST RO B e A K A T
ey, MARKRARESRE , BEF AR,
PR M AED 108 BEAL RTEALTE O D2 Tt

S Xk

[ 1] SHAMIR U, HOWARD C D D. An analytic approach to
scheduling pipe replacement[ J]. American Water Works
Association, 1979 ,71(5) ;248-258.

MOHAMED E, ZAYED T. Modeling fund allocation to
rehabilitation projects [ J ]. Journal of
Performance of Constructed Facilities, 2013, 27 (5):
646-655.

DANDY G C,ENGELHARDT M O. Multi-objective trade-

water main

offs between cost and reliability in the replacement of
water mains [ J ]. Journal Water Resources Planning
Management,2006,1322 .79-88.

ROSHANI E, FILION Y R. Water distribution system
rehabilitation under climate change mitigation scenarios in
Canada [ J]. Journal of Water Resources Planning and
Management,2015,141(4) .:04014066.

SELVAKUMAR A, TAFURI A N. Rehabilitation of aging
water infrastructure systems:key challenges and issues[J].
Journal of Infrastructure Systems,2012,18(3) ;202-209.

U. S. Environmental Protection Agency. Drinking water
infrastructure needs survey [ S]. Washington D. C. : First
Report to Congress,1997.

HONG H P, ALLOUCHE E N, TRIVEDI M. Optimal
scheduling of replacement and rehabilitation of water
distribution systems[ J ]. Journal of Infrastructure Systems,
2006,12(3) :184-191.

SCHOLTEN L, SCHEIDEGGER A, REICHERT P, et al.

—
o]
[

Strategic rehabilitation planning of piped water networks
using multi-criteria decision analysis[ J]. Water Research,
2014,49:124-143.

SELVAKUMAR A, STERLING R, WANG L, et al.
Rehabilitation of wastewater collection and water
distribution systems ;state of technology review report[ R].
Washington D. C. : Environmental Protection Agency,2009.

[10] KABIR G, TESFAMARIAM S, FRANCISQUE A, et al.
. 72 .

(14

(-

]

(-

[

Evaluating risk of water mains failure using a Bayesian
belief network model[ J]. European Journal of Operational
Research,2015,240,220-234.

FARES H,ZAYED T. Hierarchical fuzzy expert system for
risk of failure of water mains [ J ]. Journal of Pipeline
Systems Engineering and Practice ,2010,1(1) ;53-62.
AR, BRI 5K d. JE T Android /K45 9 B 2 i
WA RGBT [T]. PP 24 (AR R
2020,36 (5):904-909. ( BAN Fuchen, GUO Zhitong,
ZHANG Jing. Design of mobile inspection system for water
supply pipeline network based on android[ J ]. Journal of
Shenyang Jianzhu University ( Natural Science ) ,2020,36
(5) :904-909. (in Chinese) )

trom, SRAEERK, 52, 55, B UK S 5= T AR R I
PERI O TS HERE [T ], IR 224412, 2020,40 (12)
42344239, (XU Qiang, ZHANG Jiaxin, WANG Ying, et
al. Research progress on water loss control of distribution
networks under smart water supply conditions [ J]. Acta
Scientiae Circumstantiae,2020,40 (12) :4234-4239. (in
Chinese) )

GAT Y L. Extending the Yule process to model recurrent
pipe failures in water supply networks[J]. Urban Water
Journal ,2014,11(8) :617-630.

LIU Z, KLEINER Y, RAJANI B, et al. Condition
assessment technologies for water transmission and
distribution ~ systems [ S ]. Washington D. C. .

Environmental Protection Agency,2012.
HALFAWY M R, BAKER S. GIS-based decision support
system for evaluating costs and benefits of sewer renewal
technologies [ C ]//International No-Dig Show Conference
Proceedings, Toronto: North American
Trenchless Technology Chicago 11.,2009.
RAJANI B, KLEINER Y. Comprehensive

Society  for

review of
structural deterioration of water mains; physically based
models[ J]. Urban Water Journal ,2001,3(3) :151-164.

KLEINER Y, RAJANI B. Comprehensive

review of
structural deterioration of water mains: statistical models
[J]. Urban Water Journal ,2001,3(3) :131-150.
TR, A/, BB A ST I A A KA )
ERREIR SR fR AR g 1 [ ) ]. 7K B B AR 97, 2021, 37
(6) :67-73. ( DING Xiangyi, SHI Xiaolin, LING Minhua,
et al. Selection of evaluation indicators for water supply
network health status based on factor analysis[ J]. Water
Resources Protection,2021,37(6) :67-73. (in Chinese) )
TR A S, A5 R B 2 R T A 4
Mot gk e [J]. KB A 4, 2017, 33 (5) ; 48-52.
(WANG Junling, XU Yi, HAN Wei, et al. Research
progress of non-revenue water and leakage control of urban
water supply system [ J ]. Water Resources Protection,
2017,33(5) :48-52. (iin Chinese) )

(ki H391:2021-02-23 G £75)



