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Abstract [ Objective] To achieve leakage reduction and control in urban water supply networks, it is necessary to construct a safe
and reliable water supply system. The risk assessment of pipe failure can predict high-risk pipes in advance, forming the basis for
ensuring the long-term stable operation of water supply networks. [ Methods] Taking S City’s water supply network as the research
object, Logistic regression was used, with pipe material, diameter, age, operating pressure, burial depth, and road grade as evaluation
factors for failure probability assessment. Based on the result of the hydraulic model simulation, the water supply shortage rate was used
as an evaluation factor for failure consequence assessment. A failure risk index was proposed, multiplying the failure probability value
with the consequence value to obtain the risk assessment result of pipe failure. With the minimum failure risk index as the optimization

goal and six equations or equation groups ( including pump station power consumption cost) as constraints, a network optimization
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scheduling model was constructed, and the optimal pump scheduling plan for S City was obtained using a genetic algorithm program.
[ Results |

consequence, 0.42% were a high probability-low consequence, and 0.32% were a low probability-high consequence. After

The proportion of high failure risk pipelines in S City was 1.12%, of which 0.38% were a high probaility-high

optimization scheduling, the total failure risk value of the water network in S City decreased from 12.601 to 11.739, with a
approximately reduction of 6. 84%. [ Conclusion] Using the failure risk assessment model can screen out some abnormal pipes with
high probability-low consequence and low probability-high consequence, further narrowing the scope of abnormal pipes, optimizing the
decision-making for pipeline renewal and reconstruction by the water supply company, and saving the cost of pipe renewal and
reconstruction. Optimization scheduling with the minimum failure risk index as the optimization goal not only effectively reduces the
failure risk of the network, improves the safety of the water supply, but also maximizes the economic benefits of the water supply
companies while ensuring the comfort of users” water use.

Keywords urban water supply pipelines network  failure risk evaluation — optimized controling
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Fig.2 Topology of Water Supply Pipelines Network in S City
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Tab. 1 Water Pump Configuration of Various WTPs in S City
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T# RDL500-640B 2 500 28
R-2 8# RDL500-640A1 3 000 24
o# RDL500-640A1 2 800 42
104 OMEGA350-510A 1 440 24
11# OMEGA350-510A 1787 24
R-3 12# 13# 144 15# 16# 800S-40 5370 39
17# 184 24SA-10A 2 700 25
R-4 19# 20# 21# 500S-35A 1 800 28
22# 23# OMEGA250-370B 860 28
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Tab.2 Assignment of Failure Probability Evaluation Factors
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Tab.4 Pipe Diameter Coding
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Gail

D, D, D, D,

1 1 0 0 0
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SN o3 T A

M PE 1
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RIGIHRE LM (UPVC) 3

kil 4

AT IR+ 5

BRER G 6

S 7
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FTIE 3
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Tab.3 Pipe Material Coding
il i

M, M, M, M, M, M,
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4 0 0 0 1 0 0
5 0 0 0 0 1 0
6 0 0 0 0 0 1
7 0 0 0 0 0 0
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Tab. 5 Distribution of Weights for Each Factor and
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Fig. 3 ROC Curve for Failure Probability Evaluation Model
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Tab. 6 Classification of Water Supply Pipelines in S City

PA{A C<2% C>2%
P<0.5 86. 68% 1. 10%
P>0.5 11. 84% 0.38%
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Tab.7 Operation Plan of Pump Groups before and after Controling Optimization

Hif B K45 K i A ERIKE BT A8 & AR E /KB 68 G
0 if—6 fif R-1 14 24 34 4# 5# 6# 2 2
TH# 1 1
R-2 8i# 1 1
o# 0 0
104 0 0
11# 0 0
R-3 12# 13% 144 15# 164 3 3
17#.18# 0 0
R-4 19# 208 21# 0 0
224 23# 1 1
6 iF—12 i R-1 1# 24 3# 4# S5# 6# 6 6
T# 1 1
R-2 8 1 0
9# 1 0
10# 1 1
114 1 1
R-3 12# . 13# 144 15# 164 4 3
17# 18# 2 2
R-4 19# 20# 21# 3 3
224 23# 2 0
12 i —18 i} R-1 14 24 3# 4# 5# 6# 6 6
T# 1 1
R-2 8 1 1
o# 1 1
104 1 0
11# 1 0
R-3 12# 134 14# 15# 16# 4 4
17#.18# 2 0
R-4 19# 204 21# 3 3
224 23# 2 2
18 Aif—k H 0 Aif R-1 14 2# 3# 4# S# 6# 6 5
T# 1 1
R-2 8i# 1 1
o# 1 1
10# 1 0
114 1 0
R-3 12# 13# 14# 15# 16# 4 4
17#.18# 2 0
R-4 194 204 21# 3 3
20# 23# 2 2
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Fig.5 Changes of High Failure Risk Pipes before
and after Optimized Controling
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