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Abstract; With the rapid development of the city, the scale of urban water supply pipe network is also

expanding, and its topological structure is becoming more and more complex, which adds difficulties to
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water supply security. Among them, the safety of water quality is most urgent. Therefore, a certain
number of water quality monitoring points need to be set up in the water supply pipe network. Aiming at
optimizing the layout of water quality monitoring sites for water distribution networks, the model was built
based on the single node water age method with the effects of other influencing factors on the water quality
of the pipeline network taken into consideration and the water supply pipe network of a city in the north as
experimental object. By the hydraulic simulation software, the node water age method was optimized, and
the optimized layout procedure of water quality monitoring points based on the multi-factor optimization
method was designed. The results showed that the location of the water quality monitoring points
calculated by the multi-factor water quality monitoring point optimization method based on the hydraulic
model is 43.75% coincident with their actual location, not only covering the key water quality monitoring
sites of the conventional pipe network in operational water plants and pressurized pump stations but also
adding some monitoring points to the water supply demarcation line, pipe network, and pipe network
terminal. And the early-warning time for pollution accidents was shorter than that before optimization. In
conclusion, using this method to analyze the conditions of the water supply pipe network can provide a
better implementation plan for optimizing the layout of the water quality monitoring points.

Keywords: water supply network; hydraulic model; water quality monitoring point; multi-factor

optimization method
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Table 1 Actual water quality monitoring points

4 B D X Y RAELRR W 24
1 127924 65 673.28 50 384.10 TE 2 W i R
2 37432 55 734.73 51 435.78 2R W T v
3 20847 51 836.75 47 386.31 TEL W) JinE
4 37433 59 167.32 49 450.46 TELR W T
5 20808 45 960.17 A7 680.45 TELR W) JinE o
6 8036 54 417.16 48 628.90 TEL W D i
7 8043 48 951.58 41 837.45 TELZ W D o
8 8044 49 564.88 46 705.60 TELZ W D T
9 37943 55 202.46 49 727.05 TE 2R W Jin R
10 20800 52 463.98 53 739.10 128 W i I v
11 18761 45 969.40 51 867.75 TE 2 W i Jin R
12 20390 48 747.83 45 625.58 2R W i v
13 20833 43 766.85 43 637.79 TEL W) Jin A
14 20845 46 399.88 43 720.66 TEL W Jin R
15 43558 53 281.48 46 747.92 TEL W i
16 90874 43 699.36 49 448.29 TELR W i
17 123725 46 332.27 45 849.20 TELZR W D o
18 137659 52 461.13 49 862.34 TELZR W D T
19 11691 50 304.69 44 639.93 TE 2R Wi JER/NX
20 15178 46 394.61 48 056.19 TE 2R W JE RN X
21 19969 47 923.19 52 317.99 1028 W Ja RN X
22 23652 59 717.69 52 331.50 2R W J& RN X
23 29343 55 788.00 51 142.07 LW J& RN X
24 11543 49 991.81 49 349.14 TEZR W I Y
25 20377 47 779.64 53 131.23 TE 2 W I WY
26 22620 60 571.46 50 120.77 TEZ NI Y
27 41875 44 530.81 51 634.45 TEL W WY
28 8045 42 936.74 53 453.18 TELZR W D KT~
29 90876 38 315.03 47 314.52 TELZ W D K™
30 134925 62 668.97 58 202.19 TE 2R W K™
31 135746 56 026.84 54 686.77 2R W K™

32 137559 48 273.19 40 258.67 TEZ6 KT~
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Table 2 Water quality monitoring points by optimization

4 D X Y AR W 24 A
1 127924 65 673.28 50 384.10 TE 28 Wi K2F
2 14413 48 775.70 44 249.98 TE 26 W ) B R A
3 19120 45 227.60 53 335.00 TE 2R W A A
4 20141 50 468.91 45 124.34 TELR W) RN
5 20531 50 093.51 43 916.05 2R W & R A
6 39492 44 274.72 48 561.10 A5 28 Wi B0 A Y
7 8602 52 818.22 47 758.85 TE 2 W I B
8 10919 51 393.68 47 420.57 2R W G
9 14851 41 900.94 49 348.49 TE4 W G
10 14941 43 720.6 51 826.95 TEL W) B
11 15152 43 502.24 49 047.29 TE 2R W LS
12 18797 45 515.76 53 131.50 TELR W G
13 19476 46 555.89 54 483.70 T £k W ) B
14 24960 50 406.56 52 413.59 A 28 Wi & R
15 27586 55 224.03 50 352.53 LR W B
16 33627 39 097.99 44 802.64 2R W B
17 34971 49 916.81 41 577.93 TE4 W G
18 43548 46 119.35 48 722.31 TEL W B
19 44229 41 547.46 48 595.09 FEZR W A v
20 90874 43 699.36 49 448.29 TELR W i
21 20847 51 836.75 47 386.31 2R W Jin R i
22 20833 43 766.85 43 637.79 TELZ W D Jin R
23 20808 45 960.17 47 680.45 TELR W Jin R
24 37432 55 734.73 51 435.78 TE 26 W i Jin R
25 37433 59 167.32 49 450.46 TELR W D JinE
26 37943 55 202.46 49 727.05 TEL W Jin R
27 20800 52 463.98 53 739.10 128 Wi Jin R
28 20845 46 399.88 43 720.66 TELR WE ) i
29 11691 50 304.69 44 639.93 LW JE RN X
30 23652 59 717.69 52 331.50 TE 2R Wi JER/NX
31 41875 44 530.81 51 634.45 A 2% W I Y

32 90876 38 315.03 47 314.52 TE 28 W K™
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Fig. 2 Distribution of water quality monitoring points for water supply network
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Table 3 The earliest monitoring time for different monitoring points in different scenarios

: P S P T I A T A
EX1VE 8 O N . N .
ST RIE VA T P I 8] /s T D 7 e P B[] /s

19291 90875 1 334.97 19120 282.99
15678 90874 940.41 15152 653.27
39026 1219 565.11 24960 1579.25
12836 90917 533.92 34971 405.52
9087 43558 1077.96 8602 544.90
19034 11431 1185.40 24960 1117.22
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Fig. 3 The earliest monitoring time for different monitoring points in different scenarios
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