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Optimization of water supply network PMA partition by graph theory

GAOQ Jinliang, YAO Fang, YE Jian

(School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: The water supply pipe network pressure management area (PMA) partition, which is pressure-control
oriented and regional metrology considered, effectively controls the leakage rate of urban water supply network.
PMA partition with graph theory is proposed in this study. First of all, to initially partition the water supply network
and set the partition number with adaptive AP clustering algorithm and economic calculation. Secondly, Dijkstra
algorithm is adopted to calculate the shortest path of each cluster center point to the source of the water and
determine the position of each division of the water supply pipe, and then establish a partition boundary optimization
model and apply simulated annealing algorithm to solve the model. Finally, combine some partitions properly with
artificial expertise and form the final plan. This partition, computer algorithm oriented and combined with artificial
expertise, embraces larger search space than the traditional artificial partition of trial and error and can guide the
actual water supply network PMA partition.
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Fig.1 Relationship between partition number and investment benefit
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|
|
PMA1 I | i
LY HmEAIf

OJo

PMA3 PMA4
3 SREEEHTE

Fig.3 Partition horizontal merger diagram
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Fig.6 Result of economics combined with AP clustering algorithm
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Fig.7 Preliminary partition result
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Tab.1  Shortest path from clustering center to the two water source

BN K B K IR

Kas VRS

Fi AR K BE/m S A BE/m
1 2 571 4.299 654 7.738 481
2 7 591 4.392 645 7.831 472
3 8 603 9.229 041 10.973 990
4 8 777 5.570 809 9.009 635
5 12 491 2.483 682 5.922 509
6 20 355 4.920 983 8.359 809
7 21 462 2.203 216 5.657 158
8 25 889 1.458 040 4.887 281
9 26 258 2.011 419 3.670 348
10 26 366 3.083 273 4.828 222
11 31 898 5.205 412 8.644 238
12 32102 7.927 301 11.366 130
13 41 126 5.415 440 8.856 311
14 41 286 3.085 164 6.523 990
15 41 360 0.926 913 2.978 746
16 41 699 7.010 608 10.449 430
17 41 773 12.434 510 15.873 340
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Tab.2  Number of connected pipes in regions

P 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 0 0 0 4 2 2 9 0 0 0 0 0 13 13 0 1 0
2 0 0 0 0 5 2 0 4 0 0 9 7 0 0 0 1 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
4 4 0 0 0 0 5 0 0 0 0 0 0 0 0 0 4 0
5 2 5 0 0 0 4 2 7 0 0 0 2 0 23 0 0 0
6 2 2 0 5 4 0 0 0 0 0 1 0 0 0 0 23 5
7 9 0 0 0 2 0 0 7 2 0 0 0 17 9 0 0 0
8 0 4 0 0 7 0 7 0 0 4 0 6 0 2 1 0 0
9 0 0 0 0 0 0 2 0 0 0 0 0 2 0 1 0 0
10 0 0 0 0 0 0 0 4 0 0 0 0 0 0 9 0 3
11 0 9 0 0 0 1 0 0 0 0 0 9 0 0 1 2 2
12 0 7 0 0 2 0 0 6 0 0 9 0 0 0 0 0 8
13 13 0 0 0 0 0 17 0 2 0 0 0 0 2 0 0 0
14 13 0 0 0 23 0 9 2 0 0 0 0 2 0 0 0 0
15 0 0 1 0 0 0 0 1 1 9 1 0 0 0 0 0 0
16 1 1 0 4 0 23 0 0 0 0 2 0 0 0 0 0 4
17 0 0 0 0 0 5 0 0 0 3 2 8 0 0 0 4 0
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Fig.8 Topology structure of the shortest paths
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Tab.3  Statistical average pressure of each partition

% g A RN
G ¥ /m o Kk /m
1 25.82 0.26 22.90
2 27.90 0.38 23.55
3 25.12 0.35 21.96
4 26.91 0.17 23.16
5 26.63 0.21 22.97
6 26.09 0.33 22.49
7 26.27 0.29 22.80
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