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Optimization of Pipelines Midpoint Chlorination in Water Supply Distribution Networks

Based on Water Age of Pipelines Nodes
HOU Yukun, ZHAO Shuo” , FENG Yuguan

(School of Environmental and Municipal Engineering, North China University of Water Resources and Electric Power, Zhengzhou

450046, China)

Abstract Water age of pipelines node is considered as one of the crucial parameters for evaluating water quality in water supply
distribution networks, closely correlated with the residual chlorine concentration. Maintaining the safety of drinking water quality
throughout the extended process of water transmission in the pipeline poses a significant challenge. Leveraging the relationship between
water age of pipelines node and residual chlorine concentration, a topological sorting algorithm based on breadth-first search is
employed to calculate the water age of pipelines node. It was proposed and constructed an effective matrix for water age of pipelines
node, integrating a genetic algorithm to optimize the model for midpoint chlorination addition locations and chlorine dosage. The
optimized model was applied to real-world pipeline scenarios, subjected to both single-moment static simulations and multi-moment
dynamic delay simulations. The results demonstrated that the optimization of midpoint chlorine addition in water supply networks based
on water age of pipelines node reduced the required chlorine dosage at individual nodes, resulting in a more uniform distribution of
residual chlorine concentration. This approach provides practical guidance for the water quality optimization of water supply networks.
Keywords water supply distribution network ~ water age of pipelines node midpoint chlorination genetic algorithm topological
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Fig. 1 Layout Plan of Distribution Network

&1 EPANET KJJBURILE 31 h 015 /K B
Tab.1 Node Water Consumption Data of EPANET
Hydraulic Model at 31 h
WSS KR/ (LesTh)  WESS KR/ (LT
1 - 19 0. 542
2 0. 867 20 2.059
3 1.517 21 1.734
4 0. 867 22 1. 084
5 0. 867 23 0. 867
6 0.542 24 1.192
7 0.433 25 0. 650

8 0.975 26 -

9 1.517 27 0. 867
10 0. 542 28 0. 000
11 3.769 29 0.759
12 1.734 30 0. 325
13 0.217 31 1. 842
14 0.217 32 1. 842
15 0.217 33 0.163
16 2.167 34 0.163
17 2.167 35 0. 000
18 2.167 36 0.108

Fz2 EPANET KJIBERITE 31 h (94 Bk ) #cdle
Tab.2 Pipelines Section Hydraulic Data of EPANET

Hydraulic Model at 31 h

) R R WK, BB WE/ iie%:%4
RED=Y R m mm (L-s™")  (m-s™)

1 1 2 744 300 19.71 0.28
2 2 5 248 300 15.36 0.22
3 2 3 403 200 3.48 0.11
4 3 4 372 200 1.96 0. 06
5 4 5 310 300 1.09 0.02
6 5 6 372 300 15.58 0.22
7 6 7 837 300 15.04 0.21
8 7 8 372 200 1.52 0.05
32 27 29 124 200 1.19 0.04
34 29 28 217 100 0.19 0.02
35 22 33 310 100 0.33 0.04
36 33 34 124 100 0. 16 0.02
37 19 32 155 200 1.24 0. 04
38 29 35 155 100 0.25 0.03
39 35 30 310 100 0.33 0.04
40 28 35 217 100 0. 08 0.01
41 28 36 93 100 0.11 0.01
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B2 skl AUl R SRR 2 R R

Fig.2 Iteration Process of Genetic Algorithm and Results of Model Solution

B3 31 h LA e A R R Sk A

Fig. 3  Distribution of Residual Chlorine Concentrations in the Network before and after Optimization at 31 h
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B4 AR RARE

Fig.4 Residual Chlorine Concentrations at Each Nodes
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Tab.3  Chlorine Dosage at Each Chlorination Point under Different Working Conditions
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Fig.5 Distribution of Residual Chlorine Concentrations in Network before and after Optimization at 22 h
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Fig. 6 Distribution of Residual Chlorine Concentrations in Network before and after Optimization at 27 h
TE 42 h, Ryl hb T s AR, K IEAE T AR @ n & Iu A, 8 b BB AR G 1 TR 7 T
A E MR IR FUKIEIERMOK . A2 T ™ 20 A5 26 BN LR R AR W,
B ETE T 1A 26 RIS NG &% 7 s A5 IE/K I SN 7E 0 s s BT iy 4%

B 7 42 h AT S A R A

Fig. 7 Distribution of Residual Chlorine Concentrations in Network before and after Optimization at 42 h
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