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Abstract [ Objective] To systematically investigate the causes of abnormally low 5-day biochemical oxygen demand( BOD;) mass
concentration in the wet-season influent at the Luofang Water Purification Plant in Shenzhen, and to clarify the spatiotemporal
characteristics and zonal differences of extraneous water infiltration, thereby providing a scientific basis and technical pathway for
refined management of urban sewage systems and resilience enhancement of water purification plants. [ Methods] Based on long-term
series data of influent flow and pollutant mass concentrations, this paper comprehensively applies methods including correlation analysis
between water quality and quantity, tracing and investigation of extraneous water sources, and identification of zonal characteristics.
Time series analysis was used to quantify the differences in influent quality between wet and dry seasons; field investigations and data
collection were combined to trace the pathways of extraneous water infiltration and identify its characteristics in different zones.
[ Results] During continuous heavy rainfall in the wet season, the proportion of extraneous water infiltration exceeded 50% , resulting
in a minimum influent BOD; mass concentration of 29. 50 mg/L, which significantly deviated from normal levels. The causes of
extraneous water infiltration exhibited notable diversity and spatial heterogeneity, with main pathways including direct intrusion of

mountain water, backflow from riverside interception culverts, and cross-connections between stormwater and sewage pipelines.
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Moreover, significant differences were observed in the intensity and dominant mechanisms of infiltration across different zones.

[ Conclusion |

Extraneous water infiltration is the core factor leading to abnormal influent concentration, and zoning management

strategies can effectively reduce the shock load from extraneous water and enhance system operational stability. The findings provide a

replicable technical paradigm for controlling extraneous water infiltration in similar urban sewage systems, contributing to the resilient

operation and long-term management of water purification plants.
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Fig. 1
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Wastewater Collection System in the Service Area of Luofang WWTP

R1 2024 FENJKEFKBIFR
Tab. 1 Influent Flow Rate and Water Quality in 2024

i BOD, H V-3 i/ ATk E, BOD; AR ik i/ MHAT KR/ A i e
. (mg-L™) (m’+d™") (mg-L™") (m*-d™") B H
1A 160. 36 21.61 7 107. 00 21.39J7 2024-01-07
2 H 152. 11 18.82 77 101. 00 18.24 J7 2024-02-17
3 A 179.71 22,177 123. 00 20. 86 J7 2024-03-02
4 A 128. 85 26.91 71 59. 50 32.52 05 2024-04-27
5H 111.98 28.79 J7 48.10 33.30 J7 2024-05-06
6 H 119.37 30.85 97 54.00 37.21 77 2024-06-15
7H 143. 16 29.89 7 79. 00 36.45 77 2024-07-28
8 A 106. 33 29.85 77 57.20 35.79 J7 2024-08-19
9 H 82.56 31.33 77 29. 50 36.95 J7 2024-09-07
104 115.42 25.56 J7 88. 00 26. 06 J7 2024-10-18
1A 125. 54 26.97 1 73.30 33.33 7 2024-11-20
12 A 152. 06 24,6377 125. 00 23.50 J7 2024-12-19
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Fig.2 Variations of Influent Flow and BOD; at Luofang WWTP in 2024
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Tab.2 Calculation of External Water Infiltration Flow

i ?i:ﬁ%i fﬁ?i%? Gl
1A 21.61 )7 4.17 97 19.30%
2A 18.82 77 4.22 77 22.42%
3A 22,1777 0.93 77 4.19%
4 A 26.91 77 7.06 J7 26.24%
5AH 28.79 77 10.97 J7 38.10%
6 A 30.85 71 10.61 J7 34.39%
;| 29.89 Jj 7.48 97 25.03%
8 H 29.85 Ff 13.07 J7 43.79%
9A 31.33 71 16.81 71 53.65%
10 A 25.56 J7 12.20 77 47.73%
1A 26.97 7 8.58 Jj 31.81%
12 A 24.63 J7 5.27 77 21. 40%
B2y 29.38 7 11.86 J7 40. 45%
Mz 23.52 77 5.04 Ji 20. 89%
FHIE 26.45 J7 8.45J7 30.67%
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Fig.3  Schematic Diagram of the Collective Area of Luofang WWTP
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Tab.3 Collective Area of Luofang WWTP
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Fig. 4 Implementation Scope of Four Batches of the “Zhengben Qingyuan” Project
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Fig. 5 Pathways of Sewage Entering the WWTP before and after the “Zhengben Qingyuan” Project
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Tab.4 Influent Flow and Water Quality at Luofang WWTP in 2023

i itat Bt AJTKE/ (m?d™h) MEKE/ (m?-d7h) At BODs AV FRmHkE/ (mg-L7")
2023 4 1 A 15.92 75 4.61 7 28.96% 131.08
202342 A 21.61 7 1.99 J7 9.21% 172. 82
2023 4£3 A 24.39 7 3.80 7 15.58% 162. 39
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2023455 H 26.85J7 6.44 J7 23.99% 143. 48
202346 H 33.20 Ji 13.77 1 41.48% 123. 40
2023 4E7 13 32.49 Jj 14. 1177 43.43% 113.17
2023 4E 8 A 32.2577 16.76 J7 51.97% 92. 84
2023 4E 9 H 37.5771 20.23 77 53.85% 82.73
2023 4 10 1 31.79 J3 12.60 J3 39. 64% 113.39
2023 4 11 A 25.50 J7 9.49 Jj 37.22% 119.73
2023 4E 12 H 23.58 77 7.74 73 32.82% 124. 45
WPy 32.36 J7 13.98 J7 42.39% 111. 50
iz -4 22.62 7 5.4177 23.89% 143.63
AR 27.49 J7 9.70 Ji 33.14% 127.57
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