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Abstract [ Objective] This paper aimes to investigate the mechanisms by which extraneous water intrusion and structural defects in
sewer networks constrain the operational efficiency of a wastewater treatment plant (WWTP) in southern China, specifically addressing
the long-term issue of low influent chemical oxygen demand ( COD) concentration, and to propose targeted mitigation strategies.
[ Methods] A combined approach of river level reduction and online water quality/flow monitoring was employed. Twenty-two online
monitoring points were set up along intercepting sewers and box culverts. By conducting dynamic river level control experiments and
analyzing the collected data, the characteristics of extraneous water intrusion were identified. Pipeline inspection and hydraulic analysis
were used to pinpoint backflow risk points and pipeline sedimentation issues. [ Results] A significant negative correlation existed
between the influent COD concentration of Phase II WWTP and the river level. Tracing identified 8 backflow risk points, with 2 points
below the normal water level (1.744 m) causing river water infiltration affecting 26 km of pipelines. This dilution effect reduced the
influent COD concentration by approximately 42% compared to the theoretical value. In the Phase I combined sewer box culvert, flow

velocity was slow (<0.2 m/s) , leading to sedimentation of over 50% of suspended solids. Combined with rainwater dilution during wet
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weather, this further decreased the COD concentration. High water levels in the sewer network caused frequent full-pipe flow in trunk
sewers upstream of pumping stations, exacerbating sedimentation and the decline in sewage concentration. Based on these findings,
hierarchical mitigation strategies were proposed: (1) Prioritize sealing the 2 critical normal-water-level backflow points, potentially
increasing influent COD by 30%-40%. (2) Implement sewer separation ( converting combined sewers to separate storm and sanitary
sewers) to reduce extraneous water mixing. (3) Establish an online monitoring-based early warning system for pipeline health,
enabling dynamic management of extraneous water intrusion. [ Conclusion] This paper provides a technical framework of "river level

reduction & monitoring-based traceability" for diagnosing and addressing the challenge of low wastewater concentration in the plain river

network areas of southern China, offering practical guidance for improving the investigation and management of river water infiltration in

urban sewer systems.
Keywords river water infiltration

level source tracing and pipeline inspection
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Fig. 3 Temporal Variation of COD at Z15 Sanda Road North during Water Level Reduction
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Fig. 4 Monitoring Imagery of River Channel Backflow Points
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Fig. 5 Spatial Distribution of River Water Backflow Risk Points in Interceptor Sewer Based on Monitoring Data
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TSR IK T I SR K e, W R B 43 3 il DX 3
W& COD BIfEH T AU X3k 20% £ 45, BER
A5 K e B S B B A ] DX KR AR
) DX 35 D DR 0 2 PR Sy A A A R T ki
KR R KA TS KICARERERE)R,
T FFAG, 757K P E . COD SRk JF——SS, fE i 4T
P E DU, XETURAE G A Y [
A SS B LN Bt 2 R BT K RIC A B A RS
B K R AR BT TS A K A, e
5 T AR Y I o S T S TR
B PE AT IE Bk W TS K 5 Pk iR, B
ZIE T TE KA BT HE K COD ¥R BE RN & YT 3 7K

JRAR 22 B IE O, BEAR THTE KR B, T 7E B b 51 E
HeF A AL b A /N XUESL A 0, 28 T L
R T SR Sk -k T - TR WIS 4
Ui, B0 DR TS ZK AE TR R AS B W 7K A B g K5 K SS
ANTER G IRERLR
REETHE KT Z KR BT BEARIIK A B 5
Wi, 2024 AF3% ) G475 36 AT I s 2 W TS
FEE R IV HE C A T R AR A I e S HE
IKBEEREIR . 2024 4F 10 H  HEHG IR EEA S iU ,
V5K T KB 2 T 450 mP/d(F£ 4),12 A COD
JEEHRE M 117. 4 mg/L $215 F 253.2 mg/L, H L
Bjj 13 K A AKHE A5 K R G, 38 TG K AL BT k7K

F4 IRKERFK ZHKBRKEXE
Tab.4 Comparison of Water Quality and Quantity in Phase Il of the WWTP after Remediation
B 2023 4F- BODs/ 2023 4 COD/ 2023 SF-Hy KB/ 2024 4F- BODs/ 2024 4E COD/ 2024 SEH K/
(mg- L") (mg- L") (m*-d™) (mg- L") (mg- L") (m*-d™)
1 H 56. 1 130.3 37 175.2 66. 1 150. 4 44 772. 6
2 1 65.8 144.2 39 153.6 54.4 130.7 42 776.3
3 A 71.4 165.0 45 579.4 58.0 142.1 46 242. 8
4 1 65.9 148.0 57 534.6 39.6 95.8 53290.3
51 52.6 112.7 50 520. 5 30.5 81.5 56 583.5
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(££5Rk4)

o 2023 4 BOD,/ 2023 4F COD/ 2023 FH7K i/ 2024 4 BOD,/ 2024 4F COD/ 2024 ¥k R/
(mg - L") (mg- L™ (m*-d™") (mg- L") (mg- L") (m*-d™)

6 H 35.2 85.2 58 386. 4 30. 8 83.2 55 756.0
7H 37.9 93.9 51321.7 73.7 185.7 47 897.2
8 A 46.6 109. 1 49 045.5 45.2 98.0 57 661. 1
9 H 29.4 71. 4 55284.6 52.0 122.0 58 909. 7
10 A 40.0 78. 4 37 638.9 63.9 159. 4 39 814.7
11 A 44.2 95.5 47 865.7 76. 1 182.7 33 880. 5
12 A 44.3 117. 4 39 241.9 95.3 253.2 35328.6

4 Zig 5%

1) R Y ) - T K A0 R S i U T S
JETn PR X5 7 3 K e R 0 ) A1 1 L v s )
Tt

RS 30 3k Y] 30 R 7K AN + 7K S 7K o £ i )
By 2 ASHES W 5 KT KRR R Y
B R T AKGE i 8 AN A RSB G HE B A
BT, TABESC R (2 HE AR B RE AR
WO ) TIF S, d5b b S {45 )5, A ABE 1R KA
B, i5K kK COD e B TE, A BT
) 117.4 mg/L (12 H ) KlE 48 & 236 25 1
253.2 mg/L, [FlAF H H0EK /0 A 80E R T 3
TR X BRI R Y AR

2) A A Y R G i S B0E KR
REEAR ) o — SR PR 2R T MR M) JIC 1) RRI T 0 D s
WF9E KB, — 1175 K ) IR 55 XA A o0 1) - A ) 7K
R O RESS 76 T 1 45 I RN R R 7K KR TR
ARG, X B K AR B KR B AN 5 5]
TE U VT e A B IR A, S5 8 L T TR Sk
(HEZK 27T ) 3 oK v ( T BOE ) ) 4 S A0 IS 1) T 95 4
TR ZR, A e MARAS b $2 T 15 7K W J3E 9 42 1 4 3
59,

3)“ T4 -FOR” PHF AR A0 iR AR =
JE S IHEK R G AR TS AR A AR, ABIESRE
BT SE B T 22 48 B b Iml v B A0 S 86 < 3l ok TR A e
(MR HE B ) MRSk EI R A1 K ;AP A
Tms oy X HEA RS WG IR ) 8 1 S iR BT s 45
B HARTBE (KT K e 2R Wi ) 52 B ) R5UKS v 12
Wr SRR AL, X — B T g — T AR HE
(R JRIBR , A A W R GERAG AL R Al A B ARt
T T B AR R S SE R
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