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SE KT KPR, Hoh 8—9 H BURRRERAR . BIA 3 AL (P1~P3) WA SFERT HEIEANDE, FERT 4
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WHIBA TSR ZS AT . S0 LIRIANE, ABFFE s Rust Pl KRB K WAL #ERA
AT, GEK BRI ZS AR PO, S8R AR R 0 B S AR, Z [Tk, IR DX A 2Rl 1L R il
KRR, FEEHME B KUK E RS, BRSBTS RGeS
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1.1 SRR

AR5 X3 A [ R A — ST Do X/ VB, BT 76.1 km?, Herp oK AR 5 L 5.6%, T
WA, ZHUIMGEE, HIPPRRE 2.0~3.0 m, MU FROZESE, EEANARIEESS ., WA, ZXEET
MR ZE RIS, AEREIEZY 1250 mm, FEREEAE 4—9 H, FEE 520 70% Vi L.

TEHEK RS, ZHER T HEK R4, 15KEMEKIE 68.4 km, HP—Z8 M EHAE 500~
800 mm, ZE M EAE 300~400 mm. EFHIG A TAER 3 BE—ZER e mARIH : Fedbinhiy P1 2R,
VAL EERE S0 8 000 m?-d ™!, FEE G TFHAEHL Tl X Ag K, PURAEIL R G X 5 AS/NX N2
0.9x10* FA N ORGSR P2 283, WM HEEE SN 10 000 m*-d™", FEAZANEE PR 2 X N
2.6x10* FAE N DAY ARG IS K, IRk | il P1 RSB T57K s P3 i, HAEFERE S A 10 000
m’-d™, BRI, RN R I R 2 AMRTE 2 0.8x10% HAE A AETETS K, LIACEA
UiF P2 BRI ZT5 K, A RBEHEA FUEE W, A ErE B 15 km AMOTSKANER AT, — R0k
P1~P3 FPe4s T K ERNRAEL WA, P3 ZRulid i T ib 7% & (COD ) fEE MM & . Frfa iI7E
LB S KB 5 0 HEKE ™ E IR e AR it

TEHEZEY, 2 3 SRR 5K B R B A, FRE, V5K g, SRukisK e
HRIEIE— P RAG, SZUEm, R AR B K B ES, RSV /K HEA TS GE, Ak
TEKFAREEAL, A5 KB RUK IR TAERRH R T IR kiR .
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B, SRR R GUET PR EERRIC AL OFEPR Y, SR, AW AEERICER B PR : T
i P1~P3 AR s MRIFAR I TRcHE, 8B 5 3CPRIE B2 [BAFE B B 25 5, BRIMGR BeR 0 1 1y
SR B TCE N TR TR . s, SRR L K COD B SR W IESH 7T D > bk 55
BIP-5 LR, o, 055 P1~P3 B9 A T o pp il —k, fiZEah P3 1Y COD fE4AF 15 Zrah il —
W, XEEEIREEE S H B TIREe 0. 0% il B v il R S s, SR T AR Sk iR
S, e s A TR A

FrPRAZEEHE K B S AOK BAE L, % P3 ZEEETE 2022 4E 1 F 1 H—2023 4F 12 H 31 H COD {H& 728
FETESHAT T 00T AN, R T PN A A X e A 1 B DL S e RT5 K B XU, W& T PL, P2 ANl
P3 ZEUhTE 2023 AR AR A EE, IFIRATEL 1N A58 B SE A R R = A o A AR S

WERISREE R R 0 27% (MoK E254% ) (GB/T 28592-2012) . AR¥ZbrifE, HIERIR 0.1~9.9 mm
/NG, 10.0~24.9 mm AHHH, 25.0~49.9 mm AR, =50 mm WJgEF ., 2023 AEAREMEEEA IR T 2T
EATRERNE LR, 5T, 249N 738, T 24, K23 (4 4. 6 A% 1) , Blk
DILSREERIREN 33 (4 . S AL 9 A% 1) o ETHIAVNIARERISIRE S, AR A DL LR )
FERRIABRARXT R, A T $Em AT MR I AT R XS e 25 R T, bR A s S B e
wilt— MR 7 A5G 0 (BIRER ) . 0.1~4.9, 5.0~9.9, 10.0~14.9, 15.0~19.9. 20.0~24.9 mm, LA
N=25.0 mm ( BRI XL PSR )
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Fig. 1 Study area and monitoring points configuration

W H A IRIER R ( HREW RN 0) AR KA H SR A, 1456 b IRl i e o
50T, TR A AR 45 X IR 5 A AR AR ARAB DL . AR, FE P2 FEli IX Sk 28 s Toiis:
W22 T AU RUE PNV EOK S RHEAT BR A T A2 77 TWR BRI, %A FIRELL 15 min HRZESE
AR R, SCP TR SR A L shASIED . Segeiie], Heot T 5 WEmEE, HEEWEN
4.8~38.8 mm,

TE ik 4 AVEMIs, T8 H 5 H, 12 H. 19 HFI 26 HArHERE TR KEE, FHXFX K EEFEST
COD. ZA. BA (TN) FLass (TP) 4 BUKBHRFRIKENS 04T, [FET, MBIFFEIX S8 S 2508 DL HE
KPS CURAE TOKEE, RIREUEST T b PUITUK BAS FRAGRIN , B 78 T AR X IR /K 541575
IR BORGL . FEVEAT AR AT, SR T DR RAE W0 25 SR A B A ST S5 (A AR 45 W) o5 %) 7 B I Ve
B REMCREE . PRAFAIIRATEIE CIORBEK WA e (SREDURR, BN ) UE7 o

IS RIR, FEul P1~P2 MR A AETG /K INGR [FIASE,  5sty P2~P3 (A INIAFAEANK ARG . Akt I
I ) R BESEAT W AT, FESE VN PI~P2 Y TAFBOE R T 2 MR I iy (X2-1, X2-2) , 7
2024 4 9 H 1—7 HSZRHEIN T FOEAROIESE, WS AR; RN, 7RSI P2~P3 (Y ETE
B T 3 KBTI A, (X3-1, X3-2, X3-3) , T 9 H 2 HF1 5 HUE 7R RAE, 238 17 COD fHL
ZA. TN I TP BreEikE, LU RER/K i o4s . A JEREm
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14 SKBEEERTE
15 KR RAE R — TR bR, XTIl R X3 N 15 K IR RS ia T Tk RE 5 PR s B
SISO ARBSEBEE P1, P2, P3 i RSS ISAEIARA T, R (1) RS SRl
gy, R Ti5KIER,
R= 0, xC,
O x G
R R HIGHKIRER, %; O, NERNGAKIESR, m*d"'; C, NEPRISEYIFRWRE, mgL'; O NS
Tk, m*d'y C s lSkIis RS, mgL ',
0,5 C, Wi TREEHERIET 1.3 1A a4 Wl 25 X1, X2 F1 X3 7E 2024 4F 8 H Frid sk H 357K
AR B KT EK B IEE SR . O, BT A 35 A ok b &5 20 IR 55 XA R AN (P Py
P, i35 0.9, 3.5, 4.3x10* ) DUSCYHK BEIR AR T AR ABZEE AT KR (230 Ld ™) , JIF
KHT 0.8 fEAMITG R, C IWBELi G525 3G, G AN 2 HEK P Ak 7K R 512
PRl bR, 2t COD 24 260 mg-L™', & &M 48.0 mg L', TN Jy 58.0 mg L', TP # 5.8 mg- L™ 1
A
1.5 ANRNEEEMN
HMRIKATRAB 8 15K AR, SRR K e R I TR RS W Vs K B iR B, 7
E AT, TRE SR EURER XA A IS Y iR 2 i e A RA B R, T LA RGeS A X
R A IO T 82, SR, X IRAE R RN BRI 285 ISR MoK IS, B ARSI S TA,
BOREMERT, R, AP R RAK SR SR AT R R AR, Ry T IHBREER K
Fnrsgm, HEGR T REKFER SR KBS 48 h I K S, (CKsc bt B2 SNREERR R A 3K
BHEP, LA 1.3 TR LI, X1-1, X1, X2 1 X3 K1, R COD, &%, TN Al TP X PU/i¢
L YEh ORI TR, RYE (2) A1l (3) W 0, F O, 1A

x 100% (D

7kﬁiizﬁfﬁi% : Qm+l Cm+l = chw + QuCu + szCm (2)
7J<%S|Z‘@Tjj‘*% Ot = Qw + Qu +2Z0. (3)

A 9, Q. RN m IR S m+l (IR RN, m’d; C, il C,., BT s m S
TUE R m 1 B RREK ISR R, mg L' O, WFRRIT A m 5 m+1 ZIA RS XI5 7K 00
i, md'; C, WA KK bR Bk, mg L™ O, WFERITHAT R m 5 m+1 Z[AlR55 X
sk, mhd'; C, MAMRKAK BHEP R iR E, mg L.

Q. Al Q,, R H 2024 47 8 H i3 #F 4 Wi ZR 8 i 5% 19 2 K i B H 95 K & 4dis ; ¢, fil C, R H
2024 4F 8 A N T RIMK B . C, KA 2024 4 8 H Oy X5 X sl 18 Rl i - 47K gt . €, B
{7 1.4 75, COD., &% . TN Hl TP 3% 260, 48.0. 58.0 F15.8 mgL ',
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2.1 2ETKBIRRERED

P3 R E R BRI SRR AL, HoK i FoK B RENS 421 R BB 5 /K IE R Ge s iRz IR
. B2 IR T 2022—2023 4F P3 £yl COD fHAYE H AR LK. 2022 45, P3 ki) COD A F3{E N
158 mg-L ™', X—HUEM BAR%. FrAEre 4 AZE 9 AMZIE, CODHE5S5ZE (10 ARRE3 A) 1
SEREARLL, FRET 29.3%. o, 8 A9 AR ERAR, XA H A AR (86+
41) mg'L™'. MHILZ T, 2023 4£#) COD fHAFFHME L& 195 mg L' {H I 2=t & ik B ) 3 B 2= 1%
20.1%, H 8 A9 B EMIR BEMIL (154+56) mg' L', KARPF %2 5 SHELTON 5% (5%
W, WZE COD fHE MRS, X —IGAA FTRESE HH T I ZREE [ LA E UK 6 7, 3
RSNV ATTRKE T R 2023 AR TEWRERTE, [HFE B aEs:, BRI
[ AT T 79.1% (M 86 mg- L™ JFE 154 mg-L™") , St MBIl s K IR B8N A T2

MR AR ) R 44 U ok KT 3 204 8835 K T B RBTSE SR, 2 XK a5 K T #EK B9 cOD SE I {E K
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Fig. 2 Monthly variation of COD at pumping station P3

260 mg'L™' ENPLRAER H8H, V57K #EK COD {EIRALH) EERPUEE M P AEAEmIK . M F/KSEIMKEIA
MAB . S8 CHLAE BTG KA PRI BT 3 af58h % (2019—2021) ) EER, 57K 3K
BOD, Jii it it FE 75 iA 2 88 ik 100 mg' L', #ULHEH , COD Y H b {E N AL T 200 mg L™ ( #F
BOD./COD A Jy 0553 fofis ) o Mt al UL ER, 289K COD 4R RE A RIS T5 K
IEFEAKE, FRalEre 8 AR 9 H, Hizk COD {EMAK, FIZBRITE /KA M ATREFEAEIMK AR IS, X
PR AEAE AL B ) 25 A g b DX R i A

22 FERLHRAMBRRT 0 mm T7A0.1~4.9 mm FZ7)5.0~9.9 mm 10.0~14.9 mm
P1. P2, P3 ﬁjﬁﬁ 2023 iﬁj([ﬁ”{%ﬂj%ﬁ:}* 15.0~19.9 mm RN 20.0~24.9 mm E =25 mm

(B SRR AL A AL L AN 3 B . fERR 4% or

fFF . P P2 P3 A b 4 A 4 1 4k 4 7 2 . > 788

132, 126 A1 0.88 m, Hir' P1 A P2 SEH AT L NSE N
o U - 15F N, NN N

W T P3 AL, ATEINT AR A R 3 ol % . % .- .

BEFHAL S RO T T BRI 2 = of L N |

ML F 0.1~4.9 mm B, P1, P2, P3N P = L) . \

SN 0.262, 0.490. 0.621, FEHAHMNIHFEK o5k .

A B 225 SR S 5.0 mm, 1ok

S P HEUNT 0001, WRTSRRMOEIER s T

W EZES, HARWRTHIG A 2 2 LT 20k .

oo JUHORALERET BB 200 mm 5, P1, 25 55 T P

P2 F1 P3 ZE 3 B AL A 3 S A 5 R WA BT T
0.65. 0.6 1.03 m, KB THEE, 290 g
7HNLOS m, S AL o M3 R TR
1.97. 1.93 Fl 1.91 m. M5, WALET PR, A - o -
B i ig. 3 Pump station liquid level variations
PG R AR NIRRT T under different rainfall events

T * R P<0.05, R 5 RRMALATAE B E R
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ek I, BTRE. X —HRERY], —HRRAASX—Im AR, B HAEBERE ) A5 /K AT RE 2o i
MR TURAEHEAINEKAR, N TTE— RS XU o

5 P1 A P2 ZEuARLL, R4S P3 SRR R AR A B AR ER e, (BB AS R T —&
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5, TR AT BEXT R K AR B 5 B o
23 FERBEMRENERAEL

2024 4 8 A, ZEuk P1. P2. P3 WY HEHR E 50004,
= = — R =R JIBIH 43‘888 \ _m /IV\ —
ERDCI R AEALAE 4 TR TSR 2 30 e\ Y s S
Wil 1] it T = 1o : X - :
m;{i %ilg_/‘lj’l;[;é g%‘s‘ f(;()bgj\” %}J; 52%2?20 III:;S;%; 2024-08-01 2024-08-08 2024-08-15 2024-08-22 2024-08-29
P3 Uiy H £ 7K ) . Wl A 1
4206 m*d ', FEHEBRFER 24K K HE 48 h 1%L () PR H At
P, ) 3 NI R R ALK R0k 2 567 . A0 A
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P1 5 P2 ZEul 2 [A] 4/ A7 AE ™ 55 75 7K A M 1
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13500 m*. M\ P2 i Ia] P3 R U AL R,
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Fig. 4 Daily pumping capacity and areal rainfall
at monitoring stations
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— R P2 Bk P3 R Z IR Bl T EAISMKALR .

WA, WDV RIZ X BN 57K A st T = T4 Db, Kb Tk Aist ik, B
T RS o [FIRS, CYHEREE AR, FETEMREE AT 0.1~0.2 ms™, ST ARIRE, KKHz
TR PR, XA IR R EEET PR HE K R GRS TR 1 IRk AR
24 SIKEEERS

2024 4 8 AI/KFMEE 20T, Pl ZZuki5/K COD . &% TN Al TP Fim e 5h (120+24) .
(30.5+3) . (35.5+15) F1(3.5£0.3) mg-L "5 P2 Ff/pillhy (232468) . (48.8+23)., (53.0+13) il (4.4+0.2) mg'L';
P3 ZEu553 500 (208+40) . (42.5+19), (45.8+11) F1 (3.8+0.2) mg-L™', P2 Fll P3 Zulif)i5/K COD {53 [E R
Dy X 5K AKAEARIES, i P1 A5 COD (AN B & ik, & Rax—2 MR ELE T, P1 ALk
AETETGIKA, BN T AR EERY Tolk el XK, % Tl e X HEZK B COD K, 1R (63+43) mg' L™,
R T RS T FERISE X IR TS Y I ERCR, TR RS A R K G B, A T 4580
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R4S DX B A TS /K B S A s RIS & Bad 3 NI R ELR I BB 5 N TR K sds , 1
TR A IR TG K B SEPRI AR . TEI X HOT R4S ZR ok B A 15 5 K FP A TS e S i e S B A
B TR s KIEER, 250 NE 5 Fos . REARRDKEA PR R A E—E NS, el e
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Fig. 5 Pollutant collection vs. theoretical generation at pumping stations
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Precision diagnosis and critical segment identification in sewer networks: A
case study of southern chinese town
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Department of Environment in Yangtze Delta Region Institute of Tsinghua University of Zhejiang, Jiaxing 314006, China
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Abstract To address the challenges of low efficiency and high costs in sewer network problem identification,
this study focused on a town in southern China. Utilizing multidimensional data analysis and quantitative
calculations, we identified inadequate pollutant collection and extraneous water infiltration in its catchment
areas, while precisely locating critical sewer exfiltration segments. The findings revealed significant differences
in wastewater pollutant concentrations between wet and dry seasons. From 2022 to 2023, the town’s annual
average COD concentration remained below the influent average of Taihu Basin wastewater treatment plants,
with particularly low concentrations observed during August-September. Water levels at three main pumping
stations (P1-P3) showed positive correlation with rainfall: levels rose significantly during precipitation
exceeding 5.0 mm and peaked during rainfall over 20.0 mm, increasing treatment plant loads and risking sewer
overflows. The pipeline between P1 and P2 exhibited severe collection deficiencies (<20% for NH;-N, TN, and
TP), while the P2-P3 segment suffered substantial infiltration. Through targeted nodal tracing, we pinpointed
exfiltration at pipeline X2-2—X2-1 and infiltration near X3-3. By analyzing pump station operational data, this
study achieved cost-effective, efficient network diagnostics, providing scientific support for intelligent, precision
management of sewer systems.

Keywords sewer network; pumping station; sewage collection efficiency; extraneous water infiltration;
smart management
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