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Table 1 Typical interception well attribute table

WAV PrEERE BPKER BRER KR IDKKERE S kSR X T

B WERS /mm mm hm’* BRI S /m i)t
ZILT7# ESITESN 1 000 800 15.41 621.04 Tk B3
PRI 1S#  FHIEWI3RZ 2000 1000 17.37 663.34 W A X
BRifk26#  BRHEI1RSE 800 500 17 585.25 W5 X

1.2 HUEAIZREN

1) BERNECHE I . AN Mo Ah W s R RS X, BEK Al A Y, AR BB BARES, A4
3—9 H N ZE, ARBTSE R 2 e Wik ] &y 2023 45 4 H 4 H % 2023 4F 6 A 24 B, BHEWIR K
1 Ymin™, RN WA A 15 B AL AN 1 s .

2) FKEEFE I AW SRR RAIE SRR 2 AR, Rl X fhoe R e N THEH R Y
AR, PRI K R W b A B K R R i i . R A W s S oo Sy 7# . BRIIE 2640
FHIS: 1 SHERH-UE AR AL, RIS I Wl s S ol S L 74 . BRAE 264 FIBHIE 1S H-HERR T 14b, =
JAE B i S K A W i ] Ay R 2023 4E 4 H IS HE 6 H 24 H . 20234E 4 18 HE 5 H 10 H .
202345 H 19 HE 6 A 24 H, FEERIIHR 1 min- K,

3) WRIRIHE R PRI . ARSI 1A P S JE & A AR A AR Gl X
15 TRERER RGO, WEMA RIS AE RO TR
1.3 WRAGE

1) FERRARAETTE . BRI R A —E iR, PR PRME L R AR . B TRERIIRT . (%
T PR S B RIRE R RAE , AR R P R B RN e (PR SR ARt BEAR AP A AR R AR 171, R A v
FREEFAE R — 5T R RN AT R TR oy, HAEDBRRy, SRUARE TR 2 h a5 R RRIE (i
FREEFAE R E— T rh R A e R R B, B, R IR EER e fE s s . PR PRAT TR A
= (1) F=X () PiR.

T (PiX1i
p = 200XD )
Py Xn
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P,=— 2
p Psum ( )

K. PONRERNETRRRE; PO i DN/NRIRENE, mm; P AHIRFERE, mm; P, AWREWIEERE
P AR /NI RN B R 30O R R S0 B A R B BR, mm, ¢ BRI (AR, R A
FRITMARIERY ((0,1/3)) . "RUgHAY ([1/3,2/3)) | milgER ([2/3,1)) o

2) BRUREST. B E SRR A2 NIRRT A, SRR T DA e — g s ] B PN
e RN ST = VAN TS 112 NS S 173 e i o 0t AR 15 v v S X W N T T R
FRiE, SHnEAXEL 3) s,

v=fom=Y0, 3)
0 =1

Krpe VAHREBRE, o’ QN ¢ IZIMBERR A, m’s™; O F—IRFEN S j 438 B BRI
m*s ',

3) ERSTHT. FRSHT (principal component analysis, PCA ) &2—MZiogitntririk, #aH
TFHRBETCHYIN FERE, GEWRE AR AR 2 A 22 SRS R ZE R Z A AR et . SR
PCA Jrik Wi AR F REAEAR MR SAAAE SR, ORI RNAE A EE R S R R e A EE R Z (R
FHXEME, DATRSI S K B ) - B RTRE . PCA 25 R LIAHCHEREL r 5 MK p A TRAE .,
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2.1 HAPEREHPRHRERRRIFHED T

1) WA TS X AR RTERAE . ARTERRIN 2022 4F 7 H 3 2023 4F 6 H (57 s/ NSRS, LIS &R
BV AE=1 IARET™ B AR R d/ N TR RS R R 3 h (CV=0.98 ) o LT UL, ARMFFOKRER R
JE>=0.2 mm'min~', HHJ5 3 h NFERIAN 0 fER—IRBER SR FIEIPR A4 G n LS F, 1wkt
YR A ) 1 mm BRI K o 767K 2 WO B TR 5 R N o R R 26 &, W RN
(38.5% ) . Wil (42.3% ) . Kl (15.4% ) . 2 (3.8% ) U, ARYERERIIIE BRI R 100 R 148
THEM, A 16 FREME AR R AR, 10 SREMEA LR, ZERRIEN IR 2 PR,

2 HUNEAE 10 1% % i AP E A HEHE

Table 2 Characteristics of 10 overflowing rainfall events during the monitoring period

R 0 e P—— BEWT  WORT PERIAETD BEFWEE  BO/NNFER  GUCTIRER MR R W
s Pil/m Fm R FREE EE/ (mmh') 3BEE/ (mmh)  mm R
3 2023-04-19 17:16:29 2023-04-20 00:10:31 6.90 7.10  0.71 0.88 1.00 420 29.00 K
4 2023-04-20 20:01:40 2023-04-20 20:18:40 0.28 16.74  0.41 0 1.00 3.57 1.00  /NER
8 2023-04-29 15:04:15 2023-04-29 19:18:16 4.23 78.79  0.22 2.47 5.60 1.80 7.60  HEE
10 2023-05-05 16:01:20 2023-05-05 16:24:20 0.38 131.55 0.57 0 8.60 22.63 8.60 HF
11 2023-05-06 00:41:22 2023-05-06 06:47:23 6.10 828  0.52 0.65 2.40 2.98 1820 KW
12 2023-05-06 17:11:32 2023-05-06 18:58:32 1.78 10.40  0.53 0.67 23.00 19.33 34.40 AR
21 2023-06-05 20:20:16 2023-06-09 11:57:16 87.62 75.75  0.63 0.65 5.40 2.44 213.40 K
22 2023-06-14 12:01:16 2023-06-14 14:44:16 2.72 120.07 0.28 0.77 7.40 3.53 9.60 N
23 2023-06-16 05:17:16 2023-06-16 17:49:16 12.53 3855  0.32 0.61 2.60 1.12 14.00 HEN
26 2023-06-21 15:53:16 2023-06-22 15:24:16 23.52 6033  0.47 0.69 1.40 0.76 17.80  HUEN

2) HHFI PRI REAEA IR N AP K R A R IE . 3 NI RS T A Y
KRG TR (% 3) R, AFRRGHSEARR, BOEREE RS/, T, KA
TN SR AR R eIy 74, BHIS T 15# ., BRUEA 264090 K S E-SEE 2000 214.88, 31717,
40.59 m*, WA ESTIE S, 88.11, 153.82., 13.51 m’, AJLAHRH, #KEEFHERENERS:, Hik
T B AR . (HA ARG 2 B K B RN e R 25 S, MIRRUE, BHIE 15# i, Z1l
THIRZ., BRHE 268K, DARERNZSAYIX 4y, (A —IRE/NI SRR, £ R GeaEKORg it B i 24 5 )
H19.44 F10.40 m*; R, SRR SR EEIE S 87.06 F1 23.79 m?s KEFAE, KAl
TEESEEE S 123, 38.36 m*; B LA L AREMI SRR, SE KRG B S 4 380.64
195.88 m’, AA b, FERHEHEOR, SSRGS, WA MRIBIE LA R (£3) , SR
7K A RIS I S W (R K S M R R AT 23
2.2 [PEFHEXTHKRERRES T

1) FHIRIZ R B 54 oS [RGB R G R K g e . WA ik K i S I 1 22 6049 ol Je 800,
PRIHAS R — B 2 B K e S RERAE Z B ORI TG R, DR A — B LI D E I R Ak
P RAZES, DI AR SR PR /K S0 (BT o TR I E I (B A A B) (R DAL J ) ) bk e
AN FE AR L A R AE PR R R 0 N K. Geit 3 B R G T A R 2510 v (R W (9 )5 ek el (
2a)) , XTHCAHFEIFET S, RE RS S R 22 5 . G542 1.2 IN%E, BTk E s
THRRI2E 5, Rl THEE R S R S, Bk 26# 8 AR A IR, PHIE 1 S#AE FhAE 52k
P2, HIbieAh FE S T#EEE 005 F A A REEAE I T . SRl TS5 ERE 26405 HLZE R R
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Table 3 Characteristics of inflow and overflow for different interception wells
WA BRI K AR ESEIE, BRI EKEEE R T I R R (R
G Gty o /m? (m’s™") (m*s™) Pith/h o EEm? (m*s™) (m*s™)
3 93.43 0.16 0.98 1.27 50.35 0.65 1.28
8 66.82 0.10 0.57 1.48 22.73 0.25 0.56
10 42.64 0.08 1.03 0.15 4.67 0.47 1.01
12 273.99 0.34 1.49 0.85 22.43 0.43 0.71
Z 1 7#
21 643.96 0.05 1.32 13.40 441.03 0.55 1.58
22 203.62 0.08 0.97 0.62 28.89 0.76 0.86
23 88.82 0.07 0.56 6.07 66.94 0.18 0.71
26 305.79 0.10 1.18 5.48 67.87 0.21 0.67
Pl 1 54 21 540.11 0.04 0.65 10.30 298.53 0.04 1.40
22 94.22 0.04 0.82 0.50 9.10 0.29 0.55
3 49.85 0.08 0.27 1.75 32.39 0.31 0.44
4 19.44 0.02 0.11 0.28 0.40 0.02 0.03
BRE26# 8 26.23 0.04 0.11 3.50 10.39 0.05 0.10
11 42.94 0.04 0.23 0.68 2.84 0.07 0.17
12 64.50 0.08 0.22 1.52 21.51 0.23 0.43
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Fig. 2 Relationship between interception well inflow and rainfall characteristics
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bR T ABIRENEEAFZ240, 75% Wi i E R TG i (R AR A, Rl 7#MPHE 1S#BA 62.5% MEA
Ko I, FERIBAURRER AR R R GEE (R R ) 25 AR, I LA (ELH f B T] S5 9K DX 3aAReAiE TG e
WHRR. FHREHT, NRESRHH RGOS EMZER, FH 15#k iRk, Rl T#RkzZ, K
HE 2685/ (K 2(b)) o ZEFIRFERIRGI K XEEE (£ 1) , KRR SYERTEE S5k X
RS BHIS 15#00E KR | BETHEREEN 3 NRGUhEcR, Rl TRz, Rk 26#50)N, [RIRHER
HE 268155 B IR T & SLa Xk, RS ML st 2 JE AR IEAARBIT RS, FEOZYS Rk
FXFE D, A ERPHIE 1 5#R S5 XIS ET A N, S Ko d A M, Hl Tz X 8T
SrBihlIX, R FK AL, HIPKERKEK (D=2 000 mm ) , FILIKESERK, B
|, AR P R G RS X K X s e B A A A G, i ELARSS FrIX
LR s ) NGRS ONE A i 7 e

2) SR R ) R AR R 28 . LUK BRI R ORI DI A . FRATT30) . BRUAEP AR | [Rg
(HFRRE . B/ NEIERRREE | US4 N B R R RN i SF F R AR AR IR RIE ,  DAW J5 Bf TRIZRAE /K
T AERHA] AR RARAE , DI S B R MK A S RS IRARAE, 0 oA R SRR AR XS /K i A s ]
AR ERIR . PCA 25 A5 AR ARl S /R I i st 1] S R R (7=0.83, p<<0.05) Fl3%
REmiE (7=0.71, p<0.05) WFIEADE, T SFEMIEERE RENADE (=062, p<0.05) (F2(c)) . X
Seh QLR DR . SR RN i LA SRR R S I AW i S o (R R B PRI 2R, R 77 AR g e
WFE, R R, SR RN, (B R I Rl . X KRR, PCA 45
B(E 2d)) BosdbkEg ST (7=0.56, p<0.05) FZFEHRE (=046, p<0.05) BFIEMHL,
LI AR I SR, RN D7 B A R T2 S B K B R RN, At 25 GRS
SEOL, KRR T AZ I DT R S R AR 2 A, R SR X M S AR A —

3 ) KRR AFIE XTI 5 B (R 52 o PR — PR ARAAE F AN RE D I (B SR IR, R T BRI
A XTI I AT Ao , LA 43 S AS [ R e S5 ) 6 R S O (B F s TRIEA 434, AP
T AR X U (T S B ) A 5] o T () S U R R 1 PO [ SR R R (B Je B Rl 22 S A K (A
2(a)) , HILETFHT 3 ARG HIUEE T I I RIEE . AN IR S 245 Hh R R T el e R DG (LR B ) F4) 0
(B R IRl ARG (B 3) o, /NSATH AR, TR SR ELRE M DT R R SR, I (E
W E B EERG . Jr, ANE (1~5 mm) FEOLT, SRR (P, =0.67) JBZ (/MR 87.5%)
R RZAE 3 h N, HEPEER S 200 44.0 min (& 3(a)) 3 FF (5~15mm) BT, w5
RIFERT (P, =0.67) 5K EZ ((SRIRRARN 66.7% ) , HFEHTIITRZAE 7h N, HEEU(E 5 i)
2574 93.6 min (& 3(b)) ; KM (15~30 mm) &AL T, HIgERIFERN (0.33<P,,<0.67) J&%, (HEEEmEE
RIRETR, WA (=30 mm ) [T, YA m e RIRETR , KRN AN N A0 G (ELAE F i 1] 23 ) S LR DT e )
30.1% F126.5% (&l 3(c) F1 (d))
2.3 FKREFHEX R ERNSIE T

1) ST BRI . AR BRI R RIMICE R, W LLE T X
PN AR I FH B T SE PR S A A AE SRS (AN 4b)) | $RETHFE (AnE 4(f) ) LAKAEE TR (A
Kl 4(a)) 3 FiiEDL. ARAESC S K B ALE R, SRR T2 i X, A T B KRR AR Ak
WIS, REG0EE TR R SRR 20 BERE A TF)R SRR FHEROR T o M3 -HERW T 5 T 5
B, W TR B R KA RS T iz It R g v Rz BRI K EIOE . Rl 7#7E5 3 (E 4(a))
12 (FE 4(d)) . 21 (El4(e)) 123 (K 4(g)) MM HE R, SRR PR, S
KB HIR 21.97, 6.15, 4451, 3581 m’, [AIBSGEit ARG TbEmS A, SRl 7400 RRHEKEEE R
0~90.31 m® (& 5(a)) . BRIE 2687655 3 (1 4(k)) A1 11 (& 4(n)) REMFOEREEEIRR , HAeHERw
TR, #d ERKES N 532, 1477 m’, ERBHEREET, Kt 26# 2GR ELE N
0.89~12.16 m*. BHIE 15#7E55 21 (& 4(G) ) A1 22 (& 4G)) RN E e, HAEHE0R 1R
SRR E R 308, 0.06 m*, FHIE 15#£F A U It K 9 44 rp i RARHE K BEVE TN 0.89~491.21 m?, PHIE
15#, Sl 7#. BRIE 36# IR RS REWEK R 491.21, 90.31, 1477 m’, ATLIEH, AFEFE
AR R — AR K TR A Y R K R 22 R R . — e N T i & 2ac, HE AT
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Fig. 3 Distribution of peak lag time under the influence of rainfall duration and peak rainfall intensity
across different rainfall levels
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Fig. 4 Correlation between cumulative inflow and overflow volumes in typical rainfall events for different single-well systems
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Abstract  Understanding the characteristics of Combined Sewer Overflow (CSO) is crucial for developing
scientifically sound strategies for managing and controlling water environments. However, pollution interception
projects have altered the traditional relationship between rainfall characteristics and CSO behavior. This study
investigated an interception project aimed at improving the water quality of the Longjin Yangqi water system in
Fuzhou's Cangshan District. Through on-site investigations and continuous monitoring of rainfall, inflow, and
overflow, this study analyzed the relationships between rainfall characteristics, influent flow, and overflow
through statistical methods such as principal component analysis. Additionally, this study compared these
relationships across three interception and storage systems with varying catchment characteristics. The results
showed that the time lag of the peak instantaneous inflow rate at the interception well following the peak rainfall
(referred to as “peak lag time”) was primarily influenced by the duration of rainfall, the total amount of rainfall,
and the intensity of peak rainfall. Rainfall events with longer durations, greater total amounts, and a “low-peak,
extended-duration” pattern exhibited longer peak lag times. During light rain, the average peak lag time was
approximately 44.0 minutes, while during moderate rain, it was about 93.6 minutes. The total inflow was mainly
affected by the duration and amount of rainfall. "Higher precipitation and longer durations led to increased
inflows and overflow volumes. During the same rainfall event, peak lag times at different interception wells
were largely consistent. However, variations in upstream catchment areas, storage facility sizes, and pipeline
network characteristics led to significant differences in total inflow and overflow volumes. Significant
differences existed in the accumulated inflow volume before overflow among different interception wells. The
accumulated inflow volumes for the Wushan No.7, Yangqi No.15, and Yuejin No.36 interception wells were
90.31, 491.21 and 14.77 m’, respectively. Meanwhile, the tolerable accumulated inflow volumes for the Wushan
River system, Yanggi River system 3, and Yuejin River system 1 were 2 181.40, 1 585.27 and 1 189.54 m’,
respectively, due to the storage capacity of the ponds. Overall, the inflow characteristics of the interception wells
were closely tied to rainfall patterns and underlying surface properties, with overflow governed by the operation
strategies of the interception well’s discharge gates. Under manual control, the opened gates result in overflow
volumes that reflected rainfall patterns and align with inflow. This study provides theoretical and empirical
insights for managing CSO emissions in urban complex areas with sewage interception projects.

Keywords urban complex area; combined sewer overflow characteristics; rainfall characteristics; pollution
interception project; manual control; water volume response relationship; principal component analysis
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