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GUO Xiao-chen', LI Meng®, DU Peng-fei', ZHAO Dong-quan’, ZHANG Xu-dong’
(1. School of Environment , Tsinghua University, Beijing 100084, China; 2. Beijing Tsinghuan
Smart Water Tech. Co. Lid., Beijing 100086, China)

Abstract:  As for the intelligent management, system optimization scheduling and on-line
warning-alarm of urban drainage, the on-line monitoring plays an important supporting role. Therefore,
reasonable and effective on-line monitoring scheme for urban drainage should be developed under the
constraint of economic cost. Among them, the quantification of the monitoring points is the basic work for
the whole scheme. However, at present, it mainly relies on subjective judgment and lacks quantitative
method. This paper puts forward the idea of hierarchical monitoring of drainage network. Through
quantifying the number of optimal monitoring points at three levels, namely, the overall level, the regional
level and the source level, and optimal monitoring efficiency which can be achieved under different
monitoring points, the idea can guide the quantification of on-line monitoring layout in urban drainage
network. The method is applied in the urban stormwater system and sewage system respectively, and it

can support the quantitative evaluation of monitoring program, monitoring mode and index selection.
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Fig.1 Schematic diagram of drainage monitoring elements
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Tab.1 Analysis on the setting of monitoring points under different monitoring purposes
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Tab.2 Hierarchical on-line monitoring of drainage
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Fig.3 Scoring curve of pilot area in sponge city

HRAE W A% A SR, I 58 s AR W T A 43 IXC
W, 2 RSk M e B 3 2, N R T RE B 55
FE U Sk W00 J2 9088 43, Wa I e D A B 80% K¢
15/

39
40

178 |
180

0 20 60 120 140 160

411 BRI

FRAE X 38 N A HEZK 0@ 2R | g 4 it IX 2 a] 43 17
ASFHEK AN X, FEHE O 43 HeAi 75 5 72k Ml i
2, BT AT HE 115 A5 DR D A, e HE K oy
DX, 8 26 /N W, % A8 I 3 T RN 43 ST s kAT
W

©  HEr W

I3 X 3 v R K A B RN K HE L O R 2 A4~
L TR AT A R W A S R
B T 60 &b 5 78 5 AN A8 HE S 11 AT R A A
2R W, A R R RS A A R
it 154k,

@ BN

FE TR 5 TR B2 AL T VA I Bl 32 48 T T T
HEAT I W, S REHEK A I H 8 32 1 TR 9 i
AR, 12 4k s AE XI5 B a5 A T S DX B T
AL W, S HRE N 5 P S T S AT KU PEA
144k,

4.1.2 Pk W

TR X N 108 TR Sk s B 2EI H L 45
A FRAT B AR W A AT W, I AR 23 R
s 3 A0 AR P43 i, VRS W IR o W T
Bohn B & B JE I ERIREA R . ZEA
i B HE A B AT — 2 B AR U | A e B AR I H R AT
TELR W O e AR 2 /N X A g ) 345 R T
ZR HA AR 194 BLARLT H AT W, ol T30
HHE R — 3050 B 2 & Wk &, A
34 4ib.

4.1.3 Wiy S 4 il

FR AR 0 XCHE K 2R G0 A SRl g, A 3 34
W2 45 e A A W I A SRR L ORI B0 R AR
P2,

% R A T HER RO B VAL KR AT
WA RO PR E , BT R 135 A 7 26 W I A
BT R SRR AT HE T TR A ST AL
FMAVIE ST E o FEPE A3 M4, % B4 43 285
O FEAR A E FE bR RS A SR A U,
PRE T 5E A A A 0 A X W o YR S
43, 8 X BRI H A I e, AT HEA T A R, E
A BRI LT RARNAT , 5EBOZ )2 85% #2471 W
WAL HE o

TR DX W A s s R A o LR 4

+ 127 -



%38% F24

B oE 2 K HE K

www. cnww1985. com

/
£ ORI R OEEAKE K R
¢ REETE e WEE AL e R

o 5 H R A Bt
BT H A G A

a. T DX AR A

300}
280F
260}
240}
20}
200
180}

Z 160t

R 140}
120}
100F oo

80} |
60} :
40} |
20}

80 100 120 140 160 180
0 A E
b. WSR3 £
B4 REXEMNRIRESTE
Fig.4 Monitoring layout map and scoring curve
57K RS
SR I — A R REAS 4 B SRR K
B ) )y 2 M 5 TR ML A A A S A DI P S i
PEIRAR TS TR S RCR , B X5 K HEK R 40
AT AHEZK P 25 KT B At AR MR . % AE
LM IR 2R B ST, REAS NI TS IR VR HEZK - far i |
AWEAE 57K KW BEAR A8 Rl iz 47 25 1)
R A, AT R R 4 i HE K R GE ARz A7 A4 T
FEPERIRCR
LT AL T VL, Il DA% O X 3l AR 3 3
63. 5 km?; 3 £ DX S T O 9 R R VS 200, (LR X
PR 23 DX IR 5 L i, A A T5 K R B4, i
IEAE AT EARTS TR T BR 5 K ARG ; Tk
DX RETT 3 B85 K AR B 21 JAE S 3l 5 DX Ay el g 7K
FREAT RIS 3R 600 434 s K R 3t
32314,
4.2.1  WEINT5 S g A E
DA DSl B AR R o A, 2 i T B A

0 20 40 60

4.2

oK LG K R GE NI 0 T, B A5 B R R K R GERY
M I 2 BR300 M AR VY 23 £ D7 v L AT A 2 1
RCRE 73 (EL 5 M I A5 B 56 AR il £ AT, AT S
JIR

300}
280}
260}
240}
20}
200
180}

Z 160}

R 140f

837

120F
100
80F
60
40
201

400 500 600 700 800

s I A
5 3Rt RUEMENLITS ihk

Fig.5 Theory hierarchical monitoring quantitative

0 100 200 300

scoring curve for the region

M T IR K R HEO AR 2, & 29
T dpe A0 M T T P AT A B AR AR, R [
WA W DIRE 2, 22 0 A o i, DR A i o %5
LTS R TR E LR SR e 5 e ik
AHZE A 1A M A, I AR A ) g A I i 7 5
LEAIPEE A

A A8 0 ) Ty X, A A TRD 3 A
T T 0 W R T R R T B e MDAk R L (R
A LT 1 52 W e 49 W 0 %) Qb SR 25 4 O —3
oifE B, I T B X HEK 2R 48 R [R) 22 2R (0 R AIE
R0 5 SR 2 B M = R R A e I Y A
B

® [ W N AR

DX 35 P A8 I8 0 T 0 A e S A D, R
1K E T, T KRS B b Rk &
GUEARIE AT HE KB W5 KT K 14
TRV 3l U, 5 T I A B il s HE R 4y, T
B 2 UG KAHE T (d=600 mm ) R FH [ 2 W i
(197 3K 5 2 REHEK P WA G 7 R, MR HE K P T
[ W 4 X Sl HE K LA o

@ AN N AR

DX 35k P R A HE 11 T e /N HE 1, AT K o
A B, TR A W i Oy =X, B Bt AR B 5 X
DX 35 P B A HE K P SR R A 4 Wl 1 7 =X, R A HE
KFER .

+ 128 -



www. cnww 1985. com

FRROR, F HAE PR LI A & RCE 6

%38k FH2H

4.2.2  HEKAE W

O FEKETAE W

SEA FOIX IR ETS TR T R A4 M 5E 3% T
&, % 3145 (4800 mm 1 d1 000 mm ) LA Kz FUIR
VK BT, HEAT U A W, R X A
TGN, et 164 W

@ P L AUK R

X35k AT K R G WA 3=, 25 Rkt BRUK P 397 Tl
R PR N B Y 9 A BUK S R AT R Y
W

@ FyhpEiio

X 370 B P Lk 438 13 JA8 F il , 7 0l 1 0Bk 1
HEAT U B AR 2 M TN, 5 402 % 2 i IR 55 16l P Rk
e, DT A 2 3l 9 42 5 W6 %) il o2 B AR a5 5 1k
PR AR A K Y 4 > E BRI A E H S RAERY,
TE i K A 2 AR, ] i K SRR, i — 2 UK R
FFN T RS e pH  HL 5% B &% .COD
GHRPRIEATARS , T AR X Py K T 0L

@ 5K TE

XPV KT WOK 48 SEA T VR W, AT 2 48 T
B FTIE B s XTE KT BB AT SR T AT U SR
HEK R G0 0 — AR B s AR A R PG R L, 2 )8k TS
KI5 2 MR T A LT 4 B TR T .
4.2.3 Heo

O [

o K [ W, 63113 & 2 LR A 13
BIKTELE AL,

@ e

R 55 F 4 I8 05 T RS, T B HE O DL R AR A T
G T4 R DXBUR S35 i HE O 3B T HE RN T
HE, T XI5 Y0 P A 142 4N HE 1 F SR AS e
T 24 BTELia it
4.2.4  HEK o WEm

O [

TP LR /)N DT B O A W L ik
PEO 20047 W5 40 i e HLHEZK B3R 3 H iF
A7 81 W I, 43 A7 T R 5 RIS AT IE 0, 90 45 i 1 29
A~ BRI HEZK P W, LT 29 B E AN 20 /5 A 3

@ Fed

X A X188 FF VAT X 114 77 DL KT & X 21

JUR IR {5 it il A HEK P AT R TS o i e , At
7323 1o BRI @ Wa 29 1, oAy 294 1R HTE
0, PR — 47 N 5 BB AT HEZK P R 2R 5 2 4
H KUK B R e . 2R 35 19 B 1ELk
T, HEAT 16 YA AR M
4.2.5 7 =i S

TR IR KA 9 SR IR £ M, 7K e 2k
I D T AT 139 5 WA, 2% B R A AL
WALTFATEL R iR 4 Fis . H 3 2R
SR FH e 48 ) 1) D7 =2, 25 00 i s ) B R
I, TR E] 532 4.

x4 HKEMEERKEENZEST
Tab.4 Statistics of water quantity monitoring equipment

for each element

w2 TERWANL | LR | etk
& /6 L
HeAK 48 323
RS 21 16
BT e 13
KT 4
e 37 155
A1t 25 114 507

R 0 0% 00 1% B 73 (L A 2, 4 i 5324 M
0 A DN SECRE O IR B 3B 220 73 (WL 6) , AT
R AL 3R LA IR, S H . E
52 G TR AEH 2, SR ATHE 4 M 0 1) 7 =X, 3 AR
BER B M I D3, i v 0 M O 5 2 L M U P K
AR R, A IR W TR A0 e, TG i 20
B 70 A AR, B SRR I 3 S B T2 600 N/
A, AR BE X A5 23 m W R T

300}
280} 837
260F
240}
220f -
200} ------ms oo B
180

Z 60t

&R 140}
1204
OO - - - mmm e e b
80r
60F
40t
20}

0 100 200 300 400 500 600 700 800
I A B
E6 XEkEELENFS
Fig.6 Score of water quantity on-line monitoring for the

region



%38% H24 v E %

A K HE K

www. cnww1985. com

5 #R53T#

X FHEKAE W R G0 1 2 2R W DU T &, e

‘I)ﬂJﬁfEn“ FELR W A s B R TR B IR
o AN ] X sk g W G RN TR SR AR 4R 4 2

"*uf" E’JEE'E% BB AN TR 2 9T S I W 0 7 58 9 AT

Bk AN [R] W00 AN 50T T B S B WD sk RE B

SRR WIS B A O R R T S

b W Jy =Rk DA R W I 1 3% A 56 35 55

51 MMEHENENHEE

HR 4 101 DX 3 HE 7K 2R G0 97 T i 6 ] 8t DA % W
I Y 0 W 2 R A W 2 e A R — )2
G AR IV 53 it et W e A48

O A JZ G W 5 A H NS AT A
I, — M, & 290N 5 /T AE L,
BRCRE N KT 80% (X6 I A4 Wi il >y 80 43, 43 X Wi Il
18043, JE Sk Wi 280 43 ) , LA S B2 J2 0 ) 17 1) M i)
H .

@ 5B LA X a) B BARTE IR, 2 #r
W 55 T BRAEE , DI RS W A A8 TE Sl
R RPR AR NS AE — 2 BRI S e ) T A E 11
PR 25, HE 20 i B il 4 bR B, B I 43 1
I S5 850 A R0, R A% S S B W Ty SR AR A
Y€ 2R S L WA RO [ RV A IVE: ) | RE731 15
I 257 5 5 (H Al A — S W thTxﬁcme&,ﬁ
SRIG N —A~ W05 0 AR [, AET ) 7y %8
RSB TR XS A R, A 7 2 (%?ﬁﬁﬁiﬁmr*
LT AT A
5.2 BMUARENTMERL

TP it Ze g BRI A d L 2 R e o), & —
AT 55 50 T T R S B S A W IR B W
G, Xfﬁﬂﬁﬁ{ﬁﬂm, S SR WIS

O HFEELRFRARANART, _M%@JFJ?
ﬁ%ﬁué’]"k(ﬂu,ﬁﬁi,ﬁ%ﬁﬁﬁmﬁ SRR
AR MDA

@  BEE I H S A HERE Wy SR T
17— AR AL 5 L R S 0 4 ith 2k, v] AT
TEAS W Ty 58 %4 J i BRAR R
5.3 MmARAERE

FEAH R W DU £ B I 45 T L 5B R e
AV R s e 0 %) T =X, AT AR R R I R S
B TEVE R SR TE Wy F R AP Sy  (H R

T B I A (], 5 WA B, e 2 4
R—FE B

©  H AR W DX O S, AR X
IK AT AT B BRI

@ 43 DX W %k IO e g R R K
B W T A B0 9 T PR RS WIS T S

HEAKAE R 73 [R) A4 32 8, ‘R P T 7 i 8 ik
i

@ WU, i T HEK P ARSI E B R
JIr it M 0 S A, i R R AR

HEAT 1 W, LA R P A 48 s B 0
5.4 HEHENKNESTE

X T4 T H DX, 43 B B S T 3 2 A
A 7E LA B A PR I S AR R R 25 ha/ﬁi
T H BBk,

© PGS A AR W IS 43 PIr s B A A
Sk Xof DX IR A B AR Ay S B D A R I
it 5 0L L Atk 9 A e 2 DXk, PR A 4 DX HE 7K
AR

@ AERRAR W A IERE b a] [ X4y X W i
FIHE K P W00 T 5 ) M R A T A8 e, SCHRRIX
BHEACRS A B, AR5 YL va

@ TR LR, IR RS B AR
it O A7 W B | 5 2 b T8 58 1 R A A 3
LR,

@ ARSI H B A AR A B 4
oIS R W 7 AT T 2

Sk
(1] A XUHE R, SRobk2e 45 JE B i iy K4S R Y
F B B S R ] P g K HEK 2013, 29
(22): 18-21.
HE Renjie, LIU Yanchen, WU Lin’ an, et al.
Construction and application of information management
system for sewer system in Wuxi City[J]. China Water &
Wastewater,2013,29(22) : 18-21(in Chinese).
A, I, PR T, 55 . IIEORTEHK S Wiz
g BRI B e [T]. P E 4k HEVK 2012, 28
(8): 11-14.

ZHAO Dongquan, WANG Haozheng, CHEN Jining, et

(2]

al. Application and analysis of monitoring technology in
operation and management of urban drainage network

[J]. China Water & Wastewater,2012,28(8) : 11-14(in

+ 130 -



www. cnww 1985. com R, F K ETRNAEZ BN A SHTHH T %384 FHom
Chinese). network system management [J].  Environmental

s
IE]

SRR, 2R, A AR L T HEZK A I W a5 Ak
fi B SRR LT ] E K HEK 2018, 34(4)
26-31.

GUO Xiaochen, LI Meng, ZHAO Dongquan, et al.
Research and progress on optimal layout of monitoring
points in urban drainage networks [J]. China Water &
Wastewater,2018,34(4):26-31(in Chinese).
TRAUHE XA SR AR, A L IR AR I WSk - R - R
Uit P2 I A AR —— LA B T 2218 X A R
XABILT]. Z5KHK, 2018, 44(8): 24-28.

GUO Xiaochen, ZHAO Dongquan, CUI Song, et al.
Construction of “source-process-end” on-line monitoring
system for sponge city: a case study of sponge pilot area
[J]. Water &
Wastewater Engineering, 2018, 44 (8) : 24-28 (in
Chinese).

BRI, XBZE, FAsIE 45 . AT T5 KB AR A B I
A5 R BERE ()], PRET T, 2013,31(2)
17-21.

SHENG Zheng, LIU Xujun, WANG Haozheng, et al.

in Licang District, Qingdao City

Study on field monitoring technology for urban drainage

S

(AN}

(6]

(7]

Engineering, 2013,31(2): 17-21(in Chinese).

JRl AR 2ROV B S R R I T HE K A
R TR R LT A K HEK , 2013,39(5)
106-110.

ZHOU Jianhua, LI Wentao, SUI Jun, et al. Application
of the hydraulic model in the municipal drainage network
[J]. Water
Engineering, 2013, 39(5): 106—110(in Chinese).

iR ZAs 3T oA AR Sl HEK R GE LR 2 1 RE -5 b
PEALFERIBEZE (D). BN WHT R, 2000.

HE Zhongjie.

Saving

modification  project &  Wastewater

Research on Comprehensive Energy

and Coordinative Optimization Control of
Distributed Pumping Stations in Urban Drainage System
[D]. 2009 (in

Chinese).

Hangzhou: Zhejiang University,

EE B R (1992- ), L, NP RIEA 1, 1
BB R, F5E 05 1) A Tl HE K A B
E-mail: guoxiaochen_92@163.comc
Y75 B #A:2020-02-06
& @ B #5:2020-03-20
(Gl  AFHD

2021 4 B LK He K YHOK F AP BA RS BT

2021 %12 A 27 B, ¥ BHAFHARAZ A RATAE LT LA T (2021 F F BAH#® L HHIRE),

B 1987 F vk, P AR FHAGZ LR —AREE T EARAR LB AINREELHE LG %o
M IAR, B R A P B ARSI T B B AR A ST L Al B AR R B 2t B AEA R A
AR BB ARE L ST 5T
T RAEEN B R KT MR LA R) 3 & B A, L IRIRN F A B Rk A
FiE R A IRy LR, T EB RO FRER, e E A ZE, FASZRKTFHE AR, A

RIEANFH A ER B2 — AR LEMBEN AR R PR, RAEN I FHAARLRSREHFA

)&A%O

(P B RHAK) R ERENZL T B CHA, A EARFERREL BT LA 344,

(b B 2K HEAKD2020 569 F M 435 AR A T -

Hs BT SRR s % e B T RIS S
A FAHHE S A FAHHE 2 A FAHE S
3522 2 0.624 14 46.6 7

(##Esk B P ERZFRAEEARC2021 FHERKEXSHITHRE) B REHREEE)

+ 131 -



