$53% W5 17 S-S D | A NE= SO SO Vol. 53 No.5
2021451 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY May 2021

B REAA NERNTEIZRERLXIBRRES

wXAE L EEL A KL AREFR
(1. ST K 3R 56 5K PR PR 56505 (LS AR ) L e 100044,
2. SRS LT T FE A R S 5 )R TR BT T I3 100044)

T OE: MER AR B R R T R K X R AR R A e, T B s KU e B AR E S T e R K
AL A TR AL ARATRETRTES . A3t LR, AERETRRCENRT AT EERN G ek LR AL
HBREW T AT LA LA FEERBEARAERT L AT TN, R UZ AR RS TR G %R E A
AREAHNRBREBERTEREE T Z,BLETAE AL EEHN A ETZERN S ERAWARREF 7k, WA
B-BHREN IR T FEFATAEEEX,FUEFLENO, 2T X BERLEEEH BREEHREER T LEEHE
Bl AT B9S2 iR AR, DA O ok R i A T R g 4R R T IR N L & PR 4R B 3

KW : RBEE; K GEERRE R ;AT E

HE4S XS TU992 SCHRARAERD: A T EHS: 0367 - 6234(2021)05 - 0072 - 07

Approaches and strategies of sponge city development based on
watershed management
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Abstract: With the development of urbanization, the urban impervious area has increased rapidly, leading to
serious rainwater problems such as the increased risk of urban flooding and runoff pollution. Meanwhile, there has
also been severe impact on water safety and water environment at watershed scale. Therefore, the urban stormwater
management model based on watershed management has developed rapidly in recent years. By analyzing the
changes in the peak flow rate and the pollution load of the stormwater runoff before and after the development of the
urban land, a management and control method for sponge city construction was put forward at basin scale, which
was constrained by the peak flow rate of the flooding way and the self-purification capacity of the water
environment. A multi-level stormwater control approach was put forward based on water quantity and quality
control, and the stormwater management model of land sustainable development was proposed at the watershed-
urban scale. Taking a development area as an example, the construction approaches of regional total runoff volume
control, peak flow rate reduction, and runoff pollution control were analyzed, aiming at providing support for the
overall coordination of watershed management and sponge city construction in the future.
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Fig.1 Influence of urban development and construction on hydrological process of watershed
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Fig.2 Hydrograph of the site before and after development
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Fig.3 Composition of watershed-urban management system
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Fig.4 Flow chart of sponge city construction based on watershed management

2 EW oM

2.1 IE#R

IEEFF R XA R (R SCHRARIXEL A) i
SIHTZ R X T R B o e Sk S S B0 R 4
T T A B A AT BT R KR A
AR by 5 SAy ] s v AR, R AR R 1) P AL T 1 AR A
5(a) s, i IX AR FRAE 140 ~570 m. XA
TR WL, A — ST . XA AR
R 665 mm, BB AN 21,1 km® | F IS

i R AN e /N T = AN i 3 T A P
Bl 5(b) fim, K3 A FFR LA TR ECH 0. 30.
FE A % IX s (R Ll P b A A b ) o b T R
4.5 km® 2y X TR 18.95% , H b T b
P, T AR AR ECN 0. 55, i T X4k A 7
T i, b I RS X VR E AT AR ) RN
I = HE RS ). PRI, 7E - b T & it Ft v
AR T e e A T 0 {1 B A ¥ e T %t W K AR
HEF T R0 .

(a) HEHE

(b) FIHRTE]

5 Xig A HFER AT
Fig.5 Topographic map and land use type of area A

2.2 BREYHREAFR

FEXTIXIR A 37 MR 55N I &1 R K SC S H
FVPARSE R 4 DL 3 87 3 el i i
HE” SO Re TR M AR T R T R A5G R XA
LR AR /N ST I Sk T
KRS NG O, (5 Bh 2 Dr BR80T, L B AR T
Jites B oA JRy , 8 3k A B AR B ARSI A R, A R

SRR R G A T i e A ) AR G B AR i T K 9
BHER RS, LB A TR AR AR S
7 | R AR T RE , BT S8R RLIEL 6. 4K
A TIRET DX (0 S PR B , 73 91 ] 2 1 40 Sl T st i3
AR, BARE

1) Bl X, LA K WCSE 81 O 2. 35 7e 7 ol
DX A5 > Ut SRR AT B0 B W KA 8 it , 4 Rl



- 76 - MR

T

o

A

ne,

»
&

=2

PN Eitd 4553 %

DX T 37 A R K AT [l AN 255

2) AT DX, LR K ISk ol HE o . J A DX R
IR FERIEZ — , HIRE X G A, 7T
DA o A F A XA — B Pk A B 0l R 4, 52
LR 7K AT Sk A2 5 DAk

3) bR X, PLR K #8208 2. B XA T
THSH AP K2R BT, 2R XA 2 A KA
AR el DX 43 AR Sl 3, L2 el Xl 3R E
I, 456 2 FE DR oK, e B KR R 4t
XK AT A S A& e T 8.

4) SR X, UK IR SR O . AR SR X
AR, HA T XA i KB L i, 2
EEORIRRAFRIC. P, 254 LA a3 25 g A %
B0 A2 7 IS RS AR 2 0, S 1L AR IR Y
B S TR, [ T Rt ).

L

EFo6 XiABREMELTAR
Fig.6  Sponge city construction plan of area A
rREEEH
X A i AUk 21,1 km® b7 % i F 4
T F 2 R AR R i, 2R 5 AR T R A 0. 23, T 7E
Yt & 5 o il X JE A X R el X g
DX A T AR S, 3 b 25 6 AR T R EE R 0. 30.
FRPETTE, DX A JF & BT A 47 7K AR R A HE
AR 3. 227 x 10° 1 4. 209 x 10°m’ , It & )5
AEMKAR TSNS A 9. 82 x 10°m’ 4N 7 FI/R.

2.3

| | | |
FF R A 3.227x105m?
HRIE '

ZE R T

4.209%10°m?
BAAREEN9.82x10°m?
—— HRERT L
—— FRETRT 2

o 9 7 B
7 Xig A BhALEIEGHHMEREELE
Fig. 7 Runoff hydrograph changes before and after site
development of area A

FET Yy A i i ] E AR, 5 R E A 1 2 IR
BT S I i S i >k (9 42 a3 R A 7 48
FR 8 T % W B b 25, DU AR It i i 48 41 58 77 %
Y by g 45 3 T ik J bR, X iR 3 R iR
22.7 mm. FF & AR XL H bR S 16 8 R
S R R R A U R A A B A T T 4 A v
SR TR, DU R AR i H AR EK.
77 %o AF-AZ it o e A T 2R 0 I Y R K AR T AR T 25 AR
5.62 x10*m’.

2.4 FRRIEERBRIEETLTR

SHPRIEIX I A T A g U 6 A K S T i
AN, SR A ST T RR KA T AR B S o
AKF I AT EE B, 558 R G H#AA
SO DX I S VA I S R A T 1B 20 e B i
AW
8.51(1+0.932lg P)

(t+7.347)%°%"
g A T AR B, L/ (s -
TIHREFRE I, a0 I HAT E] , min.

HR 8 DX Sl o PR 3 2 R 28K, X8 A 1l
DXHEE AT X6 1 By bR HE A 50 a. AR HE A 5T X 35
Gy TR /IS A8 L b e g ks (R 45 i, 2 RO
B R O R AL A

t=(0.871LAH "), (2)
Ko L KA BE , my AH SR BIFSY DX 5037 1l
%, m.

5T X 37 B SRR = 7E 140 ~ 570 m, 3755
250 430 m. WKL A BEZY 2 7 000 m, ) A 4
R(2)A

t=(0.871 x7 000° x430")**® =
2 535.8 s =42.26 min.

T AT DA RS 2 B R ARG i ¢

8.51(1 +0.932lg 50)
(42.26 +7.347)%°"

M G AL A 5, dF— 20T i 5 DXl

[ERA =)

q =167 x (1)

hm?) ; P Ry %

H
=330.17 L/(s » hm®).

q =167 x

Q=¢xFxq. (3)
XA Q HEEFR R, m'/s;0 NERWAREGF i
L hm? 5q R GRE L/ (s « hm®).
5, T & (R I R 160. 23 m'/s,
T & e VA I ol 208,99 m’/s. S ARIEIX 35 A ()
TSz AN 206 i 3T Vi s BB ), S b R
J5i 50 a WE{E R A KT IF & w i d 3 H AR, 75 @ik
TR 7K R 5 AL it Xof ¥4 W T ol 1 U 720 i E A T4 1
PHEBEAFUT A S OB MK & TR AR M
YT HRFHE AR



55 B, A UL T A T A AR B DX A Y A 77 -

0.65 b 0.5
V:[ _( e + xn+0.2+1.10) X
.21
log(a +0.3) +070.155] X Q. xt. (4)
n

AP Q A E B EIF B & T R E i) ,
m’/s3b k2 W O S S 8 0 R RN T I, min
a it ZR A WU S I 2 Bt 3 b T K R AT K&
JEEZ .

ST X A BT R KO B B MR Dy
8.78 x 10" m’. X6 F A= Z2 M9, {3 & oA ity ] 25 b v S 4%
HFEAR AR T H 55T 9% L B0t A1) ] 240 55 1)
L PR, AR S H R AR R MK R A R R bR
VE R L4 K T B 5 T 4 T A 2
A A DA B A i 14 4 D P A 1 R AR A IX i
VLRI T R I I 5. 62 x 10 m® (3 25 AL, Rl
F AR LRI A A R E TR AL 2.5 x 10 m’
AR 8 A AR DR IR , R At S B 9 A S T AR 4
B, HUT 2 AR A U 15 B AR 6.6 x 10° m* 1y
P B A ARBI ATt A2 bR 2R X 2R o i 5 Bt , ]
e IER ATR KR R /K A5 b R & B OF
5 SRS A 5.

2.5 @RiREHEH

RS BRAR TS G AR H AR, W 25 T IE H
g N AR T e HE R B er. AR A X
3E [ R b ds ey HeRE o i H R al i, 12 X
SS ¥k 25 A 101.8 t/a ,COD b4 H 75.6 tVa.

DI A DA 3 B A | 5 e 67 4 v 45
()AL, 3% T S Y5 4 0 W R KA A AT, 325 R T 32
YR pRTE Y. DL SS A1 COD M, iF5T X 4k A ARJR] T
HTHTZH ) S BB 25 N 5 Y - ik B Nk 1
7.

F1 R AZBRAETREGREYEHRE
Tab. 1 Average concentrations of pollutants on different

underlying surfaces of built-up area A

A/ Latk SS/ con/
TR S
km? MR (mg-L™") (mg-L°1)
A 1.93 0.85 76.95 58.88
iE % 0.72 0.80 140. 26 95.09
LR, 1.85 0.15 65.31 57.05

WA 1 S HUUE , R IR AR F AR TS 4 6
ff PPAG B 7 15 B B DI A T A e AN R R
STIAF 5 Qe A, AR SR T SS HERCE Y 83.9 Va,
COD HE: g 64.2 Vas il SS HEit N 53.7 Va,
COD HEf il 36. 4 t/a; i SS HEL &M 12 vVa,
COD HERiE N 11 Va. 5 PRIEIX IR A JF K5, HEA

TIE 5 Y G far AN AR HF R BT H S S, XA
PR AR TS G Py 4 i 26 0 a8 2] 32% , BV SS 45 1l &
RIETF 44.4 t/a .COD £ AT 32.5 va. K15
A AR T A P AR AR TR SRR TT % AR
CHFA T R AR B ) 2 95 ey R 3y
25, 65 S Y Wy IR 2 45% , RT AR IX R K
T Y il B br.

3 HE5RE

I AT 8T AT R BB R IK S
PIARFIZ I, $2 T 58 F AR i 32 0 KR AT 3k g 1
TR IREE 25 15t oA 24 T S5 1) i R V8 4 T e A
3, AR SCOP-7 1 A B3 T 3l RUBE
TKAE BRI BT R, T4 I A 2 5 1 2
ARG A, BAR St R - AR SCPAl — i 2l
TE— 7 VA — R 5 VEAR— A5 J5 50T 1 4 Ik
T A 07 AR a3 RO T RS K SR R S AR
AEbR, FEIRT AR, R AR ER RS 1
S RUE IO PRI b o) B L 428 5% v 30 LA VA 40 9k T
W75, A VRS elHE | A o AR v A e
BEER, LW KA RK & KA £ bRl
PRAPRIPI S T RS K SCHE IR I A, Iy B R e I
I GEIR A, R 2 s 1 R B S R
ST R AN BRI

5% Xk

[1]JHUGHES R M, WHITTIER T R, ROHM C M, et al. A regional
framework for establishing recovery criteria [ J ]. Environmental
Management, 1990, 14(5) : 673. DOI. 10. 1007/bf02394717

[2)3FRE. BT AWK L REAMER T[], R
JKFI, 2010(4) : 19
GUO Suoyan. Study on the compensation system for soil erosion and
water loss based on the concept of ecological civilization[ J]. China
Water Resources, 2010(4) : 19

[3]BAILEY R G. Delineation of ecosystem regions[ J]. Environmental
Management, 1983, 7(4) : 365. DOI. 10.1007/BF01866919

(4] EFA. ARRBE AR T]. HERADETY, 2013, 26
(4) . 457
WANG Bingjie. Research on modern watershed management system
[J]. Research of Environmental Sciences, 2013, 26(4) ; 457

(SIS, Xigle, SRS, 5. [E AN B G 2Rk (1],
EAD - WHS5HEL, 2014, 24(163) ;. 175
YING Liwen, LIU Yan, DAI Xingyi, et al. A review of watershed
management system at home and abroad [ J]. China Population
Resources and Environment, 2014, 24(163) ; 175

(6] EFA. MBUEHAIER ., FIE KA REH[T]. HERA0
7%, 2013, 26(4) ;. 452
WANG Bingjie. Research on formations, characteristics and
development trend of watershed management [ J ]. Research of

Environmental Sciences, 2013, 26(4) . 452
(710, 2RI, A, 55, ST 2 RGBS A



78 - iR ETk

PN 53 %

SEME S B EENFEL]. hEKH, 2018(21) : 18
ZHAO Zhongnan, LI Yuanyuan, ZHENG Chaohui, et al. Studies on
concepts and approaches of river ecosystem recovery based on
complex system evolution theory[ J]. China Water Resources, 2018
(21): 18. DOI: 10.3969/j. issn. 1000 —1123.2018.21.015
[8TakFItE, WRAE, Mok, 5. NREGAE R K I TR BOTHE
WD ARIKIT, 2019, 50(1) : 148
ZHANG Lichao, XIE Songhua, YU Ronggang, et al. Discussion on
engineering design of cisterns in small watershed management[ J].
Yangtze River, 2019, 50 (1). 148. DOI. 10. 16232/j. cnki.
1001 -4179.2019.01. 027
[9]SUN Yun, HAO Ruifang, QIAO Jianmin, et al. Function zoning and
spatial management of small watersheds based on ecosystem disservice
bundles[ J]. Journal of Cleaner Production, 2020, 255 120285.
DOI:; 10.1016/j. jclepro. 2020. 120285
[10] B, {0, HL R, FETAR I A fl i gt 5 7
FIrELI]. hiEg kAR, 2009, 25(14) - 6
WANG Jianlong, CHE Wu, YI Hongxing. Low impact development
for urban stormwater and flood control and utilization[ J ]. China
Water & Wastewater, 2009, 25(14) . 6. DOI; 10. 3321/j. issn:
1000 -4602.2009. 14. 002
[LL]9KZRe, Bk, EDEM, 5. 5 p B BT g v 2 ol i g it
BRSNS T[T ], g7k EK, 2018, 34(13) ;135
ZHANG Ailing, GONG Yongwei, YIN Dingkun, et al. Hydrological
effect analysis for sponge city construction in Liyang River watershed
of Jinan, China[J]. China Water & Wastewater, 2018, 34(13)
135
(1238l BT BB iR A i dt e i oe [ D] bt db
HMOl R, 2016
YUAN Yuan. Study on construction of sponge city based on city
waterlogging prevention[ D ]. Beijing: Beijing Forestry University,
2016
(131540, B, ZRar, S5 WAl d Beds i i o 2 JEA M &
Hega BEr01]. P EZGKHK, 2015, 31(8) ;1
CHE Wu, ZHAO Yang, LI Junqgi, et al. Explanation of sponge city
development technical guide: Basic concepts and comprehensive
goals[ J]. China Water & Wastewater, 2015, 31(8) : 1
(142550, AT A2 I G 5 9 B—— LIVE BT DO 2R 4 i
FBRBID]. HE: PALRMEHIRY, 2016
LI Yuchao. Research on the theory and practice of “sponge city” :
Case study on the theory and practice of sponge city in the Xixian
new area[ D]. Yangling: Northwest A & F University, 2016
[ISTRPHE, 20, ke, 2. o R (1 0T BB B %
T[], PEEFRHE, 2016(1) : 79

WU Danjie, ZHAN Shengze, LI Youhua, et al. New trends and
practical research on the sponge cities with Chinese characteristics
[J]. China Soft Science, 2016 (1): 79. DOI. 10. 3969/j. issn.
1002 -9753.2016.01.008

(16 ] AT, Souk, XUT*, S, SRl b K s i ) A o K 28 % a0 A 4
Brid]. %Kk, 2016, 32(10) : 22
CHE Wu, SANG Bin, LIU Yu, et al. Analysis on standards for
urban stormwater management and some problems[ J]. China Water
& Wastewater, 2016, 32(10) ; 22

(17 ). TR o A A 3 Tl K ) R P B AR AR R A 5T
[D]. P KRy, 2012
LEI Yu. Under the urban rainwater control technology system
research based on low-impact development pattern[ D]. Xi’ an:
Chang’ an University, 2012

(18] E# e, FMT, ZEH, . R5E 0 I AR 7K 22 Geth) g G k]
MR ] T EZ KK, 2015, 31(22): 6
WANG Jianlong, WANG Mingyu, CHE Wu, et al. Discussion on
key issues in construction of stormwater drainage system based on
low impact development[ J]. China Water & Wastewater, 2015, 31
(22):6

(19 R, ki, R, & WERE VR AIAR TS YLl 5 F il /Y
SERF PR B BT R [ J]. BRI LAE, 2019, 37(7) . 57
LI Junqgi, ZHANG Zhe, LI Xiaochen, et al. Design procedure for
extended detention facility with peak flow regulation and runoff
pollution control[ J]. Environmental Engineering, 2019, 37(7)
57. DOI: 10.13205/j. hjgc. 201907011

[20] California Division of Highways (CDH). California culvert practice
[M]. Sacramento, CA: Division of Highways, 1960

(21 JIfAE T K 8 2 TR MNE : CB 51174—2017[S]. Jtxt: h
[ 34 i Rk, 2017
Technical code for urban stormwater detention and retention
engineering: GB 51174—2017 [ S].
Press, 2017

[22] rpre AR L0 A 5 A & o 5 30, 9 40 3 7l BB R 45
MR T & K R (RAT) [M]. Jbat: hEER
Tl ik, 2015
Ministry of Housing and Urban-Rural Development of the People’s

Beijing: China Planning

Republic of China. Technical guidelines for sponge city
construction; Low impact development of rainwater system
construction (trial) [ M]. Beijing: China Architecture & Building
Press, 2015

(HmE 1 #)



