20 4 5 10
2022 4F 2 A

B KL 5 K F B Crprse 30O
South-to-North Water Transfers and Water Science &. Technology

Vol.20 No. 1
Feb. 2022

DOI:10. 13476/j. cnki. nsbdak. 2022. 0008

XK s TR aRAIAR L 45 /K AG IR AR A2 7K DI T W9 AR AV g 4300 LT . Rk AL IR 5K FIBH (h g 30) , 2022, 20(1) - 70-
78. LIU ] H,WANG J,SHAO W W, et al. Assessment of potential rainwater use in urban areas of reception basins of South-to-
North Water Diversion Project[J]. South-to-North Water Transfers and Water Science & Technology,2022,20(1):70-78. (in

Chinese)

EAKICEAIRERZKRIBTRAKF BB ISR

XVEED?, BAED BB A AR

(L K AR R B2 B e I K AR BRSS9 e 5K T i S 30 2 L JE At 1000385
2. KRR 28 A A A S B 3L JE AT 100038)

TAE 75 IS P AU AR ACRR R4 PRI AT 20 BT G 1T o A Tt DX 0 G v X 3 26 AT 20 i A B0l /s Y Sk T 1
FRZK G TR FH K- o 0 DRI 30 T kA A FH R AR 1 A 7K By L 49 s 22 T 3ol vl A B2 0 4 268 v i K B R TR
AR PR 2K X 60 ANk 2018 AR R AR L P AR KPS R KGR TR A2 7K DXl R K R Y
153 6. 1942 4. TUALHN 3. 27 4L m o 25 BEREK AN S P L I TSP 2K AR (P=5020) iliZK AR (P=T7504) V¢
HAF (P=9520) 52K DX 3T A R K SR A . DALt SR A7 M U o B A3 vl oA 2, 343 B g 7k b
AR 32K DX IR i W KR FH B P GRAIE A 240 45. 990 LA Tl i ok ARAUER i 255K

SRSREAAD < e KALIA TAR s WA P 7 s W Tl 5 (HK PRAIESR 5 Ak SCHAR

hESFESTVI2S XERFRERES A

TEARR AL N PR BB T 5 - B K
SCEAFE R T S BUGBL  STh  AT
[V AIHAF- o — 7 180 PR TR 2 R 3 BTl P 8 9 7K
WL T T T S 3T T I K B R e e R 2 X
0o IRk R L R ORI T R K SR A A A
SR KR B 2021 4E 5 14 H
UV R ASICAEHEDE R K AL 3 J S R e o A R A
Rex EAR I B IR R R S R KA 32K XY
ARAS B, b v 30 ) PR SR T R /K U
BRATHTIAGA S 1 B BN A R R KL RS
2 TREABOEIE T 25 IR I G M 2 —

ST R KA 7 2R A DG Y BOR Y L BIOR
g HFFEAE R A2 B T2 O R IR
K FE PRI ST AR S R B A
LERIRRE L . MARE W R AR A 5
A EBALEE A AT - 1 1) AN ] K SR AT A 48 B
ATAT Y F AL B AR B4 Costa 4500 4542 1

I B #A:2021-12-31 f&E B3 :2022-01-06

FFAR (BFRAR S ) 755 (OSID) :

I PR s T B a2 R 7K A Ah B 9 L K A iy
JEFEAR AT LA S B PG 4 TR K R FE A o 5 R KR
J R B R AL B AR 0 Kim S 42 7
SRBE T K ISR I 28 B AR 5 12 5 TR KR P Vs 0 P A
R 1) 0 v 0 0 ST 2R DL AR AR AR R AR
HEE Almeida %5 Kanno 5514 &1 X A ] ()
ST B R X 0 S 1 KA T 7 B AR AR A
D7 s AT R A IR A T 1 A0, Ho,
PRAT 30T TR AR VS 0 A5 12k 22 R R K S
IK B ARV 45 5] B4 TR K AT BE WA B A T
HARTT AR L/ ok K i, R PR 5 21 1% A fig
BRI T B K S K . Ry T S TE S
TR eI 7 s AAE 7850 7% 5 3% 7K IX 3k 7 T 7K )
FRYRTAR T  BHF IS B /K AC T8 IS 22 TR A 98 K 40
B, AT IR AIE 3 M T 40 30k T ek 182 3K 7K B VR Y
FIFZKF K H S bR AR M 3T A Sk K E 9 Ry 22
TERTAT I FE b, 418 0 5 7 /K b R TR 32 K X Tl

[ & tH AR B 18] : 2022-01-07

) 2% H ARk - https: //kns. cnki. net/kems/detail /13, 1430. TV. 20220107. 0939. 002. html
EEWE : EHE ERBEEAT H (51739011551979285) 5 [ 52 T 5 50864 3 4 (SKL2022TS11)
PEB R RN (1977 B 1AL HE N IE R 9 LRI , 3222 NF 3 1T /K SCF 5, E-mail: linjh@iwhr. com

70 ¢ HARNMALSLIEZAETLALSEARKALL



XNKE % EACTE A LA KW T AF R 247

KR 7o
1 R mkF AR

VAR SR T S T K ERAN A R A TR 4
FIFIE . 20152016 4F 4 [E SLaf 2 5 — AL A&
T 30 N ER LRI A iR, 2021 AR
KL T 20 P RGAL I EA kT SR
TR HE S AR Tl B o B B . IR
X T3 I A UR A B D — Fh RS Y L 2%
BRI P 38 i 22 Tl 405 V0 1 S %o 3 T UK S
IR T RO AT, LB KGR K IR KR

B IKERTHGE SRR,

BRI RN K B B IR AL PR Vi 4 3k o 2% R A A
18— 00 S (A LR R AR b 824 T K B DA 2
FAI » A S0 D 3 B R R B K L - K 5E
VR ER A T o TR SR T TR K B IR P O T ) 78 9
PARZAHET B E 2200 WA, P /K AL I8 32 /K 3T
L JURT RS DR V5 VR EE DY EETIX 6 4 [
RO T . E 20l Tk, il 6
AN T T A K R B SRVl 41 5 S5 SCHR PR I
IR M 3RAT 1 R K AL TR A2 K X T 4 Tl
FRZK S IR A FHELR , W2 1.

F1 BEAEBEIEZARTAZTEFRBRK

Tab. 1 Current situation of rainwater utilization in reception basins of SNWDP
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Tab. 2 The build-up area and precipitation of cites in reception basins of SNWDP
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Tab. 3 The sponge pilot cites in central and eastern China
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Tab.5 Potential rainwater use of cities in reception basins of SNWDP(medium level)
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Tab.5 (Continued)
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Fig. 2 Potential rainwater use of sponge cities in reception basins of SNWDP
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Tab. 6 Summary of potential rainwater use of sponge cities

in Beijing-Tianjin-Hebei region provinces

2 T R R KR 7 /42 o

FORFLZIKIX
7K ik fiRokF
e 0. 50 0. 39 0.28
denit 0. 68 0.53 0. 39
KT 0. 48 0. 37 0. 27
At 1. 66 1.29 0. 94




XNKE % EACTE A LA KW T AF R 247

KT K& PE ALZIKETRAZTEARESN

Tab. 7 Summary of potential rainwater use of cities
in reception basins of SNWDP
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Tab. 8 Potential rainwater use of cities in reception basins of

SNWDP considering hydrologic uncertainty(medium level)
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Fig. 3 The diagrams of rainwater guarantee rate from 1970 to 2020 for sampled cities
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Assessment of potential rainwater use in urban areas of reception
basins of South-to-North Water Diversion Project
LIU Jiahong"? ,WANG Jia'? , SHAO Weiwei' ,SU Xin' , DU Xiaohe'
(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin ,China Institute of
Water Resources and Hydropower Research , Beijing 100038 ,China;2. Key Laboratory of River Basin

Digital Twinning of Ministry of Water Resources,Beijing 100038 ,China)
Abstract: The extreme hydrological events such as storms and droughts are sharply increasing, which leads to the coexistence of
urban floods and drought. Scientific control of urban rain and flood process is the frontier and hot spot of urban hydrology. Rain-
water utilization is one of the important means to alleviate urban waterlogging,and also a key issue to determine the water diver-
sion scale of the subsequent South-to-North Water Diversion Project (SNWDP). It is very necessary to assess the potential of
urban rainwater use in the reception basins of SNWDP.

The rainwater utilization levels of sponge pilot cities were investigated and analyzed, considering the geographical climate
and precipitation characteristics in central-eastern and western China. The two different indicators "Proportion of Tap Water
that replaced by rainwater water (PTW)", and "Proportion of Rain Water that used by human beings (PRW)" are used to
quantify the rainwater water utilization levels in sponge cities. The conversion formula was put forward to unify the two indica-
tors as PTW. Considering the economic and technical feasibility, the upper, lower threshold, and an average of PTW in the
central-eastern and western regions were calculated. The uncertainty of urban rainwater utilization and the guaranteed rate of
rainwater supply were quantified based on the hydrological frequency analysis method.

The potential rainwater use was calculated based on the datasets of year 2018. The result is 620 million m*, 470 million m®
and 326 million m® for high, medium and low utilization levels, respectively. Based on the hydrological series from 1970 to 2020,
the potential utilization of rainwater resources is 466 million m?, 389 million m* and 282 million m* for a normal year (P=
50%) ,dry year (P=75%) ,and extreme dry year (P=95%) ,respectively. Taking Beijing, Tianjin, Shijiazhuang, Jinan, Taiyuan
as sample cities, the guaranteed rate of rainwater utilization was obtained, which were 45.1%,51.0%.41.2%.,45.1%,47.1%.,
respectively, with an average rate of 45. 9%. The average rate is far lower than the requirement of the urban water supply guar-
antee rate.

The potential urban rainwater use is quite small compared with the total demand capacity of subsequent projects of
SNWDP. Due to the randomness of precipitation, the rainwater use has the characteristics of high uncertainty, low guarantee
rate and great interannual variation. The rainwater is suitable as a supplementary water source for the city, instead of serving as
a stable water supply.

Key words: South-to-North Water Diversion Project; potential rainwater use; sponge city; guarantee rate of water supply; hydro-

logic frequency
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