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Fig. 6 Spatial distributions of flow field under different schemes
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Fig. 8 Spatial distributions of NH:-N concentration 20 days later after the diversion under different schemes
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Fig. 9 Spatial distributions of TN concentration 20 days later after the diversion under different schemes
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Fig. 10 Spatial distributions of TP concentration 20 days later after the diversion under different schemes
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Tab. 6 Benefits and investments under different schemes

FE AUk ms) 5 (ko) GERGEOTT) EARACTIT) S OT )
NHs-N TN TP

EAVING) - 133821.2  212388.9 18383.1 - - -

Ty — 40 119334.1 174779.1 14984.7 203.33 117.50 85.83
HE— 40 122782.3 167619.4 16223.4 193.62 117.50 76.11
HE= 80 107856.8 144923.0 13418.5 355.11 235.01 120.11
FFEN 40 119391.0 165971.8 14044.5 234.05 117.50 116.54
VESN 80 105319.4 143262.0 11252.8 390.99 235.01 155.98

RT BEBAREATMGS

Tab. 7 Comprehensive evaluation results of five schemes

KBTI FE bR IKBTEAN bR A THERR
I SEHFE(mAs) TR X (%) AR TR () WEEARLIREL s (J100)
NHa-N TN P
VE S 0.0051 29.9 2.85 12.66 13.57 0.114 85.83
TR 0.0056 24.8 10.61 20.19 19.68 0.196 76.11
FER= 0.0079 237 13.88 26.13 27.46 0.271 120.11
ESL 0.0084 23.0 14.23 21.61 19.9 0.213 116.54

UESR 0.0087 21.6 16.78 28.02 26.62 0.281 155.98




126 Mo B 22 i 734

BB i MIs AT IA , T5 5 Ryl s feok, U5 58 T RERS A1 R B K 5 1K 3%
fio HITRIBEMSRE Y] . BFEW . R, B S NINAE R, Eid MR
FIERFWIHEETIK, RN P 6 SR K 3 MK BT R P, SEH0r 2 hoh i
(ESUSTWIESS

6 ZEieSihie

ARSI A i T AR IR S K BB A8, R TR B 7 58 R b T i
K S S FOK BT TSR, FHESL ARSI o K BRI S 2 5 S E A P8 R 5
IR A R 7K B MUK B8 1 DL BEAT 23 VA, PG ik mI D4 T I i 1 7 56
A E R Bt —E RS H IR

(1) {3034 i A R R SV W o, AR TR 79 S B B BRI, AT
A RCHRESIA AR IR . 51K 0~10K, WIAZK S UK BORGUAT B 2 25 ks, R 5|
KT, BEE IR B, OB TRGE, X5 Z AT aiie—sm =,

(2) TLARTT R ERE PG R AT AR Y, J7 38— M5 58 20 i W ZR I A e 5] 51
K, o3 B R A AN K B T ROK R AR, XA R /N . O 5 LRIk A
ARIIFRTWITIK, Bl . mWl ., BN INAE R, 5K K X 8
AN, IR BCEERCR R, HARES R RR IS UK 4, e BOZ T o @ 5. it
IStk AR D, BESSAT SOt WA K AR S, TTGE WK BREER DL .

(3) AT A TR A5 WAl 12 M) BARTT ST W66 AT 1ot , RS W s brifek
RIS KR, ORI R A TG T KA B E A L, X MOTETIA 5
7R, N AR R0 G R AT g Ab B bR A B S K s AT B 2
FIAREERAR], B BRI, ASGE D R AR s R R 5 K
AT, ST G KRBT S BRI Dk, N Is T R YT SR T TSR Y
HE

(4) AT 730 23 OB WA AR AR I T S B A8 R B DI RS2 7K A A 0 1 A 0 3
i, XPKAAEY) . PRWERLY . PRIESh . SRS AR A d2 A M2 e ) A R B i
I —RE R, AES R RIBETE A, Al AE G K AR RIS 5 IR IIA Kl 71 . K JBRIK
B TER AR

(5) ThTil1 7K 2 i3 M 8 B A T e fd R LA R i s /K W EURI P 8 — A B AR B iy
JK 2 A P S L R BRI K AR R RSP A S, LRI SR A A [ AR
REJT, SEELMIARY R AMRRRISE AR, BB RUKIEIRAIZEE HAR . TETT )i 158 T
PRI BRI A TGS . RSB E ARG B, LK B A i g WA K AR SR
HI

£ % 307k (References)

[1] Tan Feifan, Wang Haiyun, Xiao Weihua, et al. Talk about lakes present situation and existing problems and
countermeasure thought in China. Water Conservancy Science and Technology and Economy, 2012, 18(4): 57-60. [1F &
WL, EilFz, MR, 55 IR E IR FIAALE R (R R H 5% KRB 5 445, 2012, 18(4): 57-60.]

[2] Chen Xiaojiang. Eutrophication status and monitoring of urban lakes in China. Science & Technology Information, 2010
(): 416, 465. [PRIVEIT. TR [FBL T WIH & & IR HLARDL S . L% 15, 2010(5): 416, 465.]

[3] Cui Guotao, Zuo Qiting, Dou Ming. Development evolution and influences of the interconnected river system network
at home and abroad. South-to-North Water Diversion and Water Science & Technology, 2011(4): 73-76. [#: [, A H:



1 i D ST KEREE MR R T IR 7 5 127

5, SEW. PN ANTIEIZK R T TR A S . pE KL 5K RIRH, 2011(4): 73-76.]

[4] Li Zongli, Li Yuanyuan, Wang Zhonggen, et al. Research on interconnected river system network: Conceptual
framework. Journal of Natural Resources, 2011, 26(3): 513-522. [Z=5540, 2R 0, T AR, 4.yl /K R EmF5T:
HERL. AR IR, 2011, 26(3): 513-522.]

[5] Kang Ling, Guo Xiaoming, Wang Xueli. Study on water diversion schemes of large urban lake group. Journal of
Hydroelectric Engineering, 2012(3): 65-69. [FE¥, M, T 2557, KR T WA HES KM BRI, 7K & i 2
i, 2012(3): 65-69.]

[6] Xie Xingyong, Qian Xin, Zhang Yuchao. Effect on water quality of chaohu lake with the water transfer project from
Yangtze River//International Conference on Bioinformatics and Biomedical Engineering. IEEE, 2009: 1-4.

[7] Chen Zhentao, Hua Lei, Jin Qiannan. Assessing the efficacy of water diversion to improve water quality in city river
network. Journal of Yangtze River Scientific Research Institute, 2015(7): 45-51. [MIE%, 18 %5, 4. 51K
7 D K STERICR PG 5. KT R4 BE i, 2015(7): 45-51.]

[8] Li Yiping, Acharya Kumud, Yu Zhongbo. Modeling impacts of Yangtze River water transfer on water ages in Lake
Taihu, China. Ecological Engineering, 2011, 37(2): 325-334.

[9] Li Yiping, Tang Chunyan, Wang Chao, et al. Assessing and modeling impacts of different inter-basin water transfer
routes on Lake Taihu and the Yangtze River, China. Ecological Engineering, 2013, 60(11): 399-413.

[10] Lu Xuchuan, Li Yiping, Huang Dongging, et al. Study on water diversion schemes for improvement of hydrodynamics
in plain river network. Water Resources and Power, 2015, 33(4): 93-95, 138. [5 2§ )11, 25—, 455, 45, S IR W 3
IRBIHK B SEERCR /0. K HLRBIERL2#, 2015, 33(4): 93-95, 138.]

[11] Liu Jiaming, Zhang Yanjun, Song Xingyuan, et al. Optimal discharge of pollution flushing in an interconnected river-
lake network: A case study of Lake Cihu, Hubei Province. Journal of Lake Sciences, 2014, 26(5): 671-681. [XIJ{£M, 5k
7, RALJEL A5 TEWNAE 5 R AR LS KR ST: AIIERES) ). 1A, 2014, 26(5): 671-681.]

[12] Xie Lili, Liu Xia, Huang Cheng, et al. Applications and effects of river-lake connectivity to urban river harnessing in
Chaozhou city. Guangdon water Rerources and Hydropower, 2015(10): 8-11. [ #i, X &%, wifs, . Wik Xk &
I B R T3 38y B8 SR VAN, T AR KK HL, 2015(10): 8-11.]

[13] Cui Guotao, Zuo Qiting, Li Zongli, et al. Analysis of function and adaptability for interconnected river system network.
Water Resources and Power, 2012, 30(2): 1-5. [E [E#F, 2552, 225240, S5, NIk 8% 0 T 6 S 3 W o #r. 7K
fiediRl2#, 2012, 30(2): 1-5.]

[14] Chu Junying, Qin Dayong, Wang Hao, et al. Simulation of lake water environment trends in Tangxun Lake of Wuhan
under rainfall uncertainty. China Environmental Science, 2009, 29(9): 955-961. [## 3%, Z& )i, T35, 4%, iUz
AR IR A AU, v [ R, 2009, 29(9): 955-961.]

[15] Yang Huadong, Yuan Weihua, Ouyang Xuejun, et al. Current situation and countermeasures on the eutrophication of the
Tangxun lake in Wuhan city. Journal of Water Resources & Water Engineering, 2009, 20(4): 34-38. [#5E 4%, = AH1E, Rk
PR, A5, IO 3t WK M 8 R AL IR B HXT SR AT, 7K B 57K T AR 4R, 2009, 20(4): 34-38.]

[16] Wuhan Municipal Water Authority. Wuhan Water Resources Bulletin. 2011-2016. [#73 17 7Kk 45 J&. i3 7 7K %R 2%
2. 2011-2016.]

[17] Zhang Yanjun, Jha Manoj, Gu Roy et al. A DEM-based parallel computing hydrodynamic and transport model. River
Research and Applications, 2012, 28(5): 647-658.

[18] Zhang Yanjun, Luo Wensheng, Lei Alin, et al. Arithmetic research of water quantity and quality model based on DEM.
Engineering Journal of Wuhan University, 2008(5): 45-49. [3KHi 4%, #fE S, B BIAK, 55, 2T DEM 4 7K it 7K i A 784
Bk, BRI 2E R (T24R), 2008(5): 45-49.]

[19] Zhai Shuhua, Zhang Hongju, Hu Weiping, et al. Evaluation on result of Yangtze- Taihu water diversion. China Water
Resources, 2008(1): 21-23. [ MU4E, SRELAS, TALAET, 55, SIVLH RIRKRSCR AR, Hh E KR, 2008(1): 21-23.]

[20] Tan Yarong, Zheng Shaofeng. Study on the method of determining unit cost of environmental pollutants. Productivity
Research, 2007(24): 52-53. [V 5, K/DEE. BT e A 1A BUS A 2 10 5 SR 9. 4277 Jififf5E, 2007(24): 52-53.]

[21] Jiang Mengwei. China's sewage charges is only 1/30 of environmental management investment. Beijing Business
Today, 2014-04-08(002). [ 2 fk. F& EHET5 W2 UM FREEIA TR A 1/30. JL 5T HiR, 2014-04-08(002).]

[22] Measures for the Administration of Expropriation of Sewage Charge. Guangxi Energy Saving, 2003(3): 1-6. [HEi5 %21
ARG I, P61 BE, 2003(3): 1-6.]

[23] Notice on relevant issues concerning adjustment of expropriation of sewage charge. Green Finance and Accounting,
2014(10): 37-38. [J& T IR HETS SRAEISCRRE A3 DI Y38 5. 2 (214 25, 2014(10): 37-38.]



128 Mo B 2z 4R 734

[24] Wang Hao, Qin Dayong, Xiao Weihua, et al. Study on the Key Technology of Environmental Carrying Capacity and
Water Pollution Control in Tangxun Lake Watershed. Beijing: Science Press, 2012. [ i, Z6 K, 4 H5%E, 45, 170 1H)
WIS e SIS K5 YR DGR R BT, dbat: Bl ik, 2012.]

[25] Zhang Yilong, Wang Hongwu, Qin Yuhan, et al. Review of urban surface runoff calculation method and relevant
models. Sichuan Environment, 2015, 34(1): 113-119. [3k—Ji, FLLR, ZEiFHA, 55, Wi M5 0r ik R
TIRFFE RS, DU )1 BREE, 2015, 34(1): 113-119.]

[26] Bi Sheng. Study on numerical simulations of hydrodynamics and pollutant transport in river and shallow lakes [D].
Wuhan: Huazhong University of Science and Technology, 2014. [X&Ji:. 13 -5 /K WIVA K AR L K 35 Y b iz
HUEERFFE[D]. R A RHE K, 2014.]

[27] Liu Bojuan, Deng Qiuliang, Zou Chaowang. Study on necessity of project construction for connecting rivers and lakes.
Yangtze River, 2014(16): 5-6. [XI{A48, XBHk KL, AR5, Tk 223438 T AR B ERFS. NI, 2014(16): 5-6.]

[28] Xia Jun, Gao Yang, Zuo Qiting, et al. Characteristics of interconnected rivers system and its ecological effects on water
environment. Progress in Geography, 2012, 31(1): 26-31. [K 42, 47, 2o Hiss, 25, Il ik 28 730 A e Ho A B, iy 1t
BlofEE, 2012, 31(1): 26-31.]

[29] Wu Daoxi, Huang Siping. Study on the index system of healthy Yangtze River. Express Water Resources & Hydropower
Information, 2007, 28(12): 1-3. [l 7, F#ECF. R ICTLIRFRMA R IF5E. AKFK LR, 2007, 28(12): 1-3.]

Interconnected river system network scheme of urban lake group
based on water environment improvement

YANG Wei', ZHANG Liping"?, LI Zongli®, ZHANG Yanjun', XIAO Yi', XIA Jun'
(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan
430072, China; 2. Huanggang Normal University, Huanggang 438000, Hubei, China; 3. General Institute of
Water Resources and Hydropower Planning and Design, Ministry of Water Resources, Beijing 100120, China)

Abstract: The Interconnected River System Network (IRSN), which plays a significant role in
water resource allocation, water ecological restoration and water quality improvement, has
become a key part of the urban lake management. The optimization of IRSN scheme and the
evaluation of IRSN effects have a direct influence on the improvement of hydrodynamics and
water quality. However, no comprehensive evaluation system has been built up to evaluate the
hydrodynamics and water quality of the connected lakes. In this paper, a two- dimensional
mathematical hydrodynamics and water quality model was built, and indexes including NH;-N,
TN and TP were chosen as the water quality indexes to simulate the flow field and water
quality of the Tangxun Lake group under different IRSN schemes. In addition, a comprehensive
evaluation system based on evaluation indexes from the aspects of water hydrodynamics, water
quality and socioeconomics was established to evaluate the IRSN effects of the Tangxun Lake
group. The results showed that the fluidity of lakes improved greatly after the water diversion.
The IRSN project can improve water quality of the lakes in a short time, while the
improvement rate decreased gradually as the water diversion time increased. The comparison
of these five schemes mentioned in this paper indicated that the fifth scheme (concurrent
diversion from Donghu Lake and Liangzi Lake) can achieve the most obvious improvement in
both hydrodynamics and water quality and generate the most economic benefits.

Keywords: Interconnected River System Network (IRSN); hydrodynamics and water quality
model; water environment improvement; scheme evaluation; Tangxun Lake group



