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Abstract: Ecological water of Lake Dianchi and its inflowing rivers has been occupied and experiences serious shortage, which is
one of the fundamental causes of serious water pollution with worsening trend and difficult to be constrained. Based on the analysis
of natural-social dualistic water cycles, together with the construction of the water pollution prevention system in the basin, this pa-
per presents a framework of healthy water cycle and takes MIKE BASIN as the simulation platform to integrate lake sewage intercep-
tion, in-lake ecological restoration, lakebed sludge dredging, agricultural non-point sources management, and inflowing river reno-
vation as an organic whole. Centred on the guarantee of residential water, industrial water, irrigation water and ecological water,
joint disposals of multi-source water resources are adopted to meet the water demands of Lake Dianchi and its inflowing rivers. Mo-
reover, function orientation of urban river clarifies the route of sewage treatment and circulating utilization. Taking water balance of
Lake Dianchi as a premise, the tail water of the municipal sewage of Kunming City is supposed to discharge outside the basin as far
as possible. Simulated results indicate that if multi-year average 5.72x10® m* water is transferred to Lake Dianchi, all recycled wa-
ter may be deployed towards the downstream Anning-Fumin industrial corridor as industrial water.
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Fig.1 Methodological framework for joint disposals of multi-source water resources in Lake Dianchi Basin
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Fig.2 Framework for joint disposals of multi-source water resources in Lake Dianchi Basin
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Tab.2 Demand-supply balance of water resources in Lake Dianchi Basin and its associated regions
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Tab.3 Water balance of Lake Dianchi under different scenarios in 2020 target year of planning
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Fig.5 General layout of healthy water cycle in Lake Dianchi Basin
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Fig.6 Simulated results of water level of Lake Dianchi in 2020 target year of planning

188

T BE ORISR , Sl XK K HITE K TR K R IRK AR K A5 JRK B IR S IE B B TR R T
b2 AKAE PR AR FIE 1 1 B 7 58, IO L R B B SRK R IB IR, BB SE S5 ie RAE LN T

1) JHE3 OPR ZE L AT T BE , A 5 355 /KRR 8 A R /KOl T, 7R DR RE S T TS 20U o R YR
Sl FRE K AR FR B SCHE. TR A J BT A8 e, AR i R A ST Y DD REREA 740 2R A B

2) PRBE DAL A 25 KR AT A AR A% AT 55, AR SR BOK P2 A2 25 R BE K 2R Tl AR K PR AR 7K [l b
3 B 77 AU A DR M AT AL ) 2B 25K, e 3 KRR TR BRI i TR A 70.3% . S5 A il B R R T
FEFT G /K E , B PR3 AT A K BAS IR T AR RN K A T 2R 20K, $2 A5 3 2030 4R /K IREIX A 7K
JiH 5.

3) 9 T IR A W75 e S, ST R AR NS e B M, FE K AN IR T AR P 7R S R
PEZR TAREAR SR , Sl FE 7K HAAHE A, A REZERHIIA B K 5 P . 784 RV —H A K TR 2 4E 7 1
LI AN K 5.72 42 m® RTER T, TECAbAK SR I 74 /K dek 0 R 35 W0 /K BESP- 7, AS PR BRI 1T R K I A, Ik
T REK AT AR AMIE. 2030 4F , A VT —JE it b K TR L A i Ty, YR it A 5 K 2l rp 5 K AR A
P, HE AN R AR TR K TRE AR ST R 7Rt il e B R A HE , AN AR

4) 527 Ml 25 R RIATS Joy VR S R U B8R ) P A K IR R T B LRI, R Y
LT R TR R TR A B [ RGO B X, PR R SRR R I, 3o 1A K Bt DSR2, oK B Sk Tl
JEKAMHEE A T Weloe] DX 4 Tl FH A , e i v B T TP A KR 56 080T SR ) A W ek A R A

4 S Ak
[ 1] QinBQ, Gao G, Hu WP et al. Reflections on theory and practice of shallow lake ecosystem restoration. J Lake Sci, 2005,
17(1) : 9-16. DOL: 10.18307/2005.0102. [ Z&ff5ik, @, BALEF-AF. MoK WA LSRG G 5 2Bk IE %5

AR, 2005,17(1) : 9-16.]

[ 2] Yang GS, Ma RH, Zhang L et al. Lake stats, major problems and protection strategy in China. J Lake Sci, 2010, 22(6) :
799-810. DOI: 10.18307/2010.0601. [k, Thoefe, sigas. ol Te B K I 1 4 o oK ) A (0 g i)
Rk, 2010,22(6) : 799-810. ]

[ 3] LiuJH, Qin DY, Wang H et al. Dualistic water cycle pattern and its evolution in Haihe River basin. Chinese Science Bulle-
tin, 2010, 55(16) : 1668-1697.

[ 4] WangH, Jia YW, Yang GY et al. Integrated simulation of the dualistic water cycle and its associated processes in the
Haihe River Basin. Chinese Science Bulletin, 2013, 58(27) . 3297-3311.

[ 5] Qin DY, Lu CY, Liu JH et al. Theoretical framework of dualistic nature-social water cycle. Chinese Science Bulletin,

2014, 59(4/5) . 419-427.



68

[6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

J. Lake Sci. (#ia#F%) ,2018,30(1)

Zhang J, Xiong BY. The implementation strategy for urban healthy water cycle. Journal of Beijing University of Technology
2004, 30(2) ; 185-189. [ kA, AEWb7K. 3T 7K 22 4 g HEAE B Y 2 0t S . bt Tl K A% 224, 2004,30(2)
185-189. ]

Zhang J, Li D. Watershed and urban healthy water cycle strategic planning. Water & Wastewater Engineering, 2008, 34
(5): 136-146. [ 3RS, 24, FUBAIIM (2 FETE PR M ML 241, 257K HEZK , 2008, 34(5) : 136-146. ]

Jia GN, Huang P, Wen C. New strategy on comprehensive water control based on healthy water circulation concept in Pan-
yu district. China Water & Wastewater, 2012, 28(20) ; 20-23. [ B7[HT*, ¥, MR, 5o TBR /KGR B ST 5 X
CEERIORT R RTT . T E 457Kk HlEk, 2012, 28(20) : 20-23.]

Zhang J, Li D. Study on water environment restoration and urban water system healthy circulation. Water & Wastewater En-
gineering, 2008, 34(5) . 136-146. [ KA, 284 /KB S IRTTK REHARIAMT TS, T IE TRRHE, 2008, 34
(5): 136-146. ]

Wang XF, Liu H, Yuan XZ et al. Construction of the urban water environmental pollution control system based on the eco-
logical ideas of water sensitive urban design. Acta Ecologica Sinica, 2016, 36(1) : 30-43. [ T4, X1, = %H4&.
BTG HT BT B3R T K PR A Y R R R AT A28 H, 2016, 36(1) : 30-43. ]

Fryd O, Backhaus A, Birch H et al. Water sensitive urban design retrofits in copenhagen—40% to the sewer, 60% to the
city. Water Science & Technology, 2013, 67(9) . 1-21. DOI. 10.2166/wst.2013.073.

Donofrio J, Kuhn Y, McWalter K et al. Water-sensitive urban design: An emerging model in sustainable design and com-
prehensive water-cycle management. Environmental Practice, 2009, 11(3) ; 179-189.

He J, Xu XM, Yang Y et al. Problems and effects of comprehensive management of water environment in Lake Dianchi. J
Lake Sci, 2015, 27(2) : 195-199. DOI: 10.18307/2015.0201. [ fa[{d:, #xets, MHasds. b /K4S 1A B AL 5
FEAERDE. BAFL, 2015, 27(2) ¢ 195-199.]

Li ZJ, Zhen YX, Zhang DW et al. Impacts of 20-year socio-economic development on aquatic environment of Lake Dian-
chi. J Lake Sci, 2012, 24(6) : 875-882. DOI: 10.18307/2012.0610. [ 251z, #—#r, KA %, EMFIEE 20 4F
TR XK IS I, WAEL, 2012, 24(6) : 875-882.]

Liu Y, Wang Y, Sheng H et al. Quantitative evaluation of lake eutrophication responses under alternative water diversion
scenarios : A water quality modeling based statistical analysis approach. Science of the Total Environment, 2014, 468/469 .
219-227.

Xu XM, Wu X, He J et al. Research on the pollution characteristics of Dianchi watershed (1988-2014) and identification
of countermeasures. J Lake Sci, 2016, 28(3) . 476-484. DOI. 10.18307/2016.0302. [ et , =25, fafE4. M
KT YLRFIE (1988 — 2014 4E) K Biva Xt WIARIE, 2016, 28(3) : 476-484.]

Shi JP, Li X. Water environment carrying capacity in Dianchi Lake basin and its dynamic variation characteristics. Acta
Scientiae Circumstantiae, 2012, 32(7) : 1777-1784. [ A7 &5+, Z50r. LG EUK B R 3R A8 1 S Hsh A28 R E BT
7% REERL2R2AR, 2012, 32(7) . 1777-1784.]

Wang Z, Zou R, Zhu X ez al. Predicting lake water quality responses to load reduction: A three-dimensional modeling ap-
proach for total maximum daily load. Ini J Environ Sci Te, 2014, 11(1/2/3/4) . 423-436.

Wu LQ, Pan YX, Zhu YG et al eds. Rivers and lakes in Yunnan. Kunming; Yunnan Science and Technology Press,
2010: 28-43. [{ASHE, W—5, REFS. @il B SfRHBGEAL, 2010: 28-43.]

Li JX, Liu SK, Li SJ. The simulating and analyzing of the effects of the project Xiyuan Tunnel on the COD,;, concentra-
tions in Dianchi Lake. J Lake Sci, 1998, 10(2) . 78-84. DOI. 10.18307/1998.0213. [ Z=45 75, XUk, 2R 2. Pyl
&I 5 1K TAEXHE B CODy, YSZmI A0 4T AR, 1998, 10(2) : 78-84.]

Mao JZ, Sun YL, He KD et al. Study of water environment improvement effect by Niulan River-Dianchi Lake Water Sup-
plement Project in Waihai area of Dianchi Lake. Water Resources Protection, 2017, 33(2) ; 47-51. [ BEE, $MEF], 51
FORESE. ARV AN K TR AN (K MR BCERCRDF ST . KBTS, 2017, 33(2) : 47-51.]

Zhou J, Wang J, Wang P et al. Wavelet analysis of water quality changes in Dianchi Lake during the past 7a. Procedia
Earth and Planetary Science, 2012, 5. 280-288. DOI; 10.1016/j.proeps.2012.01.048.

Qiu MH, Wang HL. Design scheme of wastewater interception project around Dianchi Lake. China Water & Wastewater
2015, 31(12) : 56-59. [ G WA, EiEFe. SO IR0 TR IR 2. hE % KHEK, 2015, 31(12) .
56-59. ]



B RIS % IRORIRGR L T M Ak R 3 RR B SRR 69

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

Yu Q, Chen Y, Liu Z et al. Longitudinal variations of phytoplankton compositions in lake-to-river systems. Limnologica,
2016, DOI: 10.1016/].1imno.2016.02.007.

Deng W, Chen G, Wang XP et al. Wetland ecological water demand in Lake Dianchi Waihai. Journal of Irrigation and
Drainage, 2016, 35(1): 99-104. [ X5, WRNI, £ 14 M84F. T80 A0 2R 00 b A 25505 K O 50 SRR 25 4,
2016, 35(1): 99-104.]

Li S, He J, Xu XM et al. River regulation in Lake Dianchi basin: development and perspectives. Environmental Science &
Technology, 2016, 39(S1) : 131-136. [ 23k, falf:, fRBEMEAE. T B E HIG L R 5 R E. RIERE 54
A, 2016, 39(S1) : 131-136. ]

Zhang XZ, Jin 7], Kong DP et al. The effect of sewage treatment plant effluent on the water quality of urban river in Dian-
chi watershed ; a case study of Daqing River. Journal of Fudan University; Natural Science, 2014, 53(2) ; 255-259. [ 5k
B, AT, FLEEEAE. TSR AR BT H 7K A R X VA Jul s T3 DX —— KB RS A2 B, 2014,
53(2): 255-259.]

Wu ZF, Li SP, Li W et al. Feasibility analysis of gasification utilization of entropic Lake Dianchi dredged sediment. Jour-
nal of Kunming University of Science and Technology: Natural Science, 2016, 41(1) ; 64-68. [ ZWiZF, Z={F, &%
- EE SRR BRI Ve AR AT AT AT, R T ORE AR HAARIAEAR, 2016, 41(1) : 64-68. ]
Li ZJ, Zhen YX, Zhang DW et al. Analysis of reclaimed water resources utilization characteristics and benefits in the Dian-
chi Lake Basin. Environmental Science & Technology, 2016, 35(3); 12-17. [ 2=y, E—r, SRR 4. JE b 7

AR BHBEBUIR A HRE B85 04T, BRI A2 R, 2016, 35(3) : 12-17.]

Findlay SJ, Taylor MP. Why rehabilitate urban river systems? Area, 2006, 38(3) . 312-325.

You JJ, Gan H, Wang H et al. SimulatiPon of water resources system based on rules. Journal of Hydraulic Engineering ,
2005, 36(9) : 1043-1056. [ 7=, ik, TS 5T LN AR B IR & G L K R 27 4, 2005, 36 (9) :
1043-1056. ]

Reitsma RF, Carron JC. Object-oriented simulation and evaluation of river basin operations. Journal of Geographic Informa-
tion and Decision Analysis, 1997, 1(1) . 9-24.

Gu SX, Li YH, He DM et al. Watershed water resources three-allocation based on MIKE BASIN. Journal of Water Re-
sources & Water Engineering, 2007, 18(1) ; 5-10. [ Jii{lt+f:, Z=ucte, [ B %E. DL MIKE BASIN S2 80 UK B =
TR A, KBTI 5K TR, 2007, 18(1) : 5-10.]

Jha MK, Das GA. Application of Mike Basin for water management strategies in a watershed. Water International, 2003,
28(1) . 27-35.

Liu Y, Guo HC, Zhou F et al. Role of water level fluctuation on aquatic vegetation in lakes. Acta Ecologica Sinica, 2006,
26(9): 3117-3126. [ X7k, FWVRRL, J& F55. W K ALAE Bt 7K A AR 9 00 5% i AL 3R K L 4 O vk, AR S 544,
2006, 26(9) : 3117-3126.]



