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Tab.1 Relationship between stream rise and Chinese

carps seedling seasons in Jianli section of the Yangtze River

4 ok ok KA ok gkt iR 1N = I i i
By B mbE EE/mo EEE M WK it/ U7

1997 05-09~05-21 13 27.34~30.51 3.17 8 850~15 100 05-20~05-24 156 674
06-06~06-15 10  28.13~3L.60 3.47 9 900~20 200 06-11~06-14 11 819
1998 05-01~05-15 15  25.58~30.86 5.28 5 320~14 800 05-14~05-31 72 176
06-06~06-30 25  28.69~35.61 6.92 9 300~24 600 06-11~06-27 191 527
1999 05-16~05-26 11 ~ 27.67~30.78 3.11 9 200~14 200 05-18~05-31 73 131
06-06~06-11 6 29.99~30.72 0.73 10 400~15 700 06-10~06-20 34 798
06-17~06-30 14  30.38~34.43 4.05 13 700~30 600 06-23~06-30 85 077
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Tab. 2 The critical flow of Datong Station and
Yichang Station (October-April next year) considering

controlling saltwater intrusion

A kiﬁﬁﬁ H B v E%ﬁﬁ
/(m* s h /KA /% /(m® s )
10 21 000 58 12 180
11 15 000 46 6 900
12 11 000 49 5 390
1 11 000 40 4 400
2 11 000 34 3740
3 11 000 28 3080
4 11 000 28 3080
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Tab.3 Appropriate ecological flow process

of Yichang Station m®/s

oy BN RWA WREG TEH W A
Tk @REH EMER TSR B AW
1 4 989 4 400 5 000 5 000
2 4 548 3 740 5 000 5 000
3 5 458 3 080 5 000 5 458
4 8 613 3 080 11 000 5000 11 000
5 11 884 11 000 5000 11 884
6 13 570 11 000 5000 13570
7 22 240 11 000 5000 22 240
8 19 845 5000 19 845
9 18 143 5000 18 143
10 19 593 12 180 12 000 5000 19 593
11 10 382 6 900 12 000 5000 12 000
12 5970 5 390 5 000 5970
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Tab.4 Water level restrictions of Three Gorges Reservoir
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Fig. 1

Non-inferior solutions of the model optimization
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Tab.5 20 representative non-inferior solutions of

the selected dry, normal and wet years
HtiZkAE PR AE FKAE
s BAERKAE S kW BHERRA R BHEKE
WOOBBUkE/ B BEukE/ % B BEUkE/%
1 80L70 23.80 901.18 13.69 997. 06 11.12
2 807.59 25.21 902.43 14.40 999. 82 12.66
3 812.83 26.71 903. 70 15.15 1 001.00 13.36
1 816.09 27.77 905. 11 15.98 100230 14.14
5  818.46 28.81 906. 42 17.00 1 003.50 14.90
6
7
8
9

820. 34 29.78 907. 68 18.06 1 004. 60 15. 61

821.93 30. 88 909. 87 20.03 1 005.80 16.41

823.33 31.81 911. 10 21.19 1 006. 70 17.47

824. 74 32.79 912.18 22.32 1 007. 80 18. 56
10 825.92 33.83 913. 23 23.50 1 008.70 19.59
11 827.22 34.99 914. 37 24.74 1 009. 40 21.30
12 828.41 36. 25 915. 51 26. 03 1 .009. 90 23.18
13 830.16 38.94 916. 58 27.30 1 010.40 25.28
14 830.90 40. 31 917.09 29. 39 1 010.70 27.50
15 831.60 41. 64 917.43 31.83 1 011.10 29. 82
16 832.28 42.92 917.74 34.10 1 011.30 32.09
17 833.03 44. 38 918.07 36.51 1 011. 60 34.82
18 833.74 45.72 918. 39 38.95 1 011. 90 37.09
19 834.51 47.22 918.70 41,42 1012.20 39. 87
20 835.19 48. 56 918. 94 43. 36 1 012.50 42.27
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Tab. 6 Water shortage rates of the monthly ecological flow

under the optimal schemes in the typical years %

Ay AKAE KRR FEKRE| A AKE FKRE FKRE
1 7.57 820 1.00 7 8. 27 0 0
2 9.03 21.00 16.20 8 0 0 0
3 23.60 26.90 21.30 9 0 0 0
4 34.99 29.39 21.30 10 34.97 27.64 19.98
5 0 0 0 11 34.89 0 10. 00
6 0 0 0 12 22.23 0 0
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Fig.2 Monthly reservoir water level and discharge

under the optimal schemes in the typical years
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Multi-objective Optimization of Three Gorges Reservoir

Based on Ecological Flow Constraints
JIANG Ding—guol ,KE Yun’ ,MAO Jing-giao® , ZHANG Pei-pei’ , GONG Yi-qing’
(1. China Three Gorges Corporation, Wuhan 430010, China; 2. PowerChina Northwest Engineering Corporation Limited,
Xi’an 710065, China; 3. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: Exerting huge economic and social benefits, the construction and operation of water conservancy projects
have an impact on the ecological environment of upstream and downstream reaches. However, it is also an effective way
to regulate and improve the ecological environment by rationally optimizing the water storage and release process of the
reservoir and carrying out targeted ecological management of the reservoir. From the perspective of ecological flow con-
straints, through data investigation and analysis, the appropriate flow ranges of the Yangtze River main stream conducive
to the natural reproduction of the four major Chinese carps, Chinese sturgeon and the control of estuary salt tide intrusion
were determined. Then, the optimal scheduling model of the Three Gorges Reservoir was established considering the
downstream ecological flow constraints. Multi-objective reservoir ecological dispatching model is emphasized. The results
show that the ecological flow of the lower reaches of the Three Gorges Reservoir was basically guaranteed during the wet
season from May to September, but the ecological water shortage was prone to occur in different degrees in other sea-
sons, especially in the dry years. For the optimal scheduling, the power generation and the monthly maximum ecological
water shortage rate showed a positive relationship, indicating that the two scheduling objectives could not reach the opti-
mum simultaneously. The power generation of the optimal scheduling in a typical dry year was between 80. 2 billion and
83. 5 billion kW ¢ h, and the monthly maximum ecological water shortage rate was between 24 % and 48%. The optimal
scheme obtained by multi-objective dispatching can basically coordinate the ecological and power generation needs. On the
basis of the downstream ecological flow needs, the power generation benefits increases by 4. 07 % compared to the design
scheme.

Key words: ecological flow; multi-objective optimization; Three Gorges Reservoir; ecological operation





