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Fig. 1 Illustration depicting the arrangement of cascade hydropower plants along the middle and
lower segments of the Yalong River
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Tab. 1 Primary features of cascade hydropower plants situated in the middle and lower reaches of the Yalong River
KP4 TR EWE B PETHUBR FEAKAL/ IEHEARMLT PR/ iRE] MR/ ZAET-Hy R

KA /m JKAE/m m JERNLm® fZm? ;s JTkW ({ZkW-h)
P 1 2865 2 845.90 2785 101.54 65.60 EZeS 300 110.62
Wb 2094 2090 4.56 H 150 68.74
R —2) 1880 1 859.00 1 800 77.60 49.10 4 360 166.20
HRBE 2 1 646 1 640 0.14 H 480 242.30
B 1330 1328 7.29 H 240 111.29
"t/ 1200 1 190.00 1155 57.90 33.70 E= 330 170.00
il F- 1015 1012 0.72 H 60 29.75
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Tab. 2 The criteria utilized for computing ecological flow using the RVMF
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Fig. 2 Establishing the minimum, fair, and optimum ecological flow regimes at key control sections
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Tab. 3 Calculating the yearly power generation from cascade hydropower plants, considering

varying ecological flow demands across three representative years Hp7: ACKW-h
FIKAF FIKARE Hik4E
H 3
e/ BTNEN fefk: e/l STNEN fefk: 52N STHEN et
P 153.51 152.61 153.73 115.81 115.96 118.82 88.20 89.09 91.51
720 85.93 85.22 84.21 69.95 69.95 69.95 54.42 54.42 54.42
R 226.86 224.57 221.98 200.68 200.83 190.15 164.39 166.65 169.66
i) 315.89 252.24 131.28 254.68 185.92 68.96 199.69 130.38 60.74
HHL 144.03 144.15 139.55 122.12 122.24 122.02 103.18 103.13 102.88
i 226.43 227.66 222.92 202.54 205.29 187.16 168.31 169.38 167.64
Al ¥k 33.66 33.67 33.60 28.50 28.54 28.44 24.86 24.83 24.64
i 1186.31 1120.11 987.28 994.28 928.73 785.48 803.06 737.88 671.49
(Sl I PEYA b T o
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Fig. 3 Power generation flow of Jinping- I and Jinping-II and ecological flow of Dahewan under the wet year
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Tab.4 Evaluating the water consumption rate for power generation in cascade hydropower

plants, accounting for diverse ecological flow needs, over three representative years Bf7: m*/(kW-h)

N FokAE P IRAF: R
i S UN EH Ref e/ EH TRt R/ EH Rtk
P 1 1.93 1.94 1.92 1.92 1.92 1.86 1.87 1.85 1.80
¥ i 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13
BB 2.03 2.03 1.99 1.92 1.91 2.02 1.89 1.87 1.83

R0 133 133 1.32 1.33 1.32 1.32 1.32
HHL 3.59 3.59 3.59 3.56 3.56 3.56 3.53 3.53 3.54
i 243 2.44 2.43 234 231 2.53 2.34 2.33 2.34
LTI 19.50 19.49 19.53 18.99 18.96 19.03 18.50 18.52 18.66
Fhek 2.74 2.83 3.00 2.70 2.79 3.10 2.72 2.83 2.97
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Fig. 4 Operation process of Lianghekou reservoir under different ecological flows in the wet year



74 KoOH K B T OB % 2024 42 A
- AW - R N AR - R AR - AW - R
I/ NER R~ KOE AR EHAERRE ~— KA IR R~ KL
5 000 2880 5 000 2880 5 000 2880
" 12860 ~ 1/ 12860 BN " {2860
= 1600 2 1600F b = 1600 . p
2 2840 g 2 foq2840 ¢ 2 2840 ¢
E 1200 \ £ 8 1200 \ £ B 1200 E
= 0 2s0E = O L qasE <l {28203
ﬂﬂ N {2800 ﬂﬁj SN 12800 ﬂﬂ ) / . {2800%
= 400 . e = 400 . e =O400F w0 A
ol e, 12780 oliiiiiii. ., 112780 s 2780
111212345678910 111212345678910 111212345678910
Ay VER A by
(a) H/MESW & (b) B HAES & (o) AW R

Bl 5 SPARAFRAN R A A /R P K e B e A

Fig. 5 Operation process of Lianghekou reservoir under different ecological flows in the normal year
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Fig. 6 Operation process of Lianghekou reservoir under different ecological flows in the dry year
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Optimizing the operation of interconnected cascade hydropower plants along
the middle and lower stretches of the Yalong River to meet

varying ecological flow demands

YU Lei, ZHANG Luchen, LUO Shaoze, WU Xiufeng, WU Shiqiang

(The National Key Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: This study explores the integration of hydropower generation and the ecological flow requirement (EFR) of
the Yalong River to achieve optimal operation of the cascade hydropower plants in the middle and lower sections of the
river. The investigation includes seven hydropower plants. The revised variable monthly flow method (RVMF) is
utilized to calculate the minimum, fair, and optimum ecological flow processes for the river’s mainstream. A joint
optimization operation model for the middle and lower Yalong River (MLYR) is developed, aiming to maximize
cascade power generation. The Strengthen Elitist Genetic Algorithm is employed to solve the optimization model. The
findings indicate that (1) as the EFR of the river increases, the power generation and water resource utilization
efficiency of the cascade hydropower plants decrease, with Jinping-II experiencing the most significant decline in
power generation; (2) implementing joint optimization operation can sustain a higher EFR level while ensuring the
normal operation and power generation benefits of the cascade hydropower plants, thereby mitigating the trade-off

between hydro energy development and utilization in the basin and the ecological protection of the river.

Key words: ecological operation; joint optimization operation; cascade hydropower plants; ecological flow; the middle

and lower Yalong River
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