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Tab.1 Basic parameters of the Qingjiang cascaded hydropower stations
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Fig.2 Calculated ecological flow through the Qingjiang cascaded hydropower stations
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Tab.2 Evaluation results for the Qingjiang cascaded hydropower stations under the two operation schemes
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Optimizing Operation of the Qingjiang Cascaded Hydropower Stations:

Balancing Power Generation and Ecological Regulation
LIN Wei?, LI Ying-hai"?, GUO Jia-li'?, XU Wen'?, XIA Qing-qing', WANG Li'

(1.College of Hydraulic & Environmental Engineering, China Three Gorges
University, Yichang 443002,P.R.China;
2.Shanghai Investigation, Design & Research Institute Co,Ltd,Shanghai 200335,P.R.China;
3.Engineering Research Center of Eco-environment in Three Gorges Reservoir Region,

Ministry of Education, China Three Gorges University, Yichang 443002,P.R.China)

Abstract: Qingjiang River is the second largest tributary of the Yangtze River downstream of Three Gorges
and three cascaded hydropower stations, Shuibuya, Geheyan and Gaobazhou, are operating on the river.
Ecological operation of cascaded hydropower stations has become an important part of Yangtze River pro-
tection and river basin conservation. Additionally, water conservancy departments from provinces and cit-
ies have issued ecological flow requirements for numerous reaches of the river. To address these develop-
ments, we studied operating conditions that optimize the balance between power generation and ecological
regulation for the three cascaded hydropower stations using ten day test periods. Firstly, a ten-day fre-
quency method was used to calculate the ecological flow range for Qingjiang River. Then, an equilibrium
operation model was developed for the cascaded dams to optimize the balance between power generation
and ecological flow. The model uses an runoff deviation coefficient and is based on a particle swarm optimi-
zation method. A comprehensive index system of operation schemes was used to evaluate the model. Final-
ly, we compared an operation scheme that considered only power generation with the equilibrium operation
scheme using historical ten-day runoff data (2008 —2010). Compared with the power generation operating
scheme, the equilibrium operation increased the runoff dispersion coefficient by 6.81% , reduced cascade o-
verflow by 5.766 billion m® and reduced cascade water shortage by 392 million m®. Cascade power genera-
tion decreased only slightly, by 1.85%. The optimized operation scheme was examined greater detail by
looking at the cascade operation during each 10-day period, of 2010 . Discharge from the Shuibuya hydro-
power station under the optimized operation scheme was close to the upper flow limit from period 1 to 11,
and ecological overflows decreased. The discharge was in the appropriate flow range from period 12 to 15,
and ecological water shortages decreased. From period 16 to 36, ecological overflows occurred only in peri-
od 23. Under the power generation only scheme, an ecological water shortage occurred in periods 11 to 14
at the Geheyan hydropower station and overflows occurred in periods 15, 25 and 29. Under the optimized
operation scheme, Gaobazhou hydropower station maintained a high water level, with less fluctuation and
a more stable power output. But with the power generation scheme, ecological overflow occurred in periods
8, 15 and 25, and a water shortage occurred from period 12 to 14. In conclusion, the proposed optimal e-
quilibrium scheme improved the ecological flow environment of the river under the pressure of water con-
servancy projects and provides a scientific basis and decision support for operating cascaded hydropower
projects more ecologically.

Key words: Qingjiang cascade hydropower stations; equilibrium operation; ten-day frequency calculation

method; particle swarm optimization



