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Tab. 2 Results of statistical parameters for different annual runoff series
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Tab.3 Comparison of power generation of two calculation modes under different water inflow scenarios
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Year-end water level optimization of Longyangxia Reservoir
under uncertain inflow conditions

LI Hang"?, LI Jieyu”, WANG Yuanjian™, LI Jiang*, WEI Guanghui®
(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. Yellow River Institute of Hydraulic
Research, YRCC, Zhengzhou 450003, China; 3. Key Laboratory of Lower Yellow River Channel and Estuary Regulation, MWR, Zhengzhou 450003,
China; 4. Xinjiang Tarim River Basin Authority, Korla 841000, China )

Abstract: Multi-year regulation reservoirs are used to regulate the unbalanced water volume within and between
years, and year-end water level control is linked to the overall benefits of the current year and the following several
years. The water level at the end of the year is typically not fixed because of the unpredictability of natural inflow. It
is worth studying how to optimize the year-end water level of multi-year regulation reservoirs based on the
uncertainty of inflow to ensure their long-term comprehensive benefits.

Taken the multi-year regulating Longyangxia Reservoir and Liujiaxia Rservoir in the upper reaches of the
Yellow River as a case study, the year-end water level is optimized under uncertain inflow conditions. The Latin
Hypercube Sampling-Monte Carlo (LHS-MC) method was applied to generate random reservoir inflows. On this
basis, a multi-objective stochastic optimization model for cascade reservoirs considering the uncertain inflow was
established. The best scheme from the Pareto solution set of the current-year power output and the year-end water
level was obtained based on the TOPSIS decision-making method. The effects of runoff frequency and initial water
level on year-end water level and power output were investigated, and the reliability of year-end expected water
level on multi-year power output was verified.

The results show that the initial water levels of Longyangxia Reservoir and Liujiaxia Reservoir are 2,590 m and
1,728 m, respectively, the total expected power output ranges from 9.514 billion kW <h to 9.689 billion kW h, and
the year-end water level of Longyangxia Reservoir ranges from 2,586.45 m to 2,587.41 m. The higher the year-end
water level, the less power is generated. The water level of Longyangxia Reservoir and the power generation of the
cascade reservoirs differ greatly from June to October under different inflow frequencies. The lower the frequency
of runoff and the higher the initial water level of Longyangxia Reservoir, the higher the year-end water level of
Longyangxia and the higher the power output of Longyangxia Reservoir and Liujiaxia Reservoirs. The optimal year-
end water level of Longyangxia Reservoir should be controlled between 2,580 m and 2,590 m based on the
stochastic optimization model, which is a significant reduction from the actual operation. When the optimal year-end
expected water level obtained by stochastic optimization is used to control Longyangxia Reservoir, the reliability of
guaranteeing the power output benefit is above 98%.

Overall, under the uncertainty inflow scenarios, there is a competitive relationship between the annual estimated
power output of Longyangxia Reservoir and Liujiaxia Reservoir and the year-end expected water level of
Longyangxia Reservoir. The main determinants of Longyangxia Reservoir's year-end water level are the reservoir's
inflow frequency and initial water level. This approach has a high degree of reliability and significantly narrows the

range of year-end water level under the existing dispatching mechanism.

Key words: multi-year regulating reservoir; year-end water level; Longyangxia Reservoir; uncertainty; stochastic

optimal operation
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