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Simulation analysis of the improvement effect on downstream water temperature
at tankeng hydropower station based on FLOW-3D
SUN Tong' > YU Jingshan' > GAN Jianli’ LI Zhanjie' > YUE Qimeng' > ZHANG Haotian'
XU Hu'? XU Shugao' > LI Shuang' > YANG Zhiyang' *
( 1. Institute of Water Sciences Beijing Normal University Beijing 100875 China; 2. Beijing Key Laboratory of Urban
Water Cycle and Sponge City Technology Beijing 100875 China; 3. Zhejiang Zheneng Beihai Hydropower
Co. Litd. Hangzhou 310009 Zhejiang China)

Abstract  Objective After the completion and operation of the Tankeng Hydropower Station significant changes have occurred
in the water temperature stratification structure of the reservoir area and the spatio-temporal distribution of the water temperature
in the downstream river. To optimize the reservoir operation strategy and mitigate the impact of low-temperature water discharge on
the river ecosystem it is urgent to clarify the response relationship between reservoir operation factors and the discharged water
temperature and quantitatively evaluate the improvement effect of regulatory measures. Methods Taking the Tankeng Reservoir
as the research object a local three-dimensional numerical model of the water intake was constructed based on the FLOW-3D
model. The discharged water temperature processes under different water level conditions in spring summer autumn and winter
and the combination of 6~ 8 layers of stop-log gates were simulated respectively. The response law of thermal stratification and the
regulation mechanism were analyzed. Results The results show that: ( 1) The vertical thermal stratification structure of the
Tankeng Reservoir presents significant seasonal differentiation characteristics. The water temperature stratification phenomenon
begins to appear in March and basically disappears in October. Affected by the stopdog gates the main vertical water temperature
difference is concentrated within a water depth of 25 m. (2) In the strong stratification seasons ( spring summer autumn) the
effects of water level on water temperature are 0. 1~0.2°C/m 0.1~0.5°C/m and 0.1~0. 3 °C /m respectively. The regulation
ranges of a singledayer stopdog gate on the discharged water temperature are 0.4~0.8 C 1.5~2.3 C and 0.6~2.1 C
respectively. In the weak stratification season ( winter) the impacts of unit water level and stopdog gate on the discharged water
temperature are below 0. 1 C and 0.3 °C respectively. ( 3) When the stopdog gate is set below the thermocline the intake water
temperature is low. Adding one more layer of stop-log gate in spring summer autumn and winter can increase the discharged
water temperature by 0.7 °C 2.2°C 1.8 °C and 0.2 °C respectively. Conclusion The results indicate that during the strong
stratification period the stop-Jog gate can significantly improve the discharged water temperature by controlling the intake water
depth  which is better than the single waterdevel regulation measure and the regulation effect is better when it is set above the
thermocline. In the seasons with weak thermal stratification the regulation effects of both measures are significantly weakened
which is directly related to the flattening of the vertical water temperature gradient. Therefore it is recommended that during the
reservoir operation and regulation the reservoir storage and the arrangement of stopdog gates should be reasonably planned in
combination with the seasonal changes of the thermocline to ensure water intake above the thermocline.

Keywords: FLOW-3D; local part of the water intake; stopdog gate; water level; discharged water temperature; influencing

factors; hydropower station; spatiotemporal distribution
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1

Fig. 1 Schematic diagram of the study area

2 2023 2 —2024 2
Fig.2  Operational status of Tankeng Reservoir from February 2023 to February 2024
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Fig. 3 Vertical water temperature distribution in front of the dam at Tankeng Hydropower Station for each season( Unit: °C)

4
Fig. 4 Schematic diagram of stop-og gate arrangement

at Tankeng Hydropower Station
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Table 1 Initial conditions of the model verification

working conditions

/m / /m
2023 4 15 150. 71 15.71
2023 7 15 150. 63 g 15.63
2023 10 15 151.79 16.79
2024 1 15 151. 12 16. 12
2022 3 17 143.94 ; 13.94
2022 5 6 148. 09 18.09
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6
Fig. 6 Comparison between the measured vertical water temperature distribution and the simulated initial

temperature distribution of Tankeng Hydropower Station

7

Fig. 7 Comparison and verification diagram between the model simulation results and the measured data for each month
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Fig. 8 Longitudinal sectional profile of water temperature distribution at typical reservoir water levels
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Fig. 10  Longitudinal sectional profile of water temperature distribution under typical working conditions
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Table 4 Comparative analysis table of each model in the simulation of reservoir temperature field and discharged water temperature
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