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Fig. 1 Change process of power generation with operating

water level at 533.0 m and 533.8 m of small flood
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Tab.1 Optimized calculation results of dynamic

control of water level when different forecasts of

peak flow into reservoir

0 O R KL K v
/(m® «s™H KA/ m /(10*kW « by /(10*kW « h)
10 108. 3 533. 80 22 397. 25 625.47
10 200. 0 533.73 22 343.92 572.14
10 400. 0 533.59 22 234.71 462. 93
10 600. 0 533.45 22 125. 49 353.72
10 800. 0 533. 31 22 016. 28 244. 50
11 000.0 533.17 21 907.07 135. 29

11 250.0 533.00 21 771.78 0
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Tab.2 Comparison of power generation benefits and risks
corresponding to different operating water levels when

forecast peak flow of reservoir is 10 800 m’/s

55\?? P Wk i/&ﬁi LIS JYLK?/,LH; iﬁzﬁ;i
KL/ m mE #/500 #/10'm’ R/TIE A/ 0
533.31 22006.33  234.55  46.91 8.14 40.70  6.21
533.40 2208452  312.74  62.55 10. 36 51.80  10.75
533.50 22162.70  390.92  78.18  13.08 65.40  12.78
533.60 22 240.88  469.10  93.82 16.42 82.10  11.72

533.70 22 319.07 547.29 109. 46 20. 46 102. 30 7.16
533.80 22 397.25 625.47 125. 09 25.25 126.25 —1.16
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Fig. 2 Relationship between additional benefit, risk loss
and operating water level when forecast

peak flow of reservoir is 10 800 m'/s
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Tab.3 Lower limit water level and reduced amount of

flood storage in different forecasts of peak flow

eI R TR OTBROKGIEE FRUKAE W E

J(m’ sy KAE/mo KA/ mo de/10tm® /10 m? /100 m?

11 300 533.80  532.96 257. 68 247.70 9.98
11 500 533.80  532.82 207. 55 159. 37 48.17
11 700 533.80  532.68 327.02 240. 65 86.37
11 900 533.80  532.54 448. 31 323.74 124.57
12 100 533.80  532.50 236.13 99. 41 136.72
12 300 533.70  532.50 337.05 200. 33 136.72
12 500 533.60  532.50 247. 86 111.15 136.72
12 700 533.50  532.50 306. 98 170. 26 136.72
12 900 533.40  532.50 335.55 198. 83 136.72
13 100 533.30  532.50 197. 44 60.72 136.72
13 300 533.20  532.50 378.39 241.67 136.72
13 500 533.00  532.50 174. 46 37.75 136.72
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Multi-objective Risk Analysis for Operation Scheduling of Medium and

Small Hydropower Station Reservoirs in Flood Season
ZHANG Yan-ke, ZHANG Jian-xin, LU Yao-jian, YU Qiang
(School of Water Resources and Hydropower Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: In view of the fact that the reservoirs of medium and small hydropower stations usually operate at a lower
level during the flood season because of the smaller regulating reservoir capacity, short decision time for flood regulation,
maximum head of the unit and inundation limitation of the upstream reservoir area, etc. , the flood resource utilization
benefit is not fully utilized during the flood season regardless of the magnitude of the flood. The multi-objective risk anal-
ysis model for flood operation and scheduling of medium and small hydropower reservoirs is established with the objective
of maximizing the power generation benefit and minimizing the flood risk, and the solution method for the optimal flood
level is given when the forecasted incoming flood flow is in different ranges. The results show that when the reservoir
faces different levels of floods, the optimal operation level can be obtained by coordinating the benefits and risks to in-
crease the power generation benefits during small floods and reduce the flood losses during large floods, which provides a
reference for the flood operation and scheduling of medium and small hydropower reservoirs under changing environment.

Key words: medium and small hydropower stations; flood operation and scheduling; multi-objective decision; risk a-
nalysis
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Water Hammer Prevention of Floating Pumping Station Water-conveying

System Under Large Range Variable Water Source Level
YAN Li-li' , WANG Mei-fang' , LI Ling-ling' , TONG Bao-lin' , GAO Yu-yang®,LIU Zhi-yong®

(1. Yunnan Institute of Water & Hydropower Engineering Investigation, Design and Research, Kunming 650021,
China; 2. School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: For the pump-stopping water hammer prevention of the floating pumping station water-conveying system,
in addition to ensuring the safety of the pump unit and the pipeline, the impact of the water hammer pressure on the mov-
able rocker pipe and the floating boat should be considered to ensure the stability of the floating boat. The numerical sim-
ulation of the pump-stopping transient of a floating pumping station water-conveying system under large range variable
water source level was conducted. The results show that the lowest inlet water level is the most unfavorable condition for
water hammer prevention. Under the condition that the pump outlet valve refuses to close, if the unit’s reverse speed ex-
ceeds the standard and the maximum reverse flow is reached within 3 s after the pump-stopping. The axial-flow check
valve is recommended for the pump outlet valve considering the valve driving capacity requirements, the unit reverse
speed and water hammer pressure. In the water hammer protection scheme of "pump outlet axial-flow check valve + air
chamber on shore + intermediate check valve + hammer-prevention air valve", the axial-flow check valve ensures that
the pump unit does not reverse, the air chamber and air valve reduce the maximum water hammer pressure and improve
the negative pressure condition in the pipeline, and the intermediate check valve reduces the pressure oscillation amplitude
and oscillation time in the pump outlet and rocker pipe. Therefore, the water hammer prevention problem in the floating
pumping station water-conveying system is effectively solved.

Key words: pump-stopping water hammer prevention; floating pumping station; large range variable water source
level; pump outlet valve style; intermediate check valve; air chamber





