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Response of Algae to Nitrogen and Phosphorus Concentration and Quantity of

Pumping Water in Pumped Storage Reservoir
WAN You-peng, YIN Kui-hao, PENG Sheng-hua

(State Environmental Protection Key Laboratory of Drinking Water Source Management and Technology, Shenzhen Key Laboratory of
Drinking Water Source Safety Control, Shenzhen Academy of Environmental Science, Shenzhen 518001 ,China)

Abstract: Taking a pumped storage reservoir located in southern China as the research object, the paper established a three-
dimensional hydrodynamic and eutrophication model of the reservoir employing EFDC ( environmental fluid dynamics code) model,
calibrated and verified the model using long-term hydraulic and water quality data. Based on the model results, the effects of nitrogen
and phosphorus concentrations on the algae growth were analyzed, and the response of algae to nitrogen and phosphorus concentration
and quantity of pumping water was also calculated. The results showed that the nitrogen and phosphorus concentrations had little limit
on algae growth rate in the reservoir. In the nutrients reduction scenarios, reducing phosphorus would gain greater algae biomass
reduction than reducing nitrogen. When reducing 60 percent of nitrogen, the algae biomass did not decrease, while 12. 4 percent of
algae biomass reduction could be gained with the same reduction ratio of phosphorus. When the reduction ratio went to 90 percent, the
algae biomass decreased by 17.9 percent and 35. 1 percent for nitrogen and phosphorus reduction, respectively. In the pumping water
quantity regulation scenarios, the algae biomass decreased with the increasing pumping water quantity when the pumping water quantity
was greater than 20 percent of the current value; when it was less than 20 percent, the algae biomass increased with the increasing
pumping water quantity. The algae biomass decreased by 25. 7 percent when the pumping water quantity was doubled, and increased by
38. 8 percent when it decreased to 20 percent. The study could play an important role in supporting eutrophication controlling in water
source area.
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Table 1 Values of the key model parameters after calibration
75 SRS LEL R0 HUE AL
1 2 VTR 2% o 0.02 m
2 PM DRSNSy 2.2 d-!
3 BM, FEASH AR i 0.12 d-!
4 PR, HEA A R 0.01 d-!
5 WS, PR R 0.2 m-d~!
6 KHN, BESAR IR AR R E 0.012 mg-L"!
7 KHP BEEAR IR > AR R R 4 0.001 mg-L~!
8 ™1 HE KRR R Y T PR 22 C
9 ™2, PR R SR R Y PR 28 C
10 KTGI, AT 0 VR T IR (L R B X R A R I R i R B 0. 008 T4
11 KTG2, o T AR I B 1 AL R 38 B o i 2 A K 4 B i R 0.01 Jo 4
12 CChl, BRI 2R a 1L 0. 045 mg-pg !
13 tNitM TP B2 17 33 5 0.04 g+ (m-d) !
14 KDN Wi HLEUK i 0.07 d-!
15 KDP VR HLBE K i R 0.05 d!

AKA/m
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Fig. 1

Model cells and simulated vector field
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Fig. 2 Calculated and measured water elevation values in year 2009 to 2012
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Fig. 4 Affecting factors of nitrogen and phosphorus concentrations on algae growth rate
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Average chlorophyll a and annual average of peak chlorophyll a under different nitrogen and phosphorus concentration reduction
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Fig. 6 Temporal trends of average and peak chlorophyll a concentrations under different phosphorus concentration reduction
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