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Simulation study on algal dynamics under different hydrodynamic conditions
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Abstract: Algae growth is affected by both their physiological characteristics and the external driving factors, including light,
temperature and nutrients. The nutrients released from sediment resuspension under hydrodynamic forces, impose significant
effects on algae growth. In this study. an experiment of Taihu algal dynamics under different simulated hydrodynamic
conditions was carried out in an ecologic tank. The experiment was conducted using water and sediments collected from Taihu
under three different hydrodynamic conditions: static, slow water flow, and fast water flow. Based on the experimental data,
an algal growth model was developed using the PHREEQC simulating package and incorporating observed biochemical and
ecological kinetics. Quantitative relations between the releases of nitrogen/phosphorus nutrients and the water flow velocity
were incorporated in the model based on the results from laboratory experiments of nutrient release from sediments in an
annular tank. Detailed calibration and verification of the model parameters were carried out based on the experimental results.
The calculated values fitted well with the data, suggesting that the developed model represents the dynamic growth of algae
reasonably well. This model may be used to study the mechanisms of algae bloom in Taihu.
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Table 1 Results of ecological tank experiment
a Chl-a(pg/L) Ammonium (mg/L.) Organic nitrogen(mg/L.)
Range Average Range Average Range Average
Slow water current regime 9.7~29.2 16. 7 0~0.011 0. 006 0.645~0.723 0.692
Fast water current regime 8.8~21.6 16. 4 0~0.049 0.011 0.945~1. 284 1.132
Nitrate (mg/L) Inorganic phosphorus(mg/1.) Organic phosphorus (mg/L)
Range Average Range Average Range Average
Slow water current regime 0.516~0. 669 0.577 0~0.005 0. 0027 0.036~0. 054 0. 04
Fast water current regime 0.841~1.041 0.963 0.003~0.02 0.0104 0. 086~0.104 0.097
2 PHREEQC
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Table 2 Parameter values of algae growth model
Parameter Meaning Value Literature value
Hmax Maximum growth rate of algae(24h) ! 1.0 1~5l6]
Kn Half saturation constant of N-uptake (mg/1.) 0.14 0. 05~0. 5C16]
Kp Half saturation constant of P-uptake(mg/L) 0.015 0. 005~0. 03016
Kic 20 C Constant or coefficient at 20 C (24h) ! 2.0 2. 001
Oic Temperature dependence coefficient 1.12 1. 0680
K Light saturation parameter (pmol/(m? + s)) 300 300067
Kix Respiration rate of algae(24h) ! 0. 45 0. 1~0. 5L16]
O1r Temperature coefficient 1.11
Kip Death rate of algae(24h) ! 0.2 0. 17L6]
apc content of phosphorus in algae 0. 025 0. 025
Ko Rate coefficient for mineralization(24h)~! 0. 08 0.01~0. 17807
03 Temperature coefficient 1. 05 0. 8~1. 0817
anc Content of nitrogen in algae 0. 25 0. 2504
K Rate coefficient for mineralization(24h) —1! 0.05 0. 0751
045 Temperature coefficient 1.02 1. 0804
Kss Rate coefficient for nitrification(24h) ! 0.154 0. 1304
056 Temperature coefficient 1. 04 1. 0804
as Rate coefficient for release (mg/(m? + d)) 24.52 —
as Rate coefficient for release (mg/(m? « d)) 15.99 —
a Rate coefficient for release (mg/(m? « d)) 7.03
as Rate coefficient for release (mg/(m? « d)) 168. 82 —
ag Rate coefficient for release (mg/(m? + d)) —21.87
2 R “ ” R [18 3
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Fig. 2 Comparison of calculated and measured values in model calibration
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Fig. 3 Comparison of calculated and measured values in model verification
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