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Study on the ecological regulation of algal bloom control in the middle and lower reaches
of the Hanjiang River”
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Abstract: A total of more than ten large-scale algal blooms occurred in the middle and lower reaches of the Hanjiang River during
the winter and spring from 1992 to 2021, and the water ecological safety and drinking water safety were frequently threatened.
Based on previous occurrences of algal blooms, the characteristics of algal blooms in the middle and lower reaches of the Hanjiang
River and the causes of the outbreaks were analyzed and summarized. According to the response relationship between algal bloom
and hydrological processes, the key indicators and their thresholds for algal bloom control were proposed. A joint ecological regula-
tion scheme for water conservancy projects in the middle and lower reaches of the Hanjiang River was developed, and the ecological
regulation mode and duration to suppress algal blooms were clarified. The control effect was analyzed based on the practice of eco-
logical regulation for suppressing algal bloom in late January 2021. Studies have shown that the algal bloom events in the middle
and lower reaches of the Hanjiang River is mainly occurred from January to March. After the construction of the Xinglong Reservoir,
the section where algal blooms occurred has expanded from below the Qianjiang River section to the upper reaches of the Xinglong
Reservoir area. As to the average river flow, water level and velocity in years with algal blooms are significantly lower than those in
years without algal blooms, and there are differences in the threshold velocity (flow) in the Xinglong Reservoir area and Xiantao
natural reach, the threshold levels are 0.20 m/s (1160 m*/s) and 0.67 m/s (1040—1200 m*/s) , respectively. Finally, increas-
ing release flow from the Danjiangkou Reservoir and fluctuating water levels of the Xinglong Reservoir are the key regulating method
for algal bloom control, and the regulation duration is suitable for a period of 5 days.
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Fig.1 Water system and location of typical cross-sections in the study area
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Tab.1 Boundary conditions of plane two-dimensional hydrodynamic model
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Tab.2 Criteria for examining the accuracy of the model calibration and validation
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K A A R AR SR W T A 28505 Kl A2 3R A R B A SR A EA T VA, o IR T
AR 2 K R AR R P AR B e 73 W T S o O A 3 (A /K AR AR 07 909 SRR F I it ik ) %
i H BRB U AE. e A RKOE B R AR BRI R AT 5

SE A o % S R EE
FRIE PR T RS 5 1 B S FE<107 cells/L Hif

&

TR A KOS B R e R =] KRR IR B (1)
1 W =107 cells/L i}
o, K AR I S 5 B M 107 cells/L.

2HR

2.1 ST H Tk L 4F1E

B 1992 SEHFZEDILEH IR KAKRLE, 24 E Bit 5K 10 KRR RKLI/F (3R 3) 4R
5 DUTH IR K PR AT X K SO AU , DL IR AL & T 51 A5 Gy HE i, DO R ik 4
TR H 352, 4 DU K RS K AR 25 R i Rk S 4 2 AN RIS .

LEA T UOKAES DU T KA 1 3 R B TR (1) W] L, k2 % A e A DU A K30,
FEAE 1—=3 Ay, UL 2 Aprich b (2) 25\ L, KA KIS = B A AR B 200 V1B, 2014 4F 2 i TG 2%
BETK PR , 7K A 3B A AR TRV VL LA T VLB, 2014 AE XX A NGB AT 5 , /KA F 9 R SR VDV A5 6 B R IX UL
BL; (3) KA R AR B PR Sl SRy DU e 4% 3 ( Stephanodiscus hanizschit) | J& FREHETT o040 RITH B H |
i Rl e A R

23 DL NIRRT ST

Tab.3 Statistics on the occurrence of algal blooms in the middle and lower reaches of the Hanjiang River

. ) B/ . wRE, BBy BEV
O At Hon (x107 cells/L) PEFFEE (mg/L) (mg/L) (mg/L)
1992 2 AvaE—3 H PRI — R DU B 1.57~2.02 Tk i 126 0.093 1.96
1998 2 Aa]—3 A kA),4 A Eha) Igk—RisUrE: 1.70~2.60  REpE Zt@E 114 0.23 1.65
2000 2 A FH—3 HHa Wi B 1.32~7.32  BEWE ESEE 101 0.075 247
2003 1 A -2 A kA Ak —al T B 1.10~3.10  fiEde Gk 123 0.16 1.86
2008 2 ATH RDUTEE 1.60~3.19 Tk 1036 0.143  2.11
2009 1 A FA—1AT4 RIFNTT T B 1.44~2.47 Tk 1024 0137 174
2010 1A Fa—2 A T4 FEME—R T B 1.44~2.45 JEi 10.85 0.076 2.0l
2015 1 A )2 HA) WL FELL R 1.36~1.71 B 10.02  0.102 1.69
2016 3 A A YhEE BhRE RTTITBE 3.0~4.0 Tk 11.10  0.092  1.68
2018 2 Ada)—3 A VLU VLB 1.0~3.5 Tk 13.5  0.090 1.77
2021 1 A A VLTI 1.0~2.0 e 13.0  0.053 1.60
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Fig.5 Environmental factors affecting the outbreak of algal blooms in rivers
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Tab.4 Statistics of flow and water level values at the beginning of the algal bloom outbreak

and the initial period of subsidence at the Shayang and Xiantao sections

Wi - KA K ) IKEETT UG T 1R 5 391
o' § R/ (m’/s)  KG/m o R/ (m/s) FiRY/(mP/s) KfE/m i/ (m/s)
VI 2015 4F 1—3 706 35.80 0.12 1070 36.01 0.18
2016 4£ 3 J 500 35.38 0.10 771 35.73 0.14
2018 4 2—3 750 35.85 0.13 1030 35.16 0.20
filigk 2003 4E 1—2 A 414 21.61 0.33 972 23.01 0.62
2008 4 2—3 f 559 21.70 0.42 705 22.10 0.50
2010 4 1 H 657 22.22 0.47 1030 22.92 0.65
20154 1—3 A 644 21.87 0.47 885 22.50 0.58
2016 4F 3 A 502 21.47 0.39 660 21.67 0.47
2018 4F2—3 J 730 21.89 0.51 1100 23.09 0.67
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Fig.7 Threshold algae density and threshold Fig.8 Flow-velocity relationship curve of Xiantao
velocity at the Shayang and Xiantao sections section under different characteristic water levels
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Tab.5 Response in the average velocity of the Shayang section to water level
fluctuations in front of the Xinglong Dam

N el A AR 0 S R R 20 7R3 (/)

(m/s) 0 m/d +0.5 m/d +1.0 m/d +1.5 m/d +2.0 m/d
900 0.158 0.169 0.174 0.187 0.192
1000 0.174 0.187 0.191 0.203* 0.213
1100 0.183 0.203 * 0.212 0.216 0.227
1200 0.211" 0.218 0.227 0.230 0.238
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Tab.6 Indexes and thresholds of ecological regulation for algal bloom control

in the middle and lower reaches of the Hanjiang River
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Fig.9 Schematic diagram of the joint ecological regulation for algal bloom control

in the middle and lower reaches of the Hanjiang River
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Fig.10 The process of ecological regulation in 2021 and the effect of suppressing algal blooms

(a) The water discharge released from Danjiangkou Reservoir exceeded 800 m’/s during
the regulation period; (b) Xinglong Reservoir adopts water level fluctuation operation ( combined
release and storage) ; (¢) The chlorophyll-a concentration of Xiantao section decreased
significantly after regulation; (d) Comparison of the suitability of diatom growth under the

scenarios of implementing ecological regulation and not implementing ecological regulation
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