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Abstract [ Objective] With the accelerated urbanization of Shantou, the conflict between water supply and demand has become
prominent. Simultaneously, seasonal algal blooms in the source water are occurring with increasing frequency, affecting the effluent
quality of traditional water treatment processes. Therefore, there is an urgent need for an economical and guaranteed technology that can
significantly increase treatment capacity and ensure effluent quality during algal bloom periods. [ Methods ]  Based on this
background, this paper establishes a complete pilot-scale horizontal tube sedimentation tank system. Using the actual inflow from the
Shantou Xinjin Water Treatment Plant as the research object, the paper systematically investigated the effects of different coagulant
dosages and inflow rates on turbidity, permanganate index ( COD,, ), and algal density. Furthermore, this paper introduces
computational fluid dynamics (CFD) numerical simulation technology to simulate the optimal treatment capacity and turbidity removal
efficiency for both partial and complete conversion of the plant’s horizontal flow sedimentation tank into a horizontal tube sedimentation
tank. [ Results] The results show that under the conditions of an inflow rate of 9 m’/h and a coagulant dosage of 5.5 mg/L, the

effluent turbidity from the horizontal tube sedimentation device could be stably controlled below 0.6 NTU, outperforming traditional
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processes. Meanwhile, the maximum algal density removal rate reached 100% , and a high removal rate of 48. 02% was achieved for
chemical oxygen demand (COD). CFD simulations indicated that a partial modification of the existing horizontal flow sedimentation
tank could increase the treatment capacity by approximately 20% , while also improving the turbidity removal rate by 20%-30%. A
complete modification could increase the treatment capacity by 60% , with a turbidity removal rate improvement of 10% —20%. This
paper provides specific and reliable technical support for the renovation project of the horizontal flow sedimentation tank at the Shantou
Xinjin Water Treatment Plant. In the comparative analysis between the pilot-scale device and the horizontal sedimentation tank of the
water treatment plant, the turbidity removal rate of the pilot-scale device was higher than that of the sedimentation tank, achieving an
improvement of 10% —15% in removal efficiency. [ Conclusion ]

The research approach, methodology, and conclusion also hold

significant engineering reference value for the upgrading and capacity expansion of traditional water treatment plants facing similar

challenges both domestically and internationally.
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Schematic Diagram of the Pilot-Scale Setup and Sampling points Locations
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Fig. 6 Effect of Different Dosing Concentrations on Algal

Density Removal Efficiency under Varying Flow Rates
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Fig. 7  Comparison of Turbidity Removal Efficiency
between Pilot-Scale Device and WTP
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x5 KPEETIRBARIBAELLER

Tab.5 Simulation Results of Horizontal Pipes Installed at the Varying-Section in the Sedimentation Tank

WAL WE/(mPedh) KIMFEEIE/min FRIBE/ (kgem™)  RifE/mm ABRTFHE/A AR TEUA PN

T3 100 000 43 1010 1 24 000 3 360 86. 0%
120 000 35 1010 1 24 000 3 480 85.5%
100 000 43 1010 2 24 000 2 856 88. 1%
120 000 35 1010 2 24 000 2952 87.7%
100 000 43 1030 1 24 000 2592 89.2%
120 000 35 1030 1 24 000 2 760 88.5%
100 000 43 1030 2 24 000 2328 90. 3%
120 000 35 1030 2 24 000 2 496 89. 6%
100 000 43 1050 1 24 000 2016 91.6%
120 000 35 1050 1 24 000 2352 90. 2%
100 000 43 1050 2 24 000 1584 93.4%
120 000 35 1050 2 24 000 1 800 92.5%

g 100 000 43 1010 1 24 000 3192 86. 7%
120 000 35 1010 1 24 000 3 360 86. 0%
100 000 43 1010 2 24 000 2736 88. 6%
120 000 35 1010 2 24 000 2832 88.2%
100 000 43 1030 1 24 000 2472 89. 7%
120 000 35 1030 1 24 000 2616 89. 1%
100 000 43 1030 2 24 000 2 160 91. 0%
120 000 35 1030 2 24 000 2328 90. 3%
100 000 43 1050 1 24 000 1848 92.3%
120 000 35 1050 1 24 000 2184 90. 9%
100 000 43 1050 2 24 000 1488 93.8%
120 000 35 1050 2 24 000 1 656 93.1%

K 100 000 43 1010 1 24 000 3048 87.3%
120 000 35 1010 1 24 000 3216 86. 6%
130 000 33 1010 1 24 000 4104 82.9%
100 000 43 1010 2 24 000 2592 89. 2%
120 000 35 1010 2 24 000 2 688 88. 8%
100 000 43 1030 1 24 000 2 280 90. 5%
120 000 35 1030 1 24 000 2 400 90. 0%
100 000 43 1030 2 24 000 1992 91.7%
120 000 35 1030 2 24 000 2 208 90. 8%
100 000 43 1050 1 24 000 1704 92.9%
120 000 35 1050 1 24 000 2 064 91.4%
100 000 43 1050 2 24 000 1296 94. 6%
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Fig. 8 Simulation Results of Horizontal Pipes Placed at Different Locations in the Sedimentation Tank
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Fig. 9 Horizontal Pipes Arrangement during

Overall Reconstruction

x6 BAMESHEBER

Tab. 6  Simulation Results of the Integrated Reconstruction

it/ (m®-d™h)  KIFEEE (min) R (kgem ™) KR/ (mm)  AFDRCTHUAS RHRE VR 7y BN
100 000 20 1010 1 24 000 4200 82.5%
160 000 13 1010 1 24 000 6 168 74.3%
100 000 20 1010 2 24 000 4152 82.7%
160 000 13 1010 2 24 000 5712 76. 2%
100 000 20 1020 1 24 000 3936 83.6%
160 000 13 1020 1 24 000 5 688 76.3%
100 000 20 1020 2 24 000 3960 83.5%
160 000 13 1020 2 24 000 5328 77.8%
100 000 20 1030 1 24 000 3 600 85.0%
160 000 13 1030 1 24000 4716 80. 1%
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(ko)
Pidt/(m?-d™) KB (min) BRI/ (kgem ) KRR/ (mm)  ADRFHUA H FURLT A PN T
100 000 20 1 030 2 24 000 3432 85. 7%
160 000 13 1 030 2 24 000 4 392 81.7%
100 000 20 1 050 1 24 000 3 000 87.5%
160 000 13 1 050 1 24 000 4 032 83.2%
100 000 20 1 050 2 24 000 2 784 88. 4%
160 000 13 1 050 2 24 000 3 408 85. 8%
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Fig. 10 Simulation Results of Different Hydraulic Retention Time during Overall Reconstruction
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