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ABSTRACT

In water treatment processes, the coagulation-flocculation-sedimentation process is a critical unit operation that determines
raw water turbidity removal and the stability of treated water quality. However, increasing variability in raw water
quality due to climate change and watershed environmental changes has reduced the effectiveness of conventional
coagulant dosage determination methods that rely on operator experience. In this study, a machine learning-based
prediction model for coagulant dosage was developed, and its applicability was evaluated using a pilot-scale
coagulation-flocculation- sedimentation process. Water temperature, turbidity, pH, electrical conductivity, alkalinity, flow
rate, and the coagulant dosage applied 24 hours prior were used as input variables. A Model Bank-based approach
incorporating seven machine learning models: Ridge Regression, Lasso Regression, Decision Tree, Random Forest,
ANN(Artificial Neural Network), DNN(Deep Neural Network), and RNN(Recurrent Neural Network) was applied. Model
performance was evaluated using the RMSE(Root Mean Square Error), and comparative analysis was conducted to
identify the most suitable model. The results showed that the Random Forest model exhibited the best overall prediction
performance, with an average RMSE of 0.866 and the highest selection frequency. When applied to the pilot process,
the predicted coagulant dosage reduced the average dosage from 10.67 mg/L under conventional operation to 7.03
mg/L, corresponding to a reduction of approximately 34.1%. In addition, the turbidity of the sedimentation effluent
in the pilot system was maintained at an average of 0.33 NTU, comparable to 0.26 NTU observed in the full-scale
plant, and remained below 0.5 NTU for most of the operational period. These results demonstrate that machine
learning-based prediction models can be effectively applied to optimize coagulant dosing and maintain stable effluent
turbidity in pilot-scale water treatment processes.

Key words: Coagulant dosing, Dosage prediction, Drinking water treatment process, Machine learning, Model bank
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Table 1. Input variables used in the machine learning model
Variable Description Unit Data Range
Temperature Temperature of influent raw water °C 3.55 — 14.8
Turbidity Influent turbidity of raw water NTU 0.45 — 10.2
pH Raw water pH - 8.32 — 8.6
Electrical conductivity Raw water electrical conductivity uS/cm 191 — 279
Alkalinity Raw water alkalinity mg/L as CaCOs 23.28 — 51.27
Flow rate Flow rate of influent raw water ml/min 247 — 4.34
Coagulant dosage (t-1day) Coagulant dosage applied on the previous day mg/L 2.16 — 9.54
Mgl A7 o 248 AAD deles T Fal 34 o AHE wewth 248 34 dely
ER= L= KICT Workstation®. 2 Z14%]o] DBMS(Data Base
= HolEA2 ZAsks 7Nt |52 EO] Sk Management System)ol] AJRHEH, o] & A £IZEQ]
2 Aol Z8EeH, 2d oS diks AA d o]& &3l dlolE Az 9 o SEd k5ol S-gE
& dolEet el 34 AS doleE Bl - E3 Grafana 7|9 HYE® A|AET Web APIE &
wAete] 2d Ao B 34 A8 7HeAdE Btk 3% diolE Y] ARt 23] W o] iy Aol

AFollA 53 o E NeslEE A AES LAE)
23 0 3 Aol Alzagle] FAEES L Zlolct. =
Fig. 1. 51918l oA PLCS} CIMON 7jut imi 22 OIF=E 78

H
(Human-Machine Interface)S ©|-&3lo] 34 &4

W REAY BN S FUBES 5ot
Az Blolg o] olRoixn], Ao} ALEGOIE 15 R 7IASHG LTLUZS 7O T Model
Analysis SW
Grafana SW -
DBMS ‘:l
Web API ==
+ Data collection Operation PC
+ Control commands (G WTP)
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Multi-parameter
Control SW Water Quality
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D Application Software
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Multi-parameter (O Database / Storage
PLC yvater Sl ity SCADA / Monitoring & Control
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Fig. 1. Architecture of the data acquisition and process control system.
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Fig. 2. Structure of the model bank framework used for predicting coagulant dosage and chemical pump control based on
multiple machine learning models.
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Fig. 4. Performance comparison of machine learning models in the Model Bank: (a) Temporal distribution of RMSE values
(red indicates higher prediction error, while green indicates lower prediction error), (b) Optimal model selection based
on the lowest RMSE.
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Fig. 5. Comparison of coagulant dosage between the G plant operation and the model-based control.
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Fig. 6. Comparison of sedimentation effluent turbidity between the G plant and the pilot system.
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