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Abstract

In water treatment plants supplying potable water, the management of chlorine concentration in water treatment processes involving
pre-chlorination or intermediate chlorination requires process control. To address this, research has been conducted on water quality
prediction techniques utilizing Al technology. This study developed an Al-based predictive model for automating the process control
of chlorine disinfection, targeting the prediction of residual chlorine concentration downstream of sedimentation basins in water
treatment processes. The Al-based model, which learns from past water quality observation data to predict future water quality, offers
a simpler and more efficient approach compared to complex physicochemical and biological water quality models. The model was tested
by predicting the residual chlorine concentration downstream of the sedimentation basins at Plant, using multiple regression models and
Al-based models like Random Forest and LSTM, and the results were compared. For optimal prediction of residual chlorine con-
centration, the input-output structure of the Al model included the residual chlorine concentration upstream of the sedimentation basin,
turbidity, pH, water temperature, electrical conductivity, inflow of raw water, alkalinity, NHs, etc. as independent variables, and the
desired residual chlorine concentration of the effluent from the sedimentation basin as the dependent variable. The independent variables
were selected from observable data at the water treatment plant, which are influential on the residual chlorine concentration downstream
of the sedimentation basin. The analysis showed that, for Plant, the model based on Random Forest had the lowest error compared to
multiple regression models, neural network models, model trees, and other Random Forest models. The optimal predicted residual
chlorine concentration downstream of the sedimentation basin presented in this study is expected to enable real-time control of chlorine
dosing in previous treatment stages, thereby enhancing water treatment efficiency and reducing chemical costs.
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Fig. 1. Flow chart of the study
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Table 1. Basic statistics of input data

Parameter Average Max Min Standard Deviation Coef of Variation
Inflow 6230.28 8616.88 2659.38 743.83 0.12
Conductivity 200.65 272.50 70.13 35.54 0.18
Alkalinity 46.99 83.29 2659.38 9.07 0.19
NH; 0.04 0.77 0.02 0.04 1.00
Temperature 15.65 30.24 3.15 7.51 0.48
Sediment Pre. Cl, 0.78 2.86 0.00 0.26 0.33
Turbidity 0.91 9.43 0.12 0.73 0.81
pH 7.56 8.83 6.51 0.27 0.04
Settle Cl» 0.49 1.00 0.00 0.22 0.44
Settle_pH- -0.42
Sediment_Turbidity - 0.12 0.31
Sediment_Pre_CI2- 003 007 008
Corr
Raw_Temperature - 0.26 0.07 0.65 0.41 m"
0.5
NH3- -0.4 -0.33 -0.03 0.13 -0.2 05
RawAlkalinity - 0.06 -0.25 0.18 -0.18 0.43 -0.34
RawConductivity - 065 022 | -081 014 011 049 -0.2
Inflow_Q1-  -0.23 0 0.1 018 025 0.05 0.1 -0.12
& & @ £ & @ S N
& ?@\0 N Q@@\) " &S g ﬁ“g ®“9
'S R & N ) e?
& P <@ &
& S & 5
& < Y

Fig. 7. Correlation coefficient between input data
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SHH(Cohen et al., 2009). 2 Ao A 28 5= A Wi =2
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o] %A ZF A= TH & HESHtH(Fig. 7).
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= . 2
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o] ofg] 2| #E H| skt ”47} A3 Ao 2 g
(Mean Absolute Error, MAE), 2% 73]]—r(R-sqared score, R?),
Bt Al 22HRoot Mean Squared Error, RMSE), RMSE
£ A8 NRMSE (Normalized Root Mean Squared Error)
£ A8kt
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= ?’—TEH-’F, e 3741 2] HH(intercept), =
& oneitt. 53 AR g2 A8 wofl=
Z=0]| thsted min-max g2 S 3t Pri}% =Dy
T BA5H oW, T1 AE Table 22} Zo] LR AT
2 AoA = thE3 AR Y-S 8ot d2 AS Ho]
B9} of| & Hlo| B & Bl EA 3. 4] At AS30at o
Z7F ATo] 2] MAEE 0.0966, R*=0.6712, RMSE=0.1228,
NRMSE+=0.1224 2 et o™, th52] AR gof tigh A=
Zat A S ko] AP Fig. 83 Zo] YER AT
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Table 2. Results of the multiple regression model
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Fig. 8. Compare predicted and observed values from multiple re-
gression models
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Fig. 9. Compare predicted and observed values from random forest
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Table 3. Compare performance index for each model

Model MAE R-Squard RMSE NRMSE Rank
Multiple Regression 0.0966 0.6712 0.1228 0.1224 2
Random Forest 0.0474 0.9147 0.0629 0.0630 1
LSTM 0.1019 0.8416 0.1230 0.1296 3
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