
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,  Volume- 3, Issue-7, July-2015 

Modelling And Simulation Of Water Treatment Plant For Optimum Coagulant Dosage Based On Hammerstein-Wiener Model 
 

118 

MODELLING AND SIMULATION OF WATER TREATMENT PLANT 
FOR OPTIMUM COAGULANT DOSAGE BASED ON 

HAMMERSTEIN-WIENER MODEL 
 

1SAITHA M J, 2SADIQ A, 3LAILA BEEBI M 
 

1M.Tech Student, 2Associate Professor, 3Professor TKM College of Engineering, Kollam 
E-mail: 1saithamj@gmail.com, 2sadiq.mehrab@gmail.com, 3lailacet@gmail.com 

 
 
Abstract—Water crisis is one of the major issues that the world is facing today. The available water is to be treated as a 
solution to the issue. The treatment that determines the water quality involves very important chemical process and is to be 
controlled. In this work, a mathematical model for the water treatment plants is developed so that new control methods can be 
applied to obtain effluent water of required standards. The major challenge in modelling water treatment processes is to 
establish the nonlinear relationships between the inputs and outputs of each process. This work presents a model based on the 
principle of material balance and simulation, for a water treatment system that consisting of rapid mixing system and a 
flocculation system ahead of the sedimentation tank. The developed model gives the dependencies of the pH and turbidity of 
treated water to the chemicals added. Simulation is performed to draw the effect of coagulant dosage on pH, surface charge and 
turbidity. The relationship between raw water alkalinity, coagulant flow and turbidity of effluent water is also simulated. This 
work further investigates the effectiveness of various configurations of Hammerstein-Wiener model for the water treatment 
system, to choose the best configuration. This chosen model can be suggested for resolving the problem of optimal coagulant 
dosing thereby resulting in cost reduction and improving water quality through automatic coagulant dosage rate control. 

 
Index Terms—Water Treatment Process, Model, Turbidity, Simulation 
 
I. INTRODUCTION 
 
Water is the most important substance on earth for 
survival of all organisms.Intelligent and effective 
utilization of water resources is the need of the hour 
and of all times.  Large number of population are 
affected by drinking and using contaminated 
water.Waterborne diseases due to consumption of 
impure and polluted water could affect anyone, which 
may even lead to death [1]. The available water is to be 
treated as a solution to the issue.  
Clean and safe drinking water is an engineering grand 
challenge [2]thus, water treatment that determines and 
controls the water quality is a very important chemical 
process.  
Water treatment may be defined as the action of 
making use of a water source to obtain good quality 
water of required standards[3]. The treatment 
processes applied to raw water passes through several 
steps for chemical clarific-ation by coagulation, 
sedimentation and filtration which is mostly done in 
all water treatment plants. Since precise operation of 
water treatment are required, a reliable 
modelexplaining treatment process is required for 
control purposes. 
 
Therefore, the main purpose of this paper is to develop 
a mathematical model for the water treatment 
plantsand to identify the dynamics using different 
configurations of Hammerstein Wiener model. The 
paper is organized as follows: Section II gives 
introduction to water treatment system, Section III 
discusses modelling of the system, and Section IV 
explains Hammerstein-Wiener model with simulation 
results obtained discussed in Section V. 

II. WATER TREATMENT SYSTEM 
 
Water treatment consists of a sequence of complex 
physical and chemical processes, which are chosen 
depending on the quality and nature of source water 
used. One of the very important component of water 
treatment is to provide drinking water that is free of 
waterborne infectious agents, color, turbidity and 
contaminants, so that the produced water is clean and 
aesthetically pleasing to the consumers. Fig. 1 shows 
the schematic diagram of a typical water treatment 
process which is considered here. The raw surface 
water from rivers, lakes, dams, streams, ponds, etc., 
are first taken into storage tanks, from where these are 
pre-screened to remove large debris such as leaves, 
sticks, grit removal, etc., which may interfere with 
subsequent purification steps. The screened water is 
sent to the rapid mix unit where coagulation takesplace 
by the addition of chemicals, and then to flocculation 
unit which aids in flocformation that can settle as 
sludge at the bottom of the sedimentation tank. The 
technique of dissolved air floatation  

 
Fig.1 Schematic diagram of Water Treatment Process 
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or filtration can be used to remove floating flocs from 
the surface of treated water. The settled sludge is 
removed and pumped into sewerage systems. The 
filtered water is then disinfected either by the injection 
ofchlorine for destruction of bacteria through 
thegermicidal effects ofchlorine or by ozone, effective 
in removal of tastes and odors or by UV light. Finally 
the treated water is sent to reservoirs and later 
pumped/transported to public water supply system. 
However for obtaining a model of water treatment 
process and to understand the process dynamics we 
concentrate on primary treatment process. 
 
A. Coagulation and Flocculation 
Coagulation and flocculation are very important 
components occurring as successive steps in water 
treatment systems to remove microorganisms, 
suspended particles, natural organic matters, metal 
ions, toxic compounds etc.[4]. Coagulation refers to 
the process of destabilization of colloidal particles 
with the help of addition of inorganic chemicals such 
as aluminium sulphate, aluminium chloride, 
polyaluminium chloride (PAC), ferric chloride etc. 
Flocculation brings destabilized particles into contact, 
colliding each other while growing in size and forming 
agglomerates which can be filtered out.This occurs in 
a tank called flocculator or flocculation basin 
equipped with slow/gentle mixing mechanism.  
 
B. Rapid Mix System 
Rapid Mixing, which is the process of dispersing 
coagulant chemicals into source water, works on the 
principles of charge neutralization, particle 
destabilization and acid-base neutralization. 
Coagulants,coagulant aids, lime, caustic soda, soda 
ash etc., send from respective tanks with the help of 
dosing pumps forms the essential part of rapid mixing 
system. The pH at which coagulation occurs is an 
important parameter [6].Dosing of chemicals done by 
metering pumps cause water to be mixed rapidly 
inorder to make sure that the chemicals are evenly and 
homogeneously distributed throughout the water for 
floc formation [5]. Hence the main difficulty is to 
determine the optimum coagulant dosage for the 
influent raw water and pH value to be achieved for the 
treated water. Overdosing of chemicals lead to 
increased treatment costs and health issues, whereas 
under dosing lacks the capability to gain water quality 
targets. 

 
C. Sedimentation 
The process of removal of particles and precipitates 
formed from water by gravitational settling is called as 
sedimentation. Out of the different classes of 
sedimentation based on settling properties, particles 
that flocculate during sedimentation characterizes 
Type II sedimentation, occurring inside a 
sedimentation basin. The detention time here depends 
on plant capacity in order to provide safety at times of 
less/low flocculation or sludge removal process. 

III. SYSTEM MODELLING 
 
Consider a typical water treatment process as in Fig.1 
and diagrammatic representation in Fig.2, with the 
assumptions taken for modelling the process as: 

 The rapid mix reactor is completely mixed 
such that the reactor concentration is same as 
outlet concentration. 

 The reaction occurs at constant temperature. 
 Equilibrium reaction exists between reactants 

and products. 
 The level of liquid in the tanks are assumed 

constant. 
 Density of liquid mixture is same throughout 

the tanks. 
 The material balance is provided by the 

dynamic component of reactants and 
products. 

 
 

Fig. 2 Diagrammatic representation of (a)rapid mix reactor, (b) 
flocculator and (c) sedimentation basin. 
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D. Flocculation Model 
In water treatment, even though rapid mix is the most 
important physical factor affecting coagulant 
efficiency, the most important factor affecting 
particle-removal efficiency is flocculation [4].Let the 
ionic concentration at inlet and outlet of flocculation 
basin be ܺ and ܺ  respectively, ߴ , flow through 
velocity, A area and݈length of flocculation basin, then 
we can represent the parameters as,  

 

The total particle concentration depends on the ratio of 
ionic concentration described by DLVO model as well 
as Schulze-Harde rule suggesting the effect of charge 
of counter ions in coagulation and hence flocculation. 
 
1) Design requirements  
In most of the large and medium size water treatment 
plants, flocculation is normally accomplished by 
vertical turbine mixing, a paddle flocculator or baffled 
chamber. As paddle flocculators are best design choice 
for large volume water and high degree solid removal, 
a 2 stage 4 channel Horizontal shaft Paddle flocculator 
with volume ܸis preferred here.The detention time is 
assumed to be 30 min for tapered flocculation with a 
mean velocity gradient ܩതതത  of 50ିݏଵ  (G for stage1 
 ଵ). Since water must be dividedିݏଵ& stage 2 40ିݏ60
between various channels in flocculator, the flow is 
similarlydivided. Flow through one channel, 

 
 
C. Modelling Sedimentation Process 
Assume that the flocculation process continues in the  
Sedimentation basin, due to the presence of some 
unreacted colloidal particles which has not been 
flocculated, the rest of the unreacted particles can be 
formed to floc and then be settled. To achieve this, we 
need to model the sedimentation process, also for 
controlling the dosage concentration to attain desired 
water turbidity at outlet. If ܺ  and ܺ௦  are the 
difference in ionic concentrations at inlet and outlet of 
sedimentation basin with volume ௦ܸ , mathematical 
model for sedimentation process for ݅௧ tank (i ߳[1: n]) 
according to material balance equation yields 
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The most important electrical property of colloids and 
suspended particles is their surface charge. The 
colloids commonly found in wastewater are stable 
because of the electrical charge that they carry. 
Therefore in order to understand and model the 
electrical charge, electrical double layer theory 
described by Gouy-Chapman model ismade use of [9]. 
The fundamental differential equation for 
 

 
 

1) Turbidity Modelling 
Turbidity is defined as the cloudy appearance of 

water caused by the presence of suspended and 
colloidal matter.For mildly contaminated water the 
suspended solid is linear with turbidity, then turbidity 
removal, 

 
 
IV. HAMMERSTEIN WIENER MODEL 
 
When the output of a system depends nonlinearly on 
its 

 
Fig. 3 Structure of Hammerstein Wiener Model 

 
inputs, sometimes it is possible to decompose the 
input-output relationship into two or more 
interconnected elements.In this case, we can represent 
the dynamics by a  
Linear transfer function and capture the nonlinearities 
using nonlinear functions of inputs and outputs of the 
linear system.If we represent a non-linear dynamical 
system by a configuration of linear dynamic and 
nonlinear memory less blocks either before or after the 
linear time invariant (LTI) block, the structure will be 
called as Hammerstein-Wiener model [12].Fig.3 
shows the general structure of Hammerstein-Wiener 
model, where w(t) =f(u(t)) transforms input data u (t) 
and x (t) = Gw (t) is a linear time invariant block. 
When a model contains only the input nonlinearity f, it 
is called a Hammerstein model. Similarly, when the 
model contains only the output nonlinearity h, it is 
called a Wiener model. 
The commonly used nonlinearity estimators for 
Hammerstein-Wiener models for both the input and 
output nonlinearities f and h includes dead-zone, 
saturation, sigmoid network, piecewise linear 
functions etc. The concept of Hammerstein-Wiener 
model discussed here is applied to identify the 
dynamics of water treatment system which is 
considered as a nonlinear system. 
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V. RESULTS AND DISCUSSION  
 
A. Simulink Model 
The model is developed in MATLAB/SIMULINK and 
generated based on the differential equations, 
quadratic pH equations, equations of surface charge 
and turbidity. The whole system model can be 
obtained as in Fig.4.The Simulink model of the 
sedimentation subsystem is shown in Fig.5.From here 
the [ܪା] value of water at sedimentation is calculated 
and hence [ܪା]  value of treated water is obtained 
along with values of effluent water turbidity. 

 
B. Model Simulation 
The system dynamics of the water treatment system 
developed from equations are simulated through the 
Matlab/Simulink program using the parameters in 
Table I.The input  

 

 
Fig. 4 Simulink Model of Water treatment system 

 

 
Fig. 5Sedimentation Process Subsystem 

 
comprises of two variables: the coagulant flow rate 
 Similarly output .(ݍ) and hydrated lime flowrate (ݍ)
comprises of three variables: pH value (ܪ௨௧) of the 
treated water, the surface charge (SC) and turbidity. 
Fig.6 shows the output pH, surface charge and 
turbidity measurement.Fig.7shows the effect of 
coagulant flow ݍ changes on the outputs pH and SC 
when hydrated lime flow ݍis held a constant and vice 
versa. 

 
Fig. 6Output Measurements-pH, SC and turbidity 

 
Fig. 7 Effect of changes of coagulant flow and influent water on 

outputs 
 

TABLE I. PROCESS MODELLING VARIABLES 

 
C. System Identification 

The Gaussian random signal of amplitude 1.0 and 1.5 
are given as the input data set for system identification 
with simulation interval of 0.1sec. The input data set is 
chosen to adequately excite the system to generate 
output data sets that reveal the complete dynamics of 
the system. The output measurement obtained from 
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the Matlab/Simulink model is shown in Fig.8and Fig.9 
shows the results of the simulation for the different 
configurations of Hammerstein-Wiener model 
considered here as shown in Table II, when compared 
with theinput-output measurement data. It shows the  

 
Fig. 8Output Measurement of pH and SC of effluent water 

 

 
Fig. 9Simulation results obtained from Hammerstein-wiener 

model 
 
comparison between output measurement and model 
output for different configurations. The results shows 
that the configuration Hwm5 gives best representation 
of water treatment system considered, whereas Hwm3 
and Hwm8 provides the least fit. When 
Hammersteinmodel was used the fit was -15.77% & 
27.68% whereas for wiener model fit was only -292% 
& 4.517% for output pH and SC channels. Thus 
selected model is the best that describes the treatment 
system considered. 

TABLE II.  VARIOUS CONFIGURATIONS OF 
HAMMERSTEIN WIENER MODEL 
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