
Chapter 3 

Research Design and Methodology 

3.1 Introduction 

Main objective of this research is to develop models to automate Alum and Lime 
dosing for water treatment plant and to predict relationships between measuring 
parameters (turbidity and pH value) of water and amount of dosage of Alum and 
Lime. 

3.2 Assumptions 

Alum and Lime dosage is depends on water parameters of Turbidity, pH value, 
temperature, conductivity, dissolved Oxygen, UV's absorption, etc. However 
considering one water source conductivity, dissolved oxygen, temperature and UV's 
absorption remain same. Turbidity, number of particles in water is the main cause for 
optimum Alum dosage and pH value is the main cause for optimum Lime dosage. 

Therefore Ambatale Water treatment plant which distributes water to Colombo area is 
selected for this research and followings afis the basic information of it. 

Year Commissioned 1966 (Old Plant) 
1994 (New Plant) 

• Water Source 

• Water Intake 

Kelani River 

02 Pump Houses ( Old & New) 
577,000 cum per day 

Sedimentation 
Tanks 

05 Tanks capacity 61,300 cum each 

04 Tanks capacity 45,000 cum each 
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• Filters 
26 (18+8) Rapid Gravity Sand 
Filters 

Chemicals Alum A12(S04)3. 14H20 
Lime Ca(OH) 2 Chlorine gas CI2 

Water Storage 03 Tanks (91,000, 4200, 6600 cum) 

Production per day 470,000 cum (105 million gallons) 

• Production Capacity 500,000 cum per day 
(maximum) 

Water Treatment Operation 

The treatment plant gets its water supply from Kelani River. Water treatment involves 
physical chemical and biological processes that transform raw water into drinking 
water. Aeration, addition of chemicals, sedimentation, filtration and disinfection are 
the major steps. Aeration means air (oxygen) is introduced to water. By this means, 
the taste, colour and odour causing substances and gases are removed. Then 
chemicals, lime and alum are adding. When chemicals are added to water they react 
with soil and clay particles, microorganisms and other substances. This is called 
coagulation. These particles associate with similar particles to form big floes. This 
process is called flocculation. The floes when it is heavy sink to the bottom. The 
result is clear water at the top. Then the sedimentation process is carried out. The 
floes as stated above are formed in large sedimentation tanks. These clarification 
tanks are called pulsators, pre-treaters and centriflocs. Clear water is found at the 
surface of the tanks. This water is sent into the sand filters through a network of 
channels. The next step is filtration. Water is filtered through the rapid gravity sand 
filters. The suspended solids and some microorganisms are removed by the process. 
After that Alum is again added to do the pH correction. This is called as addition of 
post Lime. Last step of the water treatment process is disinfection. This is also called 
chlorination as it uses chlorine gas to disinfect water. Chlorine is a strong oxidizing 
agent and it destroys pathogens; that is disease causing organisms like bacteria 
remaining in the water. 

Figure 3-1 shows layout diagram of Ambatale water treatment plant. 
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3.3 Data Collection 

This research is based on field data and experimental results using real data. One 
thousand number of jar test results for raw water were recorded (Appendix-A) to 
predict a relationship between measuring parameters (turbidity and pH value) of 
water and amount of dosage of Alum and Lime. Three hundred numbers of 
experiments are done to check the validity of results (Appendix-B). 

3.4 Design of the System 

Design of the Controller 

This design is for controlling alum and lime dosing according to the turbidity and pH 
value of the incoming water. At the same time the system should indicate the value of 
turbidity and pH value in a display unit. 

Features of the system are described below. 

Since the dosing controller is designed using a microcontroller it allows for the 
flexibility of ease of operation. 

The changing of dosage of Alum is occurred where the difference of turbidity value 
equal to ten (10) according to the initial value of turbidity. Then new value of 
turbidity is the initial value for next time. 

The changing of dosage of Lime is occurred where the difference of pH values equal 
to point one (0.1) according to the initial value of pH value. Then new value of pH 
value is the initial value for next time. 

Value of turbidity, value of pH, current dosing rates of alum and lime are indicated. 

A master reset button can be used in case where the system locks-up due to some 
unpredictable event. 
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Selection of the Main Controller 

To control the system, a microcontroller, a programmable logic controller or a PC 
using some form of I/O can be used. 

Microcontrollers generally can be classified into 8-bit, 16-bit, and 32-bit family based 
on the size of their arithmetic and index register(s). It generally consists of 
ROM(Read Only Memory), RAM(Random Access Memory), Stack Pointers, 
Registers, Accumulator, Input/Output Ports, Timers, Analog to Digital 
Converter(ADC), Digital to Analog Converter(DAC), UART or SPI (for 
communication purposes). Some have special built in features that comes with Liquid 
Crystal Display Driver (LCD) that will enable them to drive LCD displays, EEPROM 
(Electrical Eraseable Programmable Read Only Memory) which is a non volatile 
memory that will enable it to store data permanently. 

It can be implemented using high level language or assembly language. Clock speed 
determines how much processing can be accomplished in a given amount of time by 
the MCU. Some have a narrow clock speed range. Sometimes a specific clock 
frequency is chosen to generate another clock required in the system, e.g. for serial 
baud rates. 

The processing technology of the microcontroller is N-channel metaloxide 
semiconductor (NMOS) or high-density complementary metal-oxide semiconductor 
(HCMOS). In HCMOS, signals drive from rail-to-rail, unlike earlier NMOS 
processors. Since these criteria can significantly affect noise issues in system design, 
HCMOS uses less power and thus generates less heat. The design geometries in 
HCMOS are smaller, which permit denser designs for a given size and thus allow 
higher bus speeds. The denser designs also allow lower cost, for more units can be 
processed on the same sized silicon wafer. For these reasons, most MCUs today are 
produced using HCMOS technology. 

The advantages of microcontroller are that all MCUs have on-chip resources to 
achieve a higher level of integration and reliability at a lower cost. An on-chip 
resource is a block of circuitry built into the MCU which performs some useful 
function under control of the MCU. Built-in resources increase reliability because 
they do not require any external circuitry to be working for the resource to function. 
They are pre-tested by the manufacturer and conserve board space by integrating the 
circuitry into the MCU. 
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Some of the more popular on-chip resources are memory devices, timers, system 
clock/oscillator, and I/O. Memory devices include read/write memory (RAM), read-
only memory (ROM), erasable programmable ROM (EPROM), electrically erasable 
programmable ROM (EEPROM), and electrically erasable memory (EEM). The term 
EEM actually refers to an engineering development version of an MCU where 
EEPROM is substituted for the ROM to reduce development time. 

Timers include both real-time clocks and periodic interrupt timers. Other timer 
functions include timer compare and/or input capture lines. 

I/O includes serial communication ports, parallel ports (I/O lines), analog-to digital 
(A/D) converters, digital-to-analog (D/A) converters, liquid crystal display drivers 
(LCD), and vacuum fluorescent display drivers (VFD). 

Other built-in resources may include computer operating properly (COP) watchdog 
system which can be hardware or software based. 

A microcontroller is a single integrated circuit. Integrating the memory and other 
peripherals on a single chip and testing them as a unit increases the cost of that chip, 
but often results in decreased net cost of the embedded system as a whole. Even if the 
cost of a CPU that has integrated peripherals is slightly more than the cost of a CPU + 
external peripherals, having fewer chips typically allows a smaller and cheaper circuit 
board, and reduces the labor required to assemble and test the circuit board. 

Microcontrollers are useful to the extent that they communicate with other devices, 
such as sensors, motors, switches, keypads, displays, memory and even other micro-
controllers. Many interface methods have been developed over the years to solve the 
complex problem of balancing circuit design criteria such as features, cost, size, 
weight, power consumption, reliability, availability, manufacturability. 

Many microcontroller designs typically mix multiple interfacing methods. In a very 
simplistic form, a micro-controller system can be viewed as a system that reads from 
(monitors) inputs, performs processing and writes to (controls) outputs. 

PLCs are typically industrial processes in manufacturing where the cost of developing 
and maintaining the automation system is high relative to the total cost of the 
automation, and where changes to the system would not be expected during its 
operational life. 

14 



Very complex process control, such as used in the chemical industry, may require 
algorithms and performance beyond the capability. Very high-speed or precision 
controls may also require microcontroller solutions. 

PLCs are not very good at handling large amount of data, or complex data. 
Microcontrollers are better for that. PLCs are also not very good with databases or 
displaying data. 

Main Controller 

The main controller is mainly established by using PIC16F876 microcontroller which 
is shown by Fig 3-2. This microcontroller has the following features that are best 
suited to conduct the task. 

It process low cost, industry standard high performance and 8-bit with analogue to 
digital converters. 

The support for a variety of range of input/output functions, and this microcontroller 
allow the user to determine whether to use a certain pin as input or output. 

There are 192 bytes of RAM and has 22 input/output pins in additional several 
peripheral features such as timers, counters, etc. 

There is also a serial port it capable of being programmed easily and interfaced with 
computer via standard RS232 port. 

In this project MAX 7219 display driver IC can easily interfaced with microcontroller 
by using three wires (SDO, SDI and SCLK) and LOAD (CE) which is common today 
named as Serial Peripheral Interface (SPI). 

The varieties of software tools are available for developing and debugging source 
code for the controller. The MPLAB software is used for developing the system 
because it is windows based an easy software development in 8-bit microcontroller. 

The PIC16F876 chip is in electrical erasable packaged version (FLASH), and it is 
suitable for programming several times for testing our objective is implemented. 
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MCLR/Vpp 1 28 RB7/PGD 

RAO/ANO 2 27 RB6/PGC 

RA1/AN1 3 26 RB5 

RA2/AN2/ 4 25 RB4 
Vref-

RA3/AN3/ 5 24 RB3/PGM 
Vref+ 

RA4/T0CKI 6 23 RB2 

RA5/AN4/SS 7 22 RBI 

Vss 8 21 RBO/INT 

OSC1/CLKIN 9 20 VDD 

OSC2/ 10 19 Vss 
CLKOUT 

RCO/TIOSO/ 11 18 RC7/RX/DT 
T1CKI 

RC1/T10SI/ 12 17 RC6/TX/CK 
CCP2 

RC2/CCP1 13 16 |RC5/SDO 

RC3/SCK/ 14 15 RC4/SDI/SDA 
SCL 

Fig 3-2.: Pin Configuration of PIC16F876 
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Display Driver Unit 

The display driver unit consists of 7-segment displays for visualizing the value of 
turbidity (or pH value) of the incoming water and the current dosage rate of Alum (or 
Lime). The MAX7219 display driver chip can derive multiplexed 7-segment displays, 
and convenient 3-wire serial interfacing with main controller. This IC is compact, 
common cathode display driver up to 8-digits. Included on chip is a BCD code-B 
decoder, multiplexer, scan circuitry of the display drivers, and on 8x8 static RAM 
that store each digit. The circuit of the display driver unit is shown in Fig 3-3. 

Sensor Unit 

The sensor is established in raw water just before adding Alum (or Lime) to measure 
the turbidity (or pH value). The turbidity sensor gives the interrupts to the 
microcontroller when the turbidity value is increased or decreased by 10 in ADC. The 
pH sensor gives the interrupts to the microcontroller when the turbidity value is 
increased or decreased by 0.1 in LDC. 

Selected turbidity meter, WQ710 is perfectly matched for the design since it can be 
inserted into low pressure pipes by using standard compression coupler for turbidity 
monitoring and readings are giving every three seconds. It shows that output currents 
at the maximum turbidity values close to 20mA, so that it is easy to work with 
microcontroller. 

Selected pH sensor, PH-BTA has an Ag-AgCl combination electrode with a range of 
0 to 14 pH units. It is a high quality electrode for water quality monitoring. And also 
it is very compatible with microcontroller interfacing. 

Stepper Motor 

The stepper motor is to change the position of valve. Either increment or decrement 
of the value of turbidity by 10 valve position is changed according to the pre defined 
values in ADC. Either increment or decrement of the value of pH value by 0.1, valve 
position is changed according to the pre defined values in LDC. 
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DIN 1 24 DOUT 

DIG 0 2 23 S E G D 

DIG 4 3 22 SEG DP 

GND 4 21 S E G E 

DIG 6 5 20 SEG C 

DIG 2 6 19 V+ 

DIG 3 7 18 ISET 

DIG 7 8 17 S E G G 

GND 9 16 SEG B 

DIG 5 10 15 SEG F 

DIG 1 11 14 S E G A 

LOAD (CS) 12 13 CLK 

Fig 3-3: Pin Configuration of MAX7219 
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Stepper motors are commonly used in measurement and control applications. 
Following features are common to all stepper motors make them ideally suited for 
these types of applications. 

Stepper motors are brushless. The commutator and brushes of conventional motors 
are some of the most failure - prone components and they create electrical arcs that 
are undesirable or dangerous in some environments. 

Stepper motors will turn at a set speed regardless of load as long as the load does not 
exceed the torque rating for the motor. 

Stepper motors move in quantified increment or steps. As long as the motor runs 
within its torque specification, the position of the shaft is known at all times without 
the need for a feedback mechanism. 

Stepper motors are able to hold the shaft stationary. (Holding torque) 

Stepper motors have an excellent response to start - up, stopping and reverse. 

3.5 Methodology of the research 

The study is based on primary data collection of jar test unit data. It is taken from 
Ambatale water treatment plant. Three no of jar tests are carried out per day. Data 
from May, 2006 to April, 2007 were recorded. Since it includes whole year both dry 
and rainy conditions are covered. Turbidity and pH value of incoming water, Alum 
requirement pre Lime requirement and post Lime requirement in ppm consist in the 
sample. 

After analyzing the data, equations for optimum dosage of Alum and pre Lime with 
Turbidity and pH of incoming water are found respectively. Then three hundred real 
situations are taken and applied new results to them. There turbidity, pH value of raw 
water and turbidity, pH value at settled water at pulsators, pre-treaters and centriflocs, 
turbidity, pH value of filtered water and turbidity, pH value of final water are 
measured. Above procedure was done to check the validity of results. 
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Then the system is designed using PIC16F876 microcontroller as the controller. 
Source codes are constructed using Assembly codes. Value of turbidity is measured 
by a turbidity sensor. That value is taken to the microcontroller and it makes .the 
decision of the Alum dosage and changes the valve position using stepper motor 
accordingly. Either increment or decrement of the value of turbidity by 10 makes the 
changing of valve position in ADC. Either increment or decrement of the value of pH 
value by 0.1 makes the changing of valve position in LDC Using MAX7219 IC value 
of current value of turbidity and current value of pH are displayed in ADC and LDC 
respectively. 

Block diagram of the system is shown in Fig 3-4. 

Fig 3-4: Block Diagram of the System 
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