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Thesis Summary. 

The project was carried out as part of a Teaching Company Scheme between 
Wrexham Water and the University of Aston. The initial remit was to identify and 
remove bottlenecks in a recently constructed potable water treatment plant known as 
Legacy Water Treatment Works and to design and install an effective process control 
system. This remit soon changed and the project then concentrated on:- 
understanding and then optimising the chemical dosing throughout the plant to 
improve product quality and consistency; initiating and implementing a change in 
operating philosophy among Wrexham Water staff; and introducing new techniques 
and technologies to the treatment process. 

The treatment process at several treatment works was observed and after 
preliminary trials a change was made to an alternative coagulant which resulted in 
coagulation costs being reduced by 15%. At one treatment works the investigation 
into the process revealed an overdosing of both coagulant and lime, the correction of 
which has resulted in a saving of £44,950 per annum. 

A significant improvement in the performance of the instrumentation was 
achieved. The need for improvement and the areas to target were highlighted by a 
series of instrument audits. An 87% improvement has been realised. 

Assessment of the performance of Legacy treatment works showed a bottleneck in 
the existing filter plant. Due to other operational considerations a new filter plant was 
procured; installation will be completed by August 1995. 

Quantifiable cost savings from work undertaken as part of this research project 
amount to £109,450 per annum and one-off savings of £302,000. Many of the 
benefits of the work carried out are intangible and a monetary value is hard to place 
on them. 

_ Introduction of the changes to the treatment plant has been accompanied by a 
significant and definite change in attitude of the Wrexham Water personnel to many 
of the work practices. 

FIVE KEY PHRASES :- 
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1. INTRODUCTION.



1. INTRODUCTION 

1.1 General Introduction. 

The research project was carried out under a Teaching Company 

Scheme between Wrexham Water and the University of Aston in 

Birmingham. The initial remit was to identify and remove bottlenecks in 

a recently constructed potable water treatment plant known as Legacy 

Water Treatment Works and to design and install an effective process 

control system. (Ref. 2) While initially investigating these two subjects it 

became apparent that there was neither sufficient understanding of the 

chemical treatment process itself nor were reliable measuring instruments 

available to support a modern integrated control system. The project 

therefore concentrated on:- understanding and then optimising the 

chemical dosing throughout the plant to improve product quality and 

consistency; initiating and implementing a change in operating 

philosophy among Wrexham Water staff; and introducing new techniques 

and technologies to the treatment process. 

2 Teaching Company Schem 

The Teaching Company Scheme is concerned with bringing about 

industrial change through the implementation of technology. (Ref. 1) It is 

supported and financed by a number of government agencies including 

the Department of Trade and Industry. Its mission is to strengthen the 

competitiveness and wealth creation of the UK by the stimulation of 

innovation in industry through partnerships between academia and 

business. The main objective of the scheme is to facilitate the transfer of 

technology and the spread of technical management skills, and to 

encourage industrial investment in training, research and development. 
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13 Wrexham Water, 

The Wrexham and East Denbighshire Water Company was set up in 

1864 as a statutory water company to bring piped stream water into the 

town of Wrexham. (Ref. 3) The original works consisted of an abstraction 

reservoir, slow sand filters and a storage reservoir. The original works 

have been abandoned but some of the original distribution pipework is 

still in use. 

As the town grew in size alternative water sources were needed and 

new reservoirs were built. In 1945 changes in the law allowed water 

companies to amalgamate and Wrexham Water acquired several nearby 

water companies and now serves an area covering 690 square kilometres 

and a population of 150,000. Water is served to properties at elevations 

from 10 metres above sea level to over 365 metres above sea level. 

Raw water is taken from various sources such as upland reservoirs, 

bore holes and rivers. The Company has a total of 7 treatment works 

which jointly supply 45,000 cubic meters of treated water every day. The 

treated water is distributed through 1400 kilometres of mains and 120 

kilometres of communication pipes. There are also 32 booster stations 

and 33 service reservoirs and treated water tanks in the distribution 

system. 

Wrexham Water was the first water company in Europe to gain 

BS5750 accreditation in March 1992 for the collection, treatment, 

distribution and testing of potable water. 

1.4 Programme of Work, 

Legacy Water Treatment Works was commissioned in 1990 to 

produce 13-5 mega litres per day (MLD) of drinking water. There was an 
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opinion at Wrexham Water that the plant should be capable of a 

maximum production rate of 18 mega litres per day. Therefore it was 

thought that there were production bottlenecks in the treatment process 

and it was the initial aim of the Teaching Company Programme project to 

identify and remove these bottlenecks and to design and install a process 

control system in order to improve product quality. 

Two real bottlenecks were identified, together with a third factor that 

was a misunderstanding of the plant capability rather than a practical 

bottleneck. 

The first restriction was found to be the filter plant at the end of the 

treatment process which can adequately treat 11-25 MLD but at 13-5 

MLD the quality of the water produced deteriorates drastically due to 

breakthrough of the filter beds. 

The second factor is the water tower through which the entire plant 

production must pass before leaving the works. This again can only cope 

with 11-25 MLD rather than the required 13-5 MLD. 

The misconception over total potential capacity arose through the fact 

that the treatment plant consists of two parallel streams, each capable 

individually of producing 9 MLD, but due to common front and back 

ends to the process, they can together only produce a maximum 13-5 

MLD. The plant was purposely designed in this way to minimise the 

impact of shutting down one of the parallel streams for maintenance. 

The investigation into the production process highlighted a number of 

problems. There was a persistent failing of the existing instrumentation 

used to both monitor and control the treatment process. Part of the 

project therefore concentrated on the availability of the instrumentation 

and ways of improving reliability for both monitoring and control 
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purposes.. Three key areas were closely examined. These were the floc 

formation process, the pH correction process and the disinfection process. 

It was also found that there were serious deficiencies in the system 

providing water saturated with air to the flotation stage of the process. 

Modifications were designed, installed and commissioned to overcome 

the original shortcomings. In view of these difficulties arising through 

Wrexham Waters failure to specify adequately the final product quality 

and the preferred process for the Legacy Water Treatment Works, a 

proper specification procedure was introduced to deal with new capital 

projects. The procedure was implemented during preparation of 

documents for Legacy Rapid Gravity Filter project. 

1.4 Programme of Work, 

All the work undertaken as part of this project was either undertaken 

or driven by the author. Where specific tests and expertise were required, 

these were also arranged by the author. For example, section 3.1 was 

undertaken with assistance from staff from Laporte Inorganics Ltd. and 

members of Wrexham Water staff; section 3.6.3 was dependent on an 

input from Wrexham Water staff and from companies tendering for work 

on the rapid gravity filters. 

=13=



2. BACKGROUND. 

aJ4=



2. BACKGROUND. 

2.1 Description of Legacy Water Treatment Works. 

Raw water can be treated by a variety of physical and chemical 

methods to make it potable. The particular methods employed at each 

water treatment works depends on the type, quality and consistency of the 

raw water supply. At some treatment works the water is merely filtered 

to remove any debris, chlorinated to disinfect it and then put out to 

supply. At others it receives a more complex treatment and should be 

considered as a commercial chemical process. 

At Legacy Water Treatment Works (WTW) the raw water goes 

through a series of treatment steps to produce potable water. Raw water 

was initially supplied to Legacy from three sources, Ty-Mawr, Minera 

and Talwrn and was consequently difficult to process because of its 

varying composition. 

Ty-Mawr is a large upland raw water reservoir which collects and 

stores the water that runs off the surface of nearby hills. This water 

carries both colour and turbidity and has a high buffering capacity which 

makes it reasonably easy to treat. The Minera source is derived from an 

abandoned lead mine working. Due to the rock structure, rainfall from 

the area collects in the mine and water is taken from the upper levels of 

the mine where it is most suitable for treatment. This source supplies 

water that is normally low in both turbidity and colour with high 

alkalinity but low buffering capacity which makes it very difficult to 

treat. Talwrn water comes from a borehole. This source is high in 

manganese and is difficult to treat. It has recently been abandoned. 

Further sources have been added during 1994 from the River Dee and 

Penycae Reservoirs. The current sources are shown in Figure 1. Water is 

abstracted from the River Dee at Sesswick and pumped up to Legacy via 
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Marchwiel Reservoir using the Conjunctive Use Scheme, see Appendix 

4, River Dee water has a high buffering capacity and contains both 

colour and turbidity. It also can contain a number of man-made 

pollutants. Penycae is an upland reservoir system. The water from this 

source has a very high colour and little turbidity. Whilst this water has 

not been chemically treated previously, initial investigations suggest that 

it is suitable for chemical treatment. 
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Figure 1 - Raw Water Sources at Legacy Water Treatment Works. 
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As the. raw water leaves the source it passes through a coarse strainer 

to remove any large pieces of debris. Shortly before it enters the 

treatment works it passes through a second finer strainer to remove 

smaller entrained material. 

The main water inlet valves to Legacy Water Treatment Works are 

each controlled individually by means of a corresponding 3-term 

controller, so the valve will modulate to control the water flow rate to that 

manually set at the controller. Should an automatic process shutdown 

occur, then all the main water inlet valves will close simultaneously. 

These valves are designed for slow closure to avoid water hammer or 

shocking of the mains. 

The chemical treatment process at Legacy WTW itself can then be split 

into five main sections. These are coagulation, flocculation, flotation, 

filtration and disinfection. The sections themselves are now described 

and the theory is covered in section 2:2. A schematic of the plant is 

shown in Figure 2 and a site layout is given in Appendix 1. 
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Figure 2 - General Schematic of Legacy Water Treatment Works. 
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2.1.1 Coagulation. 

Coagulation is the destabilisation of colloidal particles brought about 

by the addition of a chemical reagent known as a coagulant. Chemicals 

are added to the water in the flash mixer to start the chemical treatment 

process and convert the ‘dirt' in the water into a form that is suitable for 

removal. 

At Legacy the primary coagulant used is aluminium sulphate solution, 

known more commonly, though incorrectly, as alum. This is delivered to 

the site by road tanker as a 7-5% aqueous solution and stored in a glass 

reinforced polypropylene tank. 

The alum is dosed into a rapid mixing unit called a flash mixer by 

means of a variable speed diaphragm pump which is speed linked to the 

total flow of the plant. The metering of the alum is adjusted manually 

using stroke length by the treatment plant operators depending on the 

quality of the raw water. The flash mixer ensures thorough distribution 

of the chemicals throughout the water and also provides the energy 

needed for the coagulation process to take place. (Ref. 11) 

Lime slurry and polyelectrolyte are also added in the flash mixer. The 

lime slurry is used to control the pH of the resultant solution to achieve 

optimum chemical treatment conditions, with pH being measured in a 

continuous sample removed from the flash mixer. The polyelectrolyte is 

a flocculation agent that helps bind the delicate floc particles together to 

give them a greater strength and size and so aid in subsequent treatment 

steps. 

At full plant throughput the water has a residence time in the flash 

mixer of approximately one minute. 

The flow is then split into two parallel streams having the same 

treatment stages, see Figure 2. First is flocculation, then flotation, after 
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which the streams are re-combined. The streams are split in this way to 

aid cleaning and maintenance of the plant items. Flocculation and 

flotation are the two stages where floc is likely to sediment and 

accumulate to the extent that periodic equipment cleaning is necessary. 

The streams are sized such that when one side is shut down the other 

stream can handle two thirds of the full plant capacity, thus reducing the 

impact of maintenance on the overall production rate. However, since no 

flow measurement equipment has been installed it is probable that the 

residence time and thus the efficiency of the treatment process will be 

different in each stream. 

2.1.2 Flocculation. 

Flocculation consists of two stages, with a different degree of gentle 

agitation in each stage. The mixing in the second stage is more gentle 

than in the first. The water is stirred by means of a large gate agitator to 

promote ortho-kinetic flocculation. Flocculation causes the existing 

small floc particles to impact on each other and stick together forming 

larger particles which can be removed by downstream processes. After a 

residence time of approximately 20 minutes in the flocculators the water 

then passes on to the dissolved air flotation plant. 

2.1.3 Dissolved Air Flotation. 

Air is used to lift the floc particles to the surface of the tank for 

removal. As the water enters the flotation tank it meets a stream of 

pressurised water saturated with air from the saturator. The flow of the 

pressurised air saturated stream into the main water flow is controlled by 

needle valves, but is not measured. There are eight valves spaced across 

the incoming flocculated water flow, located immediately before the 

point at which the air saturated stream meets the main water flow. As the 
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pressure is released from the saturated stream the dissolved air comes out 

of solution forming micro-bubbles which attach to the floc and lift it to 

the surface of the tank where it collects as a sludge blanket, Figure 3. A 

submerged baffle in the tank aids the process. The sludge blanket is 

periodically scraped off by a mechanical device and then transferred to 

the sludge treatment plant. The clarified water passes from the bottom of 

the flotation tank and on to the filters. 

  

SLUDGE 

    
    

CLARIFIED 
FLOCCULATED, WATER 
WATER —B> — 

  

WATER UNDER PRESSURE 
SATURATED WITH AIR     
  

Figure 3 - Diagram of Flotation Tank. 

The air-saturated water is generated local to the flotation plant by 

means of a vertical packed saturator, the layout of which is shown in 

Figure 4. The vessel is essentially a packed tower with a saturated water 

storage area at the bottom of its volume. Compressed air, at a pressure of 

approximately 6 bar, is supplied to the vessel. A supply of clarified water 

is taken from the outlet of the flotation tank and pumped to the top of the 

saturator. This is termed the recycle stream and normally constitutes 8% 

of the plant throughput. 

Ne



  

FLOCCULATED WATER 

        

    

  

SATURATOR 
VESSSEL 

AIR 

FLOTATION 
TANK 

RECYCLE 
PUMP       

RECYCLE STREAM 

CLARIFIED WATER       
Figure 4 - Schematic of Saturator Recycle Stream. 

2.1.4 Filtration. 

After the treatment processes of coagulation, flocculation and 

flotation, there are still fine particles of floc in the water. These 

suspended solids are removed by filtration. The current method at 

Legacy WTW is pressure filtration using a sand medium. 

There are twelve pressure filters at Legacy treatment works and each 

filter is automatically backwashed at least once each day to remove the 

accumulated dirt. The filter to be washed is isolated and partially 

drained. Air is first blown through the filter from the base to scour the 

bed and loosen any debris. The bed is then backwashed for a set period 

of time using filtered water. The filter is then returned to service. The 

dirty backwash water is collected and transferred to the sludge treatment 

plant. 
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2.1.5 Disinfection. 

The final stage of the treatment process before the water goes into 

supply is disinfection. 

Whilst the initial stages of the treatment process remove a large 

proportion of the micro-biological components, there is still a significant 

level of activity in the water. In order to bring this down to a safe level 

the water is disinfected. Disinfection destroys some organisms and 

inhibits the growth of others so that the water is safe to drink. Most of 

the pathogenic organisms and a further percentage of the microbial 

content are rendered non-viable, but again the process is not 100% 

efficient. The water is not sterilised since sterilisation implies that all the 

microbes have been destroyed and there is no attempt to achieve this 

situation in the commercial potable water treatment process, but the water 

still complies with all relevant legislation. 

2.1.6 Sludge Treatment. 

Solids are removed from the plant effluent by the on-site sludge 

treatment plant. There are three stages to the sludge treatment process, 

namely thickening, storage and centrifuging; a schematic is shown in 

Figure 5. The dirty backwash water from the filters contains very little 

solids, the actual content depends on the state of the filters when washed, 

but is normally in the range 0-005% to 0-01%. This needs to be 

thickened to around 1% solids to enable the centrifuge to operate 

effectively. This is achieved using a Water Research centre (WRc) 

Patent Sludge Thickener. The dirty water is mixed with polyelectrolyte 

to aid the thickening process and is then fed into the thickener via a 

central feed well. Flocculation takes place and a sludge layer is formed 

in the base of the tank. Clear water flows out from the top of the tank 
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over a radial launder and is discharged to a nearby watercourse. The 

thickened sludge is transferred to a stirred holding tank by means of 

progressive cavity pumps. 

The sludge from the flotation plant already contains 3% solids and so 

is sent directly to the holding tank without any pre-treatment. When 

sufficient sludge has accumulated in the tank a centrifuging cycle is 

initiated. By this method the sludge is further concentrated to give a final 

solids content of 16%. This final solid product is collected in skips and 

removed to a suitable landfill site. The centrate is returned to the sludge 

thickener. 

  

SOLID PRODUCT 
TO SKIPS 

  

CENTRATE     

  

CENTRIFPGE 
      

FROM DIRTY 
BACKWASH 
WATER TANK 

    

  

    

SLUDGE 
STORAGE 
TANK 

  
POLYELECTROLYTE 

SLUDGE 
FROM 

FLOTATION     
  

Figure 5 - Schematic of Sludge Plant. 

2.1.7 Telemetry System. 

The operating status of many items of plant at each treatment works is 

monitored continuously via a telemetry system, which collects both 

analogue and digital data from the treatment works and displays it on a 

central unit at Wrexham Water's control room. Data are available on the 

state and operation of larger and more critical pumps, reservoir levels, pH 
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readings, chlorine readings and turbidity readings. A list of available 

parameters from Legacy Water Treatment Works is shown in Appendix 

2.1. Through the central computer, single point readings and graphs of 

the data can be displayed; examples are shown in Appendices 2.2 and 

2.3. The Control Room Officer monitors these on a 24 hour basis. 

Alarms are generated if any parameter exceeds pre-set levels. The 

Control Room Officer can then display further data to establish the cause 

and the urgency of the alarm. 

2.1.8 Alterations to Legacy WTW. 

In addition to the changes in raw water sources described hitherto 

there have been several major changes to the treatment works which are a 

direct result of this project. These changes are now outlined in flow 

order. 

The primary coagulant has been changed from aluminium sulphate to 

a new water treatment product from Laporte Inorganics, Ferral 2060. 

This, a mixture of aluminium sulphate and ferric sulphate, gives a more 

stable floc at substantially lower cost and was introduced to the process 

during July 1994. See Section 3.1. 

Initially there was only one air saturation vessel installed at Legacy 

Treatment Works, which is expected to be on line 365 days per year. 

This made it impossible to maintain the plant or conduct inspection tests, 

in spite of having two parallel flotation streams. A second vessel has 

been procured, installed and commissioned with updated pipelines and 

dedicated pumps to provide two separate recycle streams that can be 

operated in a more flexible manner. 
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In 1995, the pressure filters will be replaced by two continuously 

washing rapid gravity filters with a medium of granular activated carbon 

as described in Section 3.6.3. This will enable the plant to work at full 

throughput and still maintain the required water quality. The detailed 

specifications for the equipment were drawn up with the assistance of 

Wrexham Water staff, put out to tender, checked, compared and a 

preferred solution recommended to Wrexham Water for implementation. 

2.1.9 Alterations to Wrexham Water. 

Significant changes to the operating philosophy and attitude of the 

Wrexham Water staff have been brought about as a direct result of this 

project. Staff are now more prepared to consider new techniques and 

new technology, co-operate more effectively with other Wrexham Water 

departments, contribute to the decision making process involved in new 

capital projects, and accept the cost implications arising from the decision 

making process. Staff are more attentive to the performance of the water 

treatment plant and are now more likely to identify faults and suggest 

realistic improvements. 
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2.2 Theory of Water Treatment, 

2.2.1 Coagulation. 

Published information on coagulation and the chemistry of the water 

treatment process is both sparse and vague. Much of the available 

reference material is written by American authors and thus refers to 

American standards and water types. There is little literature published 

by researchers in Britain. Most of the references are written from the 

civil engineering viewpoint and so the detail devoted to the chemical 

processes involved tends to be somewhat basic. 

Coagulation and flocculation are essential pre-treatment steps for the 

removal of finely divided particulate matter which, due to its small size, 

will not settle out of suspension by gravity in an economical time frame. 

(Ref. 11) Aggregation of fine particulate matter into larger particulates by 

the use of coagulation and flocculation facilities permits cost effective 

removal in subsequent solids separation processes. 

Particulates of inorganic origin, such as clay, silt and mineral oxides 

usually enter the raw water through natural erosion processes and can 

decrease the clarity of the water to an unacceptable level. Organic 

particulates, such as colloidal humic and fulvic acids, are a product of 

decay and leaching of the organic debris that has fallen into the raw water 

source. These particulates impart a colour to the water which in some 

extreme cases can be nearly opaque. Removal of these particulate 

contaminants is required for both aesthetic and health concerms. 

Organic matter (Ref. 5) covers a wide range of compounds which 

feature differing physical and chemical properties. Each stage of the 

water treatment process contributes to the removal of a certain part of the 
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organic matter. The higher the organic matter content in the water, the 

greater the probable diversity of organic substances; hence a greater 

number of treatment stages may be required. Many water sources in 

Britain are currently relatively clean and require only one or two stage 

treatment. Some sources however may need as many as five stages of 

treatment. 

Removal of the particulate contaminants may also assist in the 

removal of toxic contaminants, such as heavy metals, pesticides and 

viruses, known to be associated with inorganic and organic particulate 

matter in the water. Removal of colloidal organic particles that produce 

colour has gained increased attention because of the discovery that these 

particulates, although posing no known health hazards to consumers, will 

react with chemical oxidants used in water treatment, such as chlorine or 

ozone, to form organic by-products with known or potential health 

hazards for consumers. 

Coagulation is the first main step in the chemical treatment process. 

Coagulants are added to the raw water to facilitate the removal of 

contaminants in the water. Primary coagulants are generally metal 

sulphates or chlorides; ferric and aluminium salts are normally used as 

they have limited toxicity, the final product has low solubility and the 

positive triple valency of the cation is crucial to the coagulation process. 

The Schulze-Hardy theory indicates that a trivalent ion is at least ten 

times more effective than a divalent ion (Ref. 5) and 700 to 1000 times 

more effective than a monovalent ion. 

The coagulant is added to the raw water where it is rapidly and 

thoroughly mixed in a unit called a flash mixer. The design of the flash 

mixer can be a turbulent channel, a static mixer in a pipe or a mechanical 

device such as a Rushton Turbine. Mechanical devices are most common 
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in the developed world. Static devices are more prevalent in third world 

countries where power sources are not so readily available. Electrically 

driven agitators are most favoured in developed countries as they are 

more flexible and occupy less area. 

Coagulation is suitable for raw waters (Ref. 5) having one or more of 

the following characteristics :- 

* suspended solids at a level higher than 20 to 40 g/m3 for all or 

part of the year 

* colour level greater than 30 mg/l on the Co/Pt colour scale 

* high level of organic matter 

* heavy metal content above the maximum recommended limit 

* high plankton content. 

To render waters with only moderate turbidity potable, it is generally 

sufficient to undertake coagulation, flocculation and single stage settling 

or flotation. 

Use of a flocculant aid is nearly always beneficial (Ref 5) not only to 

increase the rate of separation, but also to obtain better clarified water. 

Experience shows that, in general, no additive will allow reductions in 

the dosage of coagulant without adversely affecting the treated water 

quality. 

The actual chemistry of what is happening in the flash mixer is 

relatively unknown. The reactions taking place depend upon the 

conditions in the flash mixer, contaminants in the water, flow patterns in 

the mixer and many other factors. Figure 6 shows the seasonal effect of 

temperature on the aluminium residual, just one of the parameters in the 

flash mixer, when all other physical parameters are kept constant. Data 
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have been collected and analysed over three month periods, i.e. quarters, 

starting with quarter one showing data from April to June. 
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Figure 6 - Legacy Residual Aluminium, Quarterly Mean Values. 

The dose rate of each of the chemicals is still determined by operator 

experience on a qualitative basis and remains very much a ‘black art’. A 

statement (Ref. 12) from Laporte Inorganics, the major British supplier, 

reads: "There is no way of calculating the amount of alum to dose nor its 

optimum pH for flocculation; this can only be determined for each 

individual situation by a jar test." 

The chemistry of the coagulation stage is extremely complex. Ona 

simplistic basis a chemical reaction takes place in the flash mixer 

between the coagulant and the alkalinity in the water to produce small 

particles of aluminium hydroxide. 

Alo(SO4)3 + 3Ca(HCO3)2 = 2Al(OH)3 + 3CaSO4 + 6CO2 
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This is far removed from the actual situation where the hydrolysis 

products of aluminium are very complex and can include compounds of 

the form [AI(H)0);OH]?* and [Alg(OH)15]** and sulphate complexes 
may also appear. As a result the actual reactions taking place are difficult 

to specify. (Ref. 18) 

Initially this micro-aggregate of aluminium complexes is so small that 

it cannot be visually identified. The floc particles have a high surface 

area and a high positive surface electrostatic charge. Dissolved 

impurities in the water generally possess a negative surface electrostatic 

charge. They are attracted to the positively charged floc particles and the 

charges neutralise each other at a molecular level. (Ref. 5) 

Although the precise nature of the reactions taking place is not known, 

the general principles of the reaction have been postulated. Dr. A 

Grohmann (Ref. 4) suggested that there are three processes taking place in 

the flash mixer. First is "flash mixing" itself which distributes the 

coagulant through the water and starts the diffusion process of the 

coagulant to the impurities. Second is destabilisation where the chemical 

reaction starts to take place between the metal cations of the coagulant 

and the surface of the impurities. Third is micro-aggregation when the 

particles aggregate to form micro-floccules. The time taken for these 

three processes can be less than 1 second or as much as 30 seconds 

depending on circumstances, such as the constituents and quantities of 

natural chemicals in the raw water, initial pH and temperature. 

Many theories are available for the mechanisms involved in 

coagulation though these theories are very hypothetical and do not always 

apply to the real situation where there are many uncontrollable factors 

influencing the reaction. The Schulze-Hardy theory (Ref. 19) is generally 
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accepted as a fair basis for understanding the process and it suggests that 

destabilisation of the colloids in the water occurs by the presence of 

oppositely charged ions compressing the diffuse ionic layer surrounding 

colloidal particles. Destabilisation is achieved by the introduction of 

coagulation chemicals into the flash mixer which reduces the inter- 

particulate forces. The inter-particulate forces can be reduced by several 

methods :- 

+ charge neutralisation by specifically absorbed charged species 

+ surface precipitation and formation of inter-particle bridges 

* coagulant precipitation and entrapment of particulates 

* compression of double charge layer. 

The predominant mechanisms will change with the chemical 

composition and physical elements of the water. 

2.2.2 Flocculation. 

The next stage in the process is flocculation. The water passes out of 

the flash mixer and into the flocculators which are large, slowly agitated 

tanks. The particles formed by coagulation, although increased in size 

from the original particles, are still too small to be removed efficiently by 

a physical process. In order to increase the particle size further the semi- 

treated water is slowly stirred by use of large gate type stirrers to promote 

flocculation. As the water is stirred the floc particles collide with each 

other, with colloids and other suspended solids. The particles 

agglomerate, forming larger floc particles. Gentle agitation is required to 

cause collisions between the particles at a reasonable rate while avoiding 

breakdown of the aggregates already formed; this is known as ortho- 

kinetic flocculation. Collisions will occur naturally by Brownian motion, 

ago


