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Preface to the  
second edition

The first edition of this book was published in 2011; since then, the field 
has undergone significant developments, driven by advancements in tech-
nology, changing environmental concerns and evolving regulatory frame-
works. Much of what was viewed in 2011 as leading edge is now in many 
cases normal practice.

At a time when there is much criticism of the UK Water Industry it worth 
remarking that current compliance with UK standards (incorporating 
EU standards) stands at 99.97% overall. The quality of UK tap water is 
among the best in the world. As Editors, we have meticulously curated 
this updated edition to reflect the dynamic nature of water management 
in the belief that by doing so, we can help the UK and Europe to main-
tain their world leading position and provide the tools for others to meet 
similar standards.

All chapters have been thoroughly reviewed, and where appropriate the 
latest research findings, case studies and practical insights have been 
incorporated. Our expert contributors have delved deeper into critical 
topics, ensuring accuracy and relevance.

This second edition introduces fresh perspectives through revised chap-
ters, addressing various design, operational, financial and sustainability 
considerations for water supply and distribution system management. 
Entirely new chapters, dealing with smart water systems and digitalisa-
tion, explore the integration of smart water technologies and predictive 
analytics in water infrastructure management, and, while previously in 
one chapter, water resource management and water treatment are now 
separated, giving these two topics their own identities.

This book would not be possible without the generosity of contributors, 
reviewers and practitioners who have shaped this edition and to them 
we extend our heartfelt gratitude. Their expertise and dedication have 
elevated the quality of this work.

As they embark on this journey through the ever-expanding intricacies of 
water supply and distribution, we invite our readers to engage with the 
evolving landscape. It is our hope that like the first edition this book will 
serve as a valuable resource for researchers, engineers, policymakers and 
students committed to ensuring a sustainable water future.

Dragan A. Savić FICE, FCIWEM
KWR Water Research Institute, The Netherlands and  
University of Exeter, UK

John K. Banyard OBE, F.R.Eng, FCGI, FICE, FCIWEM
Independent consultant, Warwick, UK
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Preface to the  
first edition

There are already a large number of textbooks covering hydraulics 
and water engineering, so why do we need yet another one to fill our 
bookshelves?

While the above is certainly a valid question, we, the editors, with long 
experience in both academia and with Water Service Providers were aware 
that there was a gap. With privatisation of the UK Water Industry in the 
late eighties, which brought changes to the organisation of the industry 
including a high level of regulation, a reduction in in-house expertise and 
a decline in research investment, there is a need to provide a useful refer-
ence book for practising engineers, particularly to provide information on 
up to date practice in today’s increasingly complex Water Industry. This is 
important as practitioners in the developed (and the less developed) parts 
of the world face not only classical design and management problems, 
but also ever increasing environmental and sustainability requirements 
and concerns and at the same time few engineers can hope to keep pace 
with the vast amount of material presented at conferences and seminars. 
We also felt that there needed to be a book, which would provide a suit-
able guide for final year undergraduates and MSc students of water and 
environmental engineering courses, but which at the same time could be 
a useful reference after graduation when they enter employment with the 
Water Industry, environmental protection agencies or consultancies.

We have not tried to cover the whole of the Water Industry, but rather have 
focused on Water Distribution, where there have been major advances in 
the engineer’s ability to optimise solutions, and obtain levels of under-
standing that have been denied to previous generations of practitioners.

To achieve this aim, we have assembled authors from academia, con-
sultancy and the Water Service Providers to ensure that each chapter 
provides a balanced view of not only what is theoretically possible, but 
also what is practical both in the design office and in the world of water 
distribution system operation.

We hope that our readers will find this book helpful in their working lives, 
and that it will not become yet another tome that gathers dust on the 
bookshelves.

Dragan A. Savić FICE, FCIWEM
KWR Water Research Institute, The Netherlands and  
University of Exeter, UK

John K. Banyard OBE, F.R.Eng, FCGI, FICE, FCIWEM
Independent consultant, Warwick, UK
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1.1.	 Introduction
One of the problems facing the water distribution engineer is the longevity of the assets that they 
are responsible for. Today those fortunate enough to live in the developed nations of the world have 
come to take the supply of potable water for granted. Yet it is certainly within living memory of 
some of the population that there was a time when many houses had a single cold-water tap, with 
no bathroom, and certainly no washing machine or dishwasher. The very significant increase in 
volume of water consumed, not to mention far higher quality standards, are often overlooked and 
the technology is viewed as ‘the water flows through pipes as it did in my grandfather’s day’ with 
the result that many believe that the industry has ossified. Even more sadly, it is possible to find 
practitioners who also share the same beliefs, with a view that what was satisfactory for their pre-
decessors must be satisfactory today. For that reason alone it is worth taking a short space within 
this book to review the historical development of water treatment and distribution. However, it is 
also important to provide at least a basic foundation of what has gone before to help better under-
stand today’s technology and good practice. In doing so we shall hopefully prepare the way for 
future developments to be introduced to enhance today’s practices.

In reality the history of water supply and distribution is one of over 200 years of constant innova-
tion and development. Where there have been lulls, it has not been through lack of effort, but rather 
waiting for science and technology to develop and, sometimes, waiting for those concepts to be 
capable of being deployed. The advent of the digital age has facilitated huge strides forward, with 
a result that the technical sophistication is now beyond the wildest imaginings of those who worked 
in the industry only 60 years ago.

1.2.	 History of water treatment and supply
It is impossible to say precisely when the first installations of artificial water supply were intro-
duced. We know that man must always have needed access to clean water for survival. For nomadic 
peoples this was simply a matter of finding a clean river or spring.

Early conurbations were sited near to water sources, and there is evidence of early civilisations 
going back to at least the fourth millennium BC. The earliest form of water engineering appears to 
have been the construction of irrigation canals, but at some stage wells must have been constructed. 
Rather than get involved in lengthy discussions as to where or when the first water supply system 
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was constructed, it will meet our needs in understanding the historical developments of water sup-
ply if we rely on Roman sources, and, in particular, the work of Frontinus ( 35–103 AD). Frontinus 
was certainly not the first Roman to write about water supply; approximately 100 years earlier, 
the architect Vitruvius (c.75–15 BC) had produced a large work on architecture, which included 
among many other topics the construction of aqueducts. However, Frontinus is a more helpful 
source because he was appointed manager of Rome’s water supply in 97 AD. Furthermore, he left 
a report on his work, which has survived as a text book, which, well beyond his intentions, has been 
used to instruct (willingly or otherwise) generations of Latin students.

Frontinus was not an engineer; he was an extremely successful professional soldier who, in 76 AD, 
was appointed governor of Britain. At the end of his term as governor he returned to Rome having 
already written a book outlining military stratagems. He was faced by a new challenge, one for 
which he was not wholly prepared, and having tackled it, he produced ‘De aquis urbis Romae’. In 
this he sets out his understanding of the history of Rome’s water supply, saying that for the first 
441 years of Rome’s existence it was supplied by wells, springs and, of course, the River Tiber. 
However, around 312 BC the first aqueduct was brought into use, known as the Appian Aqueduct, 
after Appius Claudius Crassus, who was also responsible for the Appian Way. The aqueduct was 
around five miles long and much of it was constructed underground. He goes on to detail a further 
ten aqueducts, all constructed before he took office. Today’s engineers might care to ponder the 
engineering feat of building such a structure, which Frontinus would describe as still being in use 
some 400 years after its initial construction.

It is interesting that Frontinus condemns the construction of the Alsietian (or Augusta) aqueduct by 
the emperor Augustus since the water is described as unwholesome and not used for consumption 
by the people. We have clear evidence, therefore, that there was at this time clear understanding of 
the link between water and illness, indeed it would be surprising if this were not the case.

The book goes on to reveal that, in modern parlance, Frontinus inherited a mess. He explains how 
he had all of the aqueducts surveyed and drawings produced, so that he did not have to waste his 
time going out to view problems personally, his subordinates could explain the issue to him with 
the help of the appropriate drawing. He had the aqueducts relined with lead to prevent leakage and 
vigorously pursued the owners of villas along the route of the aqueducts who had tapped into them 
to provide a free water supply to their properties. There was no water treatment as we would rec-
ognise it, but water discharged at the end of the aqueducts into tanks where impurities could settle 
out. Water was generally distributed around Rome by water sellers, and Frontinus has some harsh 
words for them. Overall, Frontinus applied his military background for standards and discipline 
very successfully to the management of the Roman aqueducts and, in doing so, gave a good indica-
tion of the tasks required of the asset manager, which would be recognised some 1900 years later.

Although Frontinus was only concerned with Rome’s aqueducts, the provision of water supplies 
was extremely important to all of Rome’s cities. Perhaps the most famous is the spectacular Pont 
du Gard near the French city of Nimes but it is by no means unique, and the ruins of the aqueduct 
that brought water into the city of Barcelona are still visible near to the Gothic cathedral.

Unfortunately, with the decline and, eventually, the fall of the Roman Empire, the aqueducts fell 
into disrepair and the population returned to the methods that had served Rome for the first 440 
years of its existence (if Frontinus is indeed correct). It appears that in medieval times, monaster-
ies started to pipe water as an addition to the supplies from wells on which they were frequently 
founded, and it is possible that some of this water found its way to the local population.
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In 1589 Sir Francis Drake was instrumental in providing the city of Plymouth with a new water 
supply known as Drake’s Leat, dug by hand (although not in the single day ascribed by legend), 
and in 1613 the New River was constructed to bring fresh water to the ever expanding city of 
London from the River Lea some 20 miles away. However, none of these schemes can really be 
compared with the technical achievements of the Romans. Equally, some 1400–1500 years after 
Frontinus, civilisation was indeed catching up with the Romans of his era.

The lack of water treatment and clean water supplies began to manifest themselves as the Industrial 
Revolution took place. Farm workers flocked to the new industrial cities to better their existence, 
but this placed huge strains on both water supplies and sanitation, both of which were extremely 
basic, and outbreaks of both typhoid and cholera became common place, albeit by no means con-
tinuous. The state of the working classes was exposed in a report by Edwin Chadwick, published in 
1842, and quotations from these reports adequately demonstrate the misery of those days.

The various forms of epidemic, endemic and other disease caused, or aggravated or propagated chiefly 
among the labouring classes by atmospheric impurities produced by decomposing animal and vegeta-
ble substances, by damp and filth and close and overcrowded dwellings prevail among the population 
in every part of the kingdom…

That such disease wherever its attacks are frequent is always founding connection with the above 
circumstances…

The formation of all habits of cleanliness is obstructed by defective supplies of water.

The poet Shelley went further in one of his works, stating that ‘Hell is a city rather like London’.

Although Chadwick’s reports did start the movement to provide better living conditions, particu-
larly in terms of sanitation, the lack of scientific understanding about the cause of disease was a 
major hurdle.

It is difficult now to fully understand why the link between impure water and disease was not 
appreciated, particularly as there is ample evidence that there was a desire for clean wholesome 
water. In 1852, the Metropolis Water Act required all water derived from the Thames and supplied 
in London within 5 miles of St Paul’s Cathedral to be at first filtered, but, even so, the accepted 
medical theory for much of the nineteenth century was that typhoid and cholera were airborne 
diseases, spread by the breathing in of miasmas (foul air) and had nothing to do with water, which 
was considered ‘clean’ as long as it was clear and not turbid.

The germ theory of disease did, indeed, exist, but it was not accepted by the majority of the popu-
lation nor scientific opinion. It had its proponents, one of whom was Dr William Budd of Bristol 
who recognised that clean sources of water were required to avoid the spread of cholera. In the 
early 1840s he had used a microscope to examine rice water, the term used for the stools produced 
by cholera patients; he found organisms that he had also found in drinking water and concluded 
(incorrectly) that the organism was a fungus, and was responsible for cholera. Dr Budd became one 
of the people responsible for establishing the Bristol Waterworks Company in 1846, which brought 
clean water to the city from the Mendip Hills through an aqueduct.

Budd wrote up his work in 1849, and was in correspondence with a Dr John Snow in London (who 
in 1849 had produced a paper suggesting that cholera was not spread by miasmas), but the paper 
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produced little interest. Interestingly, a careful reading of Chadwick’s report shows that he fully 
subscribed to the miasmic theory.

In 1854, there was an outbreak of cholera in Soho, a district of London loosely defined by what in 
modern London are Oxford Street, Regent Street, Leicester Square and Charing Cross Road. There 
was nothing exceptional about this, as London in those days suffered regular outbreaks of both 
cholera and typhoid, as indeed did most cities and large towns within the UK and, indeed, Europe 
and the USA. Dr Snow came to realise that all of his patients obtained water from the same pump 
in Broad Street. He plotted the progress of the outbreak on a map and demonstrated to the public 
authorities that the outbreak in Soho was indeed linked to the Broad Street pump, and persuaded 
them to remove the handle of the pump, after which the outbreak rapidly subsided. It is ironic that 
in the paper that he subsequently wrote in 1855 concerning the outbreak and his work in stopping 
it, he identified a number of patients who had used the Broad Street pump in preference to alterna-
tive sources closer to their homes. Subsequent investigation showed that the well which supplied 
the Broad Street pump was located very close to a cess pit. Despite the success in stopping this 
particular outbreak of cholera, the pump handle was in fact reinstated by the authorities once the 
epidemic had passed.

Snow’s work was not accepted by the medical establishment. His case was not helped by the fact 
that he had subjected the water to chemical and microscopic examination and failed to identify any 
agent that he could categorically state was the cause of the cholera outbreak. Today this seems to 
us almost incredible, particularly as it was well known from microscopic examination that there 
were organisms in the water. However, it was to be another 30 years before the ‘germ theory of 
disease’ was to be established by the French scientist Louis Pasteur. It is impossible to put a precise 
date on Pasteur’s work, as he published a number of papers from 1865 on, but by 1880 the case for 
germ theory was established as correct. Pasteur did not invent the germ theory, it had existed as a 
hypothesis for many years; what he did was to demonstrate convincingly that the germ theory was 
correct and the more widely accepted miasmic theory was invalid.

Looking back at historical actions is always difficult, and today it seems unbelievable that the per-
ceived wisdom of the medical establishment supported the miasmic theory. It was certainly well 
known that drinking dirty water led to illness and that had been the case for centuries, it was one 
of the reasons given for medieval monasteries brewing beer, although there may also have been 
other incentives. Nonetheless, it was undoubtedly the case that until Pasteur’s work, the majority 
opinion was that serious illnesses such as typhoid, cholera and even the plague were transmitted by 
miasmas. Although it easy to be critical of such failure to accept what is now obvious, history has 
many such examples: the failure of the Church to accept the work of Copernicus is one example, 
a far more recent one is the opposing views about the nature of the universe. Einstein’s theory of 
relativity leads to the conclusion that the universe is constantly expanding as proposed by Hub-
ble (the Big Bang theory) but there are others like Hoyle and Bondi who proposed a ‘steady state’ 
model; Hubble’s ideas are now generally accepted, but there still persist a number of other models 
with their proponents which may eventually be proved to have some validity. Scientific progress 
tends to be incremental and it is against that background that we now need to view the development 
of the principal water treatment processes.

The first recorded instance of use of a filtration system for water treatment was Paisley, Scotland, 
in 1808. However, this did not reflect some farsighted public health concerns by the city fathers, 
rather it was installed by John Gibb to improve his cloth bleaching business. The town is sited on 
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the side of the River Cart, which was notorious for becoming turbid in times of storm. This vari-
ability in water quality affected the colouring of the cloth being bleached. It is reported that he was 
so successful he was able to sell surplus water to those who wished to pay for it.

The first municipal installation of water filters (slow filters) was at Chelsea by James Simpson in 
1829, some 23 years before the Metropolis Water Act referred to above.

The first installation of filters in the USA was in Richmond, Virginia in 1833, and there was a large 
installation of ‘English’ filters installed at Poughkeepsie in New York by James P Kirkwood in 
1872. Thereafter the efficacy of water filtration as a means of avoiding outbreaks of disease became 
more readily demonstrable, however, although a well-designed filter made a tremendous improve-
ment to the quality of water, it could not guarantee purity. By 1880 Pasteur’s demonstration of the 
germ theory was becoming accepted and water professionals could start to concentrate on remov-
ing the offending organisms.

In 1895, George W Fuller, working at Louisville in the USA, was attempting to find the most appro-
priate way of treating the waters of the Ohio River and successfully combined the addition of chemi-
cal coagulants and water filtration to produce the now classical two stage process that is at the heart 
of many water treatment plants around the world. He formed his own consultancy practice subse-
quently, and was responsible for a much larger installation at Little Falls, New Jersey, in 1902.

Fuller also worked on the development of so called rapid gravity filters, which are commonplace 
today, being cleaned mechanically as part of the operational cycle, rather than depending on man-
ual excavation of sand associated with the original slow sand filters. Although the basic concept of 
chemical coagulation followed by filtration has remained for over 120 years, that does not mean 
that there has been no progress. Doubtless if Fuller were to visit a modern treatment works he 
would recognise his basic process sheet, but he would also be amazed at the sophistication now 
deployed. The coagulation process is now carefully controlled by computers, and the separation 
process is undertaken in a variety of clarifier designs that improve performance beyond anything 
that he was able to achieve. Even his dependence on gravity for separation has been replaced, 
at times, by use of dissolved air flotation. More recently, the advent of membrane filtration has 
started to challenge the traditional flow sheet, but these devices, employing as they do filtration at 
a truly molecular level, still require protection in the form of roughing filters or the use of chemical 
coagulants to break the molecular bonds before separation takes place across the membrane with 
use of a partial vacuum.

Despite the huge advances in coagulation and filtration, there remains one further element in the 
process of modern water treatment that has a major impact on the work of all water distribution 
engineers. This is the question of disinfection. While Fuller and his contemporaries were pursuing 
the removal of dangerous bacteria from the water supplies, an alternative approach was also being 
developed, that of simply killing the bacteria. Of course, the chemicals used had to be harmless to 
man and, hence, strong oxidising agents were used.

There are several claims made for the first use of chlorine in treating drinking water around the 
start of the twentieth century, particularly in Middlekerk and Antwerp. It is probable that its first 
use was not in the United Kingdom, although there are some references to Maidstone in 1897. 
What is well established is that, in 1903, there was an outbreak of typhoid at Fulborne Asylum in 
Cambridgeshire. The authorities sought permission from the House of Lords to introduce chlorine 
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into the drinking water, but the request was refused on the grounds that it would be too dangerous. 
Twelve months later there was an outbreak of cholera in Lincoln and, one assumes learning from 
the experience at Fulborne, the city fathers did not seek any approval but went ahead with the use 
of chlorine and the outbreak rapidly abated. At this point they made a fatal mistake and stopped 
using chlorine, which in turn resulted in a further outbreak several years later. However, Lincoln is 
generally credited with the first use of chlorine in water treatment in the UK. From that time on, the 
use of chlorine became increasingly commonplace in the control of both typhoid and cholera. In 
1909, the city of New Jersey became the first municipality in the USA to use chlorine as permanent 
element of its water purification process. Gradually, disinfection with chlorine (or compounds of 
chlorine such as hypochlorite) became part of the established water treatment process flow sheet.

In 1935 there was an outbreak of typhoid in Croydon, UK, and again chlorine had not been used 
in the treatment process. Following that outbreak, the UK legislation was changed and it became a 
requirement for potable water to contain a residual disinfectant when distributed through the pub-
lic water supply network. Since that date there has not been a single reported case of waterborne 
cholera or typhoid within the UK.

The requirement for a residual disinfectant provides a major challenge to the distribution engineer. 
Initially, it was sufficient for the water to leave the treatment works with a high chlorine residual 
and for it to simply decay as it passed through the distribution system. However, public opin-
ion turned against the taste of highly chlorinated water and, while the inaugural address of one 
president of the American Waterworks Association contained the suggestion that ‘If you can’t taste  
the chlorine, don’t drink the water’, this can only have brought comfort to the manufacturers of 

Figure 1.1  Effect of water purification on the death rate from typhoid fever in a city drawing water 
from a clear lake
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bottled water. Today’s distribution engineer has to be able to manage the levels of chlorine within 
the distribution system to achieve a balance between the competing demands of public acceptabil-
ity and public health. To do that, it is necessary to be able to predict the flow regimes within pipe 
networks, which is the subject of the next part of this review of the historical development of water 
distribution practice.

But before we move on, there is one final piece of this particular ‘treatment jigsaw’ that needs to be 
understood. Three processes are required for effective water treatment and each stage is essential, it 
is not a ‘pick and mix’ situation. Figure 1.1 shows the efficacy of the standard three stage approach.

Typical improvement in death rate following introduction of Water Treatment Technology (Fair, 
Geyer and Okun, 1966).

1.3.	 Evolution of pipeline materials
As we have seen with water treatment technology, we shall also find continuous evolution of pipe-
line materials over the last 150 years.

We can again start with Rome, where Frontinus makes it clear that lead was used for pipes and also 
to make discharge devices to control flows from aqueducts and cisterns. It is also interesting to 
note in passing that 100 years earlier, Vitruvius appears to report (his writings are not always clear 
because he presumes detailed knowledge of then current practice) problems with what appears to 
be an inverted siphon, where material technology could not withstand the bursting forces. It may 
therefore be the case that Roman preference for aqueducts rather than pipes across valleys related 
to limitations in pipe materials rather than ignorance of the hydraulic phenomena which allow 
inverted siphons to function.

It is also clear that clay pipes were available to Roman engineers and, indeed, earlier civilisations 
but they also would have limitations in terms of bursting resistance and were probably used for 
sewers (where such existed). We should, perhaps, stress that there is no suggestion of Roman 
houses all having running water. A few very rich individuals had water piped to their houses to a 
single point of discharge but, as Frontinus makes clear, the vast majority depended on collection 
themselves from cisterns at the end of aqueducts or the services of water sellers who (supposedly) 
collected water from cisterns and distributed it around Rome in carts.

Again, with the fall of the Roman empire much of this was lost and we have to wait until the Mid-
dle Ages to find any return to public water supply provision.

Early water mains were made from hollowed out tree trunks, joined with a socket and spigot joint 
which itself was sealed by wrapping in lead or some other material. There are numerous examples 
of this technology in museums.

1.3.1	 Iron pipe
It is not clear when the first cast iron water pipes were introduced, but it is known that cast iron 
pipe was used to distribute water to the various fountains of the Palace of Versailles in 1672. It is of 
passing interest that there was, and still is, insufficient water to feed all of the fountains at the same 
time, and so they had to be switched on or off as the King approached or passed them.

In all probability, there were earlier uses of cast iron pipes but they are less celebrated and, sadly, 
not recorded; although the American Ductile Iron Pipe Research Association reports their first 
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use as 1455 in Siegerland, Germany. However, it is clear that cast iron pipe began to be used for 
water supply in the eighteenth and nineteenth centuries. The first recorded use of cast iron pipe 
for water supplies in the USA appears to be in the early 1800s in the New Jersey and Philadelphia 
areas, where they replaced traditional wooden pipes. Initially, these pipes were cast horizontally 
and were of uneven quality, but around 1850 vertical casting was developed, which produced a far 
more reliable product. There was no standardisation of sizes for these early pipes, and engineers 
would specify not only the internal diameter of the pipe they required but also its wall thickness.

The next major advance was the invention of the centrifugal spinning process in 1918. In this, 
instead of a mould which defined the internal and external diameters, there was only a hollow cir-
cular mould that fixed the external diameter. This was rotated at speed about its longitudinal axis 
and molten metal was poured into it. The centrifugal force took the molten metal to the internal 
surface of the mould and the quantity of liquid iron applied defined the internal diameter. This pro-
cess provided a far more uniform pipe material with less possibility of air bubbles or casting flaws. 
This process gradually replaced vertical and horizontal casting, but of course could not be used for 
pipe fittings such as Tee junctions and bends.

In 1955, a further advance was made with the development of ductile iron pipes. Traditionally, 
pipes had been made of gray iron, which was strong and durable, but brittle. By modifying the met-
allurgical composition, a material was developed that was far less brittle and could accept a small 
amount of deformation. Although being developed in the United States in the mid 1950s, it did not 
reach the UK until the 1970s. Initially it appeared to be a far superior material, and was manufac-
tured in part from scrap steel (although still technically an iron), however, experience showed that 
it was more prone to corrosion than the gray iron that it had replaced. There then followed a series 
of developments aimed at corrosion prevention, starting with on-site wrapping in polythene sheets, 
through to today’s standard of factory applied multicoated protection systems.

A number of other materials were developed and challenged the traditional approach of iron water 
mains, and we shall look at those shortly, however, before doing so we should also look at jointing 
of pipes.

The early cast iron pipes were sealed with what was known as a run lead joint. Molten lead was 
poured into the annulus between the spigot of one pipe and the socket of the other pipe. As the lead 
cooled, it solidified and shrank, it then had to be compressed by use of a series of chisel like tools 
and a hammer to form a water tight joint. It was of course necessary to insert caulking before the 
lead to prevent it running down the length of the spigot. Some pipes also had a small channel cut 
into the inner circumference of the spigot to assist in making the joint and providing a path and 
holding channel for the lead. This highly skilled and somewhat dangerous technique was replaced 
by the invention of the sealing ring. There are several different styles of ring, generally protected 
by patents, but for the purpose of this introduction they can be viewed as an ‘O’ ring that is com-
pressed between the spigot and the socket at each joint. Flanged joints and various mechanically 
restrained joints are also available, but push fit joints are most commonly used for external infra-
structure (buried pipes).

1.3.2	 Asbestos cement pipe
One of the early rivals to cast iron was the development of asbestos cement pipe. Essentially, this 
is a cement pipe that gets its tensile strength from the incorporation of 11% asbestos fibres. The 
pipes were used from the 1920s to the 1980s, and many kilometres are still in use around the world, 
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