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PREFACE 

A N ample supply of good water, the prompt removal and hygienic 
disposal of all foul matter—^these are the indispensable foundations 
of healthy lite. 

The provision and maintenance of these essential services is 
the province of the engineer. There are others who in various 
capacities are more or less closely concerned with them. The 
members of a City, Borough or District Council have to make 
decisions of vital import to their constituents, often involving the 
expenditure of large sums of money. The quahty of a water 
supply, the cleanliness of the home and its surroundings, and the 
maintenance of the purity of our rivers are matters which come 
within the purview of the Medical Officer. The Sanitary Inspector 
and the Health Visitor, before they can quahfy for their respective 
appointments, must show some acquaintance with the rudiments 
of water supply and drainage. 

Of the making of textbooks there is no end, and some justification 
is needed for the addition of yet another to their number. On 
the practical side the author can lay claim to no more experience 
than falls to the lot of many another engineer. But for more 
than twenty years he has been accustomed to lecture to students 
in sanitary science. From 1909 to 1918 he was charged with the 
duty of training sanitary personnel for the Army. H e had also 
to give elementary lectures on hygiene to some thousands of officers 
and men belonging to the combatant units. Under the auspices 
of the Chadwick Trust and the Imperial Health Week Committee 
he has often been called upon to lecture to popular audiences. 

His chief qualification, however, for the task which he has set 
himself is the experience which he has gained as an examiner. 
H e has for many years been engaged in the examination of candi
dates for membership of the Institution of Sanitary Engmeers. 
H e has also, under the auspices of the late Sanitary Inspectors' 
Examination Board, taken part in the examination of a large 
number of candidates for appointments as Sanitary Inspectors 
and Health Visitors. In the course of this work, more particularly 
in the viva-voce examinations, he has had exceptional opportunities 
for discovering the weak points of the candidates and the deficiencies 
of their training. W h U e he cannot, in the space at his disposal, 
attempt to teU the engineering student a tithe of what he ought 
to know, he hopes at least to give him a surer grasp of the 
principles upon which Sanitary Engineering is based. 
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H e hopes, too, that this book will be not without value 
to the practising engineer. For Sanitary Engineering is not 
standing stiU. Within the past twenty years important advances 
have taken place ahke in the purification of water and sewage 
and in the disposal of refuse. With many of these developments 
the author, like other engineers, has been compelled to keep in 
touch for the purposes of his practice; whUe others have been 
brought to his notice by the many books which he has had to 
review. 
The records of recent progress in Sanitary Engineering are scat

tered over a multitude of pamphlets and reports and the whole of 
the engineering press. The author has endeavoured to bring together 
in reasonable compass the substance of what has been accomplished 
in recent years. 
The work of the Sanitary Engineer is many-sided. It calls for 

some acquaintance with several branches of science, more particu
larly with hydrauhcs, chemistry, bacteriology and geology. Brief 
outhnes of these are accordingly given. A number of original tables 
and formulae are now published for the first time. 

Sanitary work is done in fulfilment of obhgations imposed by law, 
and its cost is usually defrayed out of money raised by statutory 
authority. It has to be-carried out in compliance with rules laid 
down by a long series of Acts of Parliament, many of which have 
been passed in the course of the last few years. A section of this 
book is accordingly devoted to the subject of Public Health law and 
sanitary administration. 
While this book is primarily concerned with the broader aspects 

of the Engineer's work, its practical side has not been overlooked. 
Special attention is given to some of the many difficulties which 
are met with in practice. The author's object in short has been to 
give a useful and comprehensive survey of Sanitary Engineering as 
it is understood and practised to-day. 

The hterature of Sanitary Engineering is immense, and it is 
growing month by month. In the author's " Activated Sludge 
Process " he gives a bibliography containing references to no 
fewer than 644 books and articles dealing with this one branch 
of the subject. It seemed to him that in the present case so 
comprehensive a bibhography would be more confusing than 
useful. H e has accordingly confined himself to referring to a 
few standard works, the titles of which will be found at the 
ends of the appropriate sections. 

H e is indebted to the pubhshers and manufacturers who have 
kindly permitted him to reproduce some of the illustrations, to 
Mr. A. E. Lauder, Town Clerk of Southgate, and Mr. J. B. Thom
son, Engineer and Surveyor to the Southah-Norwood Urban District 
Council, for reading the section on Sanitary Administration, and to 
Mr. J. W . Dudley Robinson, Ph.D., Secretary to the Royal Sanitary 
Institute, for glancing through the whole of the M S . 



WORK OF THE SANITARY ENGINEER 

EERATA 

Page 31, line 13: delete "Association of Sanitary Inspectors" and 
3 fl fi "Pf^^^ 

31, insert " Institute of Chemistry, 30, Russell Square, London, 
W.C. 1." 

32, htsert'' Sanitary Inspectors' Association, 27A, Moreton Street, 
Westminster, S.W. 1." 

46 line 8 : for " 52-08 ft. to 1 in." read " 41-67 ft. to 1 m. 
" 70, „ 20:/or"60°F."reod"39-rF." 
„ 75, formula near foot of page : 

Jor"{n + ''^yread"{h + ^^y 

100 line 4 : for " a part of their purified sewage " read " water 
from the River Don, about one-half of which 
consists of efHuent from their sewage works,". 

121 18 from bottom : for " cast-iron cylinder," read " steel 
shell,". 

•718 3 : before "and C a coefficient," ^nsGrt 
" G the gradient, . 

990 7 . for " 41 miles " read " a mile and a 
halt. 

„ 449, after line 5 : insert "Humphreys, C. L. Howard, M.Inst.C.E., 
Consulting Engineer, Westminster, 300, 302. 

„ 449, line 7 : delete " 300, 302 ". 
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PART I 
SANITARY ADMINISTRATION 

CHAPTER I 

INTRODUCTORY AND HISTORICAL 

SANITAEY ENGINEEBING has for its object the safeguarding of the 
public health. 
In a primitive community, living a natural Ufe, a high standard 

of health may be maintamed without the aid of the sanitary 
engineer; but the artificial conditions of modern, life have brought 
with them new dangers and new needs. 

A hundred years ago those dangers and those needs were very 
imperfectly realised. Again and again devastating outbreaks of 
disease had swept over the country, but they were regarded as 
visitations of God and accepted with an almost oriental fatalism. 
Scanty supplies of bad or doubtful water, sewage-soaked soil and 
accumulations of decomposing refuse were tolerated as a part of 
the natural order of things. 

Yet sanitary engineering is not new. The palace of Minos at 
Cnossus, dating from about 2000 B.C., possessed an elaborate 
system of drainage. Nineveh had its sewers more than three 
thousand years ago. The cloaca maxima, the great sewer of ancient 
Rome, was buUt about 588 B.C. The aqueducts, marvels of 
engineeruig sMll, which brought water to R o m e from sources forty 
or fifty miles away, are more than two thousand years old, and 
some of them are stiU in use. Ancient R o m e enjoyed a water 
supply of no less than 300 gallons per head per day, and is said 
to have been far healthier than the modern city. But the R o m a n 
Empire was shattered : Ro m a n civUisation crumbled away; and 
for many centuries Europe was plunged into a state of sanitary 
barbarism. 
In the presence of the bighly organised sanitary service of to-day 

it is not easy to reaUse the conditions which prevailed in this 
country less than a hundi-ed years ago. In 1837, when Queen 
Victoria came to the throne, 
" the householder stored his filth as he hked, or got rid of it as he 
could. From early in the century water-closets (such as they were) 
had begun to be used in the better houses; but nearly all these 
houses had cesspools—commonly cesspools which both leaked and 

3 
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stank; and in to-wns a cesspool of that sort would generally be in 
the basement of the house. Nuisances injurious to health abounded 
everywhere; and against such nuisances, ho-wever flagrant, there 
was no sort of summary jurisdiction." "" 

How long this state of things might have continued it is im
possible to say; but in 1831 the country was shaken out of its 
complacency by a terrible outbreak of Asiatic cholera, the first of 
a series of four. Panic prevailed, and attention began to be drawn 
to the sanitary conditions under which the mass of the people 
Hved. Health was at last recognised as a matter of public concern, 
and a demand sprang up for Government action to protect the 
health of the people. 

The Government had not been idle. In June, 1831, whUe the 
disease was yet at a distance, a " Consultative Board of Health " 
had been set up to take precautions against the introduction of 
cholera into the United Kingdom. In November of the same 
year it gave place to a new " Central Board of Health." It was 
provided, moreover, that in the event of the country being invaded 
by cholera, local Boards of Health were to be established everywhere, 
consisting of the magistrates, two or more medical practitioners, 
the clergy of the parish and three or more principal inhabitants. 
These, however, were merely emergency measures. The conception 
of a permanent PubHc Health service had yet to foUow. 
The origin and growth of our Public Health services have been 

well described by Sir John Simon, the first Medical Officer of 
Health to the City of London, subsequently Medical Officer to the 
Privy Council, in his " English Sanitary Institutions." f The 
story is a long one, and need only be briefly summarised here. It 
would not be right, however, to omit a reference to the pioneer 
work of Sir Edwin Chadwick, whose wholehearted and indefatigable 
labours played so great a part in the moulding of our Public Health 
administration. His " General Report on the Sanitary Condition 
of the Labouring Population of Great Britain," published in 1842, 
is without doubt the most illuminating and momentous sanitary 
document which has ever been penned. H e summed up the causes 
responsible for disease in one pregnant sentence:— 
" That the various forms of epidemic, endemic, and other disease 

are caused or aggravated or propagated, chiefly amongst the labour
ing classes, by atmospheric impurities produced by decomposing 
animal and vegetable substances, by damp and fUth, and close and 
overcrowded dwellings." 

SANITAEY LEGISLATION 

The newly awakened concern for the pubHc health brought in 
its train many additions to the Statute Book. The lethargy of 
centuries gave place to a period of great legislative activity. But 

* " English Sanitary Institutions," pp. 167, 168. f Cassell & Co., 1890. 
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the course of sanitary reform has not run smooth. Many diffi
culties were encountered; and experience in dealing with them 
had yet to be accumulated. A great system of Public Health 
administration could not be fashioned in a moment. There were 
formidable obstacles to be overcome. Powerful vested interests 
barred the way. Unreasoning conservatism and distrust of innova
tion had to be fought. ParHament was preoccupied with other 
matters, and the defeat of a Government and its consequent 
resignation might undo the labours of years. It is no wonder, 
therefore, that progress was slow and halting, and that dis
couraging setbacks were all too frequent. 
Local Acts. The earliest Public Health legislation was local in 

character. Towns which desired to suppress particular nuisances 
or to carry out improvements apphed to Parliament for powers to 
enable them to do so, and in the course of a hundred and fifty 
years a long series of local Acts found their way to the Statute 
Book. But there was no general PubHc Health measure applying 
to the country as a whole. 
Public Health Act, 1848. In 1845 a comprehensive Government 

BiU " for the improvement of the sewerage and drainage of towns 
and populous districts, and for making provision for an ample 
supply of water, and for otherwise promoting the health and con
venience of the inhabitants " was introduced by the Earl of Lincoln. 
The Government, however, had to resign, and the Bill was with
drawn. A new " Health of Towns Bill," on similar Unes, was 
introduced by Viscount Morpeth two years later; but it was 
strenuously opposed, and had to be abandoned. In the following 
session, however. Lord Morpeth was more successful. He intro
duced a BiU which, like its predecessor, was strongly opposed, 
but after prolonged discussion and some amendment it passed 
through both Houses, and received the royal assent on 31st August, 
1848. 
The Public Health Act, 1848, contains 152 sections, covermg a 

wide range of subjects. 
Section 4 constituted a General Board of Health, but limited 

its duration to five years. The next few sections defined the 
powers of the Board. Sections 8, 9 and 10 prescribed the pro
cedure to be followed in the formation of local boards of health. 
Section 12 constituted the Town Councils of Boroughs local 

boards of health; and Section 37 required local boards to appoint 
a surveyor, an inspector of nuisances, a clerk, a treasurer and rate 
collectors. 
General Board of Health. The General Board of Health consisted 

of three members. It was given a general control over the activities 
of the local boards in connection with local improvements and the 
prevention of disease. And, in view of the grim shadow which 
hung over the country, it was to be the regulating authority in 
connection with the special requirements due to the presence or 
imminence of formidable epidemic disease. 
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The Act constituting the General Board of Health was passed 
oh the express condition that it should continue in operation only 
" for five years and to the end of the next session of Parliament." 
Accordingly, in 1854 the Act, and with it the Board, came auto
matically to an end. 

The Government proposed to renew the Act, but they were met 
by an angry and determined opposition. The Board had made 
many enemies. It was inevitable that in the performance of its 
duties it should come into coUision with persons and classes whose 
interests were afiected by its work. Local Authorities complained 
that it was too dictatorial. Its cardinal doctrines were assailed, 
and it was accused of being over-eager to force its views on the 
country. The proposal to renew the Act was defeated. 
A new B m , amending the Act of 1848, was introduced next 

day and passed into law. A new Board of Health ("a Board 
only in name ") was appointed in the place of the old one. The 
Act was to be renewed from year to year. The new Board, after 
a precarious existence of four years, came finally to an end in 
1858. 
Acts of 1858. The year 1858 was marked by the enactment of 

two important statutes. The Public Health Act, 1858, transferred 
the powers of the General Board of Health under " The Diseases 
Prevention Act, 1855," to the Privy Council. It empowered the 
Council to appoint a Medical Officer. As a sop to the Opposition, 
the duration of the Act was limited to one year. Sir John Simon 
was appointed Medical Officer, and, with the assistance of a staff 
of able colleagues, he succeeded in doing much valuable work. 
The Local Government Act, 1858, transferred most of the remain

ing powers of the Board of Health to the H o m e Secretary. It 
provided for the adoption of the Act in corporate boroughs, in 
places under a Board of Improvement Commissioners, " and in 
other places having a known boundary." It conferred on Local 
Boards under this Act aU the powers, duties and UabUities of the 
Act of 1848. It authorised them to make by-laws as to new 
streets, new 'GuUdings, the closing of uninhabitable dwellings, 
ventilation and drainage. It extended the powers of the 1848 Act 
with regard to water supply and sewerage. 

The Local Government (Amendment) Act, 1861, made considerable 
alterations in the Act of 1858. Two years later a further amending 
Act had to be passed to stop a curious practice which had sprung 
up in connection with the earlier Acts. A new Highway scheme, 
creating Highway Boards in parishes, had been introduced, and 
it contained a provision exempting Local Board Districts from 
contributing to the expenses of the Highway Boards. Many 
places of small extent and of inappropriate character had hastened 
to procure this exemption by adopting the provisions of the Local 
Government Act. The new Act provided for the dissolution of 
districts formed without the object of carrying the provisions of 
the law into effect, and prevented places where the population 
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was below a certain hmit from adopting the Act of 1858 without 
the consent of the Home Secretary."* 

Sanitary Act, 1866. The year 1866 witnessed the enactment of 
the Sanitary Act, a measure which made great additions to the 
powers of the Local Authorities, and, more important stiU, imposed 
on them the duty of exercising these powers. 
Royal Sanitary Commissions, 1868, 1869. Great as was the 

progress recorded in the foregoing pages, the state of the law 
relating to Public Health was emmently unsatisfactory. To quote 
Sir John Simon, it " had become incoherent almost to the point 
of chaos." t Mr. Ernest Hart, Chairman of the National Health 
Society, speaking in Leicester in 1885, said there were then some
thing hke 700 Acts of general appHcation relating to local affairs. J 
During the previous seventeen years ParHament had not been 
idle, but it is safe to say that some 600 of those Acts were in force 
in 1868. The compHcation resulting from this mass of piecemeal 
legislation led to great embarrassment and many complaints. 
Accordingly, in November 1868, a Royal Commission was appointed 
to inquire into the operation of the Sanitary Laws for toTvns, 
villages and rural districts in Great Britain and Ireland. A change 
of Government ensued, and in the following April a fresh Com
mission was appointed. In the spring of 1871 it presented a report 
recommending, inter alia, that the present fragmentary and con
fused sanitary legislation should be consoHdated; that the adminis
tration of sanitary law should be made uniform, universal and 
imperative throughout the kingdom; and that aU powers requisite 
for the health of towns and country should in every place be 
possessed by one responsible Local Authority, kept in action and 
assisted by a superior authority. The report further recommended 
that aU the more general objects of sanitary legislation should be 
dealt with by one comprehensive statute, and the administration 
of the laws concerning the pubHc health and the relief of the poor 
should be presided over by one minister. 

Local Government Act, 1871. The scheme outHned by the 
Commission was received with almost unanimous approval, and 
the Government gave early effect to it in the Local Government 
Act, 1871. This Act constituted the Local Goyernment Board, 
and transferred to it aH the powers and duties previously vested 
in the Poor Law Board, together with those vested in the Home 
Secretary or the Privy Council in respect of Local Government 
and PubHc Health. 
Public Health Act, 1872. The following year witnessed the 

enactment of the PubHc Health Act, 1872. This Act divided the 
country (outside the MetropoHs) into Urban Sanitary Districts and 
Rural Sanitary Districts, and transferred to the Authorities of these 
districts aU the powers, rights, duties, capacities, HabUities and 
* " New Sanitaiy Laws," Lumley, 1873, p. ix. 

t " English Sanitary Institutions," p. 323. 
% Journal, Sanita/ry Institute of Great Britain, Vol. VII, p. 288. 
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obhgations previously exercised by or attaching to the Authorities 
which they superseded. It made it the duty of every urban 
sanitary authority to appoint a medical officer of health, and of 
every rural sanitary authority to appoint a medical officer or 
officers, an inspector or inspectors of nuisances, a clerk and a 
treasurer. 

The relations of the Local Government Board to the sanitary 
authorities were defined, and the Board were empowered to invest 
any rural sanitary authority with all or any of the powers of an 
urban sanitary authority or to declare any rural sanitary district 
or any part thereof to be an urban sanitary district. The Board 
were also given power to permit a rural sanitary authority to 
constitute any portion of the area within its jurisdiction a special 
drainage district, or to form two or more sanitary districts or 
parts thereof into a united district for purposes of water supply, 
sewerage or any other purpose of the Sanitary Acts. 

Rural sanitary authorities were authorised to delegate their 
powers to committees consisting wholly of their own members or 
to parochial committees. 

Sanitary authorities were empowered to borrow money on the 
security of the rates for the purpose of defraying expenses incurred 
in the performance of their duties under the Sanitary Acts; and 
the PubHc Works Loan Commissioners were authorised, on the 
recommendation of the Local Government Board, to lend money 
to any sanitary authority at 3^ per cent, per annum. 

Public Health Act, 1875. It remained to carry into effect the 
most important of the recommendations of the Sanitary Commis
sion, viz. that the sanitary law should be consoHdated. This was 
brought about by the PubHc Health Act, 1875, which m a y weH be 
caUed the bible of the sanitary administrator. It is probably the 
most complete sanitary code to be found in the world. It con-
soHdates whoUy, with a few exceptions, twenty-two Acts of ParHa
ment, and contains no less than 343 sections. The Urban and 
Rural Sanitary Districts which were estabhshed by the Act of 1872 
are known in this later Act as " Urban Districts " and " Rural 
Districts," respectively. The provisions of this Act which relate 
to the work of the sanitary engineer are referred to in the suc
ceeding chapters. " Amenditnent " Acts, deaHng with the various 
branches of PubH c Health administration, have been passed from time 
to time, but the main provisions of the Act of 1875 are stiU in force. 

Later Public Health Acts, The last forty years have witnessed the 
enactment of a score of PubHc Health Acts, great and smaU, deaHng 
with various phases of Public Health administration. 

The PubHc Health Acts Amendment Act, 1890, is an " adop
tive " Act. The whole or any part of it m a y be adopted by an 
urban authority, and Part III, the only part of the Act dealing 
with sanitary matters, by a rural authority. 

The three PubHc Health Acts of 1896 and 1904 relate exclusively 
to the prevention of the conveyance of infection by shipping. 
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The PubHc Health (Regulations as to Food) Act, 1907, enables 
regulations to be made for the prevention of danger to pubHc 
health from the importation, preparation, storage or distribution 
of articles of food. 
The PubHc Health Acts Amendment Act, 1907, covers a wide 

range of subject matters, among others, streets and buildings, 
sanitary provisions and infectious diseases. Any part of it may 
be put into force by the Minister of Health on the appHcation of 
a Local Authority. 
The PubHc Health Act, 1925, made further provision with respect 

to streets and buildings, drains and sewers, nuisances, verminous 
premises and persons, recreation grounds, infectious diseases and 
hospitals, baths and wash-houses and other matters. 
In the course of the present century many new duties have been 

imposed upon Local Authorities. 
The Maternity and Child Welfare Act, 1918, empowers them to 

make arrangements for attending to the health of expectant and 
nursing mothers and that of children under the age of five. 
In 1902 the old School Boards, which came into existence in 

1870, were aboHshed, and their functions were transferred to the 
County Borough and Urban District Councils. Increasing atten
tion is now being given to the health and physique of school 
children. The Education Act, 1921, consolidating the enactments 
relating to the education and emplojnnent of children, imposes 
upon education authorities the duty of making such arrangements 
as may be sanctioned by the Minister of Health for attending 
to the health and physical condition of the children attending 
their schools. 
Housing. The question of the housing of the working classes has 

long engaged the attention of ParHament. The earher legislation, 
such as the Common Lodging-Houses Acts of 1851 and 1853, 
aimed merely at the regulation of lodging-houses, but as time 
went on the need for providing suitable dweUings began to be 
recognised. 
Section 7 of the Housing of the Working Classes Act, 1885, 

made it the duty of every Local Authority to secure the proper 
sanitary condition of aU premises within the area under their 
control. 
The Working Classes Dwellings Act, 1890, gave facilities for 

gifts of land for dwellings for the working classes in populous 
places. The Housing of the Working Classes Act of the same 
year imposed upon urban sanitary authorities the duty of making 
'" improvement schemes " for the clearing of unhealthy areas and 
the provision of dwellings for the working-class families displaced 
thereby. 
The SmaU Dwellings Acquisition Act, 1899, gave power to Local 

Authorities to advance money to enable the occupants of smaH 
houses to acquire them. 
Town Planning. The haphazard growth of our cities and towns 
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and the lack of any co-operation between adjoining owners have 
often led to grave inconvenience, the recurrence of which it is 
sought to prevent by means of " town-planning " schemes. 
The Housing, Town-Planning, &c., Act, 1909, gave power to a 

Local Authority to make a town-planning scheme " as respects any 
land which is in course of development or appears Hkely to be 
used for building purposes, with the general object of securing 
proper sanitary conditions, amenity, and convenience in connection 
with the laying out and use of the land, and of any neighbouring 
lands." 

Provision is made in the Act for setting up joint committees 
constituted by adjoining authorities in connection with schemes 
extending beyond the area of a single authority. 
The Housing, Town-Planning, &c., Act, 1919, imposed on every 

Local Authority within the meaning of Part III of the Housing of 
the Working Classes Act, 1890, the duty of considering the needs 
of their area with respect to the provision of houses for the working 
classes, and of preparing and submitting to the Local Government 
Board a scheme for the exercise of their powers under that Act. 
In case of failure on the part of a Local Authority to exercise these 
powers, the Board were empowered to transfer the obligation to 
prepare and carry out a scheme to the County Council. 
The Housing (Additional Powers) Act, 1919, authorised the 

acquisition of land by Local Authorities for the development of 
garden cities or for the purposes of town-plamiing schemes. 
Further amendments of the law relating to housing and town-
planning were made by the Housing Act, 1921, the Housing, &c., 
Act, 1923, and the Housing (Financial Provisions) Act, 1924; and 
in 1925 an Act, containing 137 sections and six schedules, was 
passed " to consoHdate the enactments relating to the Housing of 
the Working Classes in England and Wales." A further Act, 
also passed in 1925, consoHdated the enactments relating to town-
planning. 
The Housing Act, 1930, gives powers for dealing with slums. 
The Town and Country Planning Act, 1932, repeals the Town-

Planning Act, 1925, and consolidates the law with regard to town-
planning. 

Public Works Facilities Act, 1930. This Act, which came into 
operation on 1st August, 1930, and remained in force until 31st 
December, 1932, provided a simpler and more expeditious pro
cedure by which powers might be obtained by Local Authorities 
and Statutory Undertakers for carrying out works materiaHy con
tributing to the reHef of unemployment for which a Local Act or 
Provisional Order would otherwise have been necessary. 
In addition to the general and special Acts covered by the fore

going survey, there were others relating to water-supply, sewerage 
and sewage disposal, which win be noted in the succeeding chapters. 
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LOCAL GOVEENMENT ACTS 

1888. Prior to 1888 there was no authority intermediate between 
the District Councils and the Local Government Board. The 
Local Government Act, 1888, estabhshed a new authority, in the 
shape of the County Council, and delegated to it certain powers, 
more particularly as regards the alteration of boundaries, which 
were previously exercised by the Board. The Act also divided 
boroughs into three classes :—(1) County Boroughs, which are 
administrative counties of themselves, independent of the geo
graphical counties in which they are situated; (2) Non-county 
Boroughs, having at the census of 1881 populations exceeding 
10,000; and (3) Non-county Boroughs, having less than 10,000 
people. The powers assigned to the Councils of the various classes 
of boroughs are commensurate with their importance. 

Public Authorities Protection Act, 1893. This Act generaUses and 
amends certain statutory provisions for the protection of persons 
acting in the execution of statutory and other pubHc duties. 

1894. The Local Government Act, 1888, was followed six years 
later by another, which completed the edifice of local government 
by the establishment of Parish Councils through the kingdom. 
ftovision is made for the election of Guardians. The constitution 
of District Councils is defined, and rules are laid down as to the 
manner of defraying their expenses. The duties and powers of 
County Councils with respect to areas and boundaries are also 
defined. 

Ministry of Health Act, 1919. Throughout the period covered by 
this brief survey the ideal of every PubHc Health reformer has 
been the concentration of all the various health activities of the 
Government under a single responsible Minister. This ideal was 
reaHsed in a measure in 1871 by the establishment of the Local 
Government Board; but the Board was long regarded as a minor 
department of the Government, while important powers relating 
to health remained in the hands of the Privy Council, the H o m e 
Office, the Board of Education and other authorities. 
In 1919, after nearly half a century of useful work, the Local 

Government Board came to an end, and a Ministry of Health was 
at last set up to deal with aU matters affecting or incidental to 
the health of the people. 

The Ministry of Health succeeded to aH the powers and duties 
of the Local Government Board and those of the Insurance Com
missioners for England and Wales. In addition to these, the 
powers of the Board of Education with respect to the health of 
expectant and nursuig mothers and young children, and various 
powers hitherto exercised by the Privy Council and the H o m e 
Office, were transferred to the Minister of Health. The Ministry 
took over the offices and staff of the Local Government Board, 
and the employees of the Insurance Commissioners and other 
departments engaged in the work transferred to them. 
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Local Government Act, 1929. This Act made a number of far-
reaching changes in the local government of the country. 

Part I of the Act transferred to the Councils of Counties and 
County Boroughs all the functions of the Poor Law Authorities. 

Part II made these Councils responsible for the registration of 
births, deaths and marriages. 

Part III constituted the County Council the Highway Authority 
as regards every road in the County which was or which might 
become a main road, except that, under Section 32, the Council 
of any Urban District having a population exceeding twenty 
thousand might claim to exercise the functions of a Highway 
Authority in respect of the County roads within their district. 
Section 33 provides that the expense incurred by an Urban District 
Council in maintaining and repairing County roads within their 
district shaU be repaid to them by the County Council. Rural 
District Councils cease to be Highway Authorities. 

Part III also empowers a County Council to act jointly with 
Local Authorities within the County in the preparation and adop
tion of Town-Planning Schemes. 

Part IV made it incumbent on every County Council to review 
the circumstances of the several districts whoUy or partly within 
the County, and to consider whether it is desirable to alter the 
boundaries of any of them, to unite any district or parish with any 
other district or parish, to convert any Rural District or part 
thereof into an Urban District or any Urban District into a Rural 
District or part of a Rural District, or to form any new district or 
parish. A report of the review, with proposals for changes which 
the County Council might consider desirable, was to be sent to the 
Minister of Health before 1st April, 1932. The Minister might 
either make an order giving effect to the proposals or he might 
refuse to do so, provided that, if objection were made to any pro
posal by a Local Authority affected thereby, the Minister might not 
make an order without first holding a local inquiry into the objection. 

Further reviews may be made at intervals of not less than ten 
years. 

The reason for these enactments was stated by the Ministry of 
Health in an explanatory memorandum presented to ParHament 
with the Bill as follows :— 
" The Royal Commission on Local Government found a number of 

defects in local government arising either out of the varying size 
and financial resources of diSerent districts or from the fact that 
the particular form of local government in operation in an area was 
no longer suited to its character. For instance, on the 1st April, 
1927, there were 65 Boroughs, 264 Urban Districts and 101 Rural 
Districts where a penny rate produced less than £100; none of these 
430 areas had a population exceeding 5,000. These anomalies will 
be emphasised by the loss of rateable value from derating." 

In pursuance of this part of the Act, sweeping changes have 
been made in the boundaries of the local government areas through-
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out the country. Many Urban and Rural Districts have dis
appeared, while others have been greatly enlarged. Thus in the 
County of Hampshire fifteen Urban Districts and twenty-three 
Rural Districts have given place to ten Urban and twelve Rural 
Districts. Some of the former are very large. The Havant and 
Waterloo Urban District, for instance, extends 8| miles from north 
to south and 5f miles from east to west. 
Sections 56 and 57 of the Act deal with the expenses of Rural 

District Councils. Under Section 56 a Rural District Council may 
contribute out of their general fund to the " special expenses " 
of any parish within the district; while Section 57 authorises a 
County Council to contribute toward the expenditure incurred by 
a District Council, either before or after the passage of the Act, on 
the provision or maintenance of sewers or works of sewage disposal 
or water supply. In the event of persistent default by a District 
Council in the provision of such works, the Minister may transfer 
the functions of the defaulting Council to the County Council. 
Sections 297 to 302, inclusive, of the PubHc Health Act, 1875, 

empowering the Local Government Board to enforce the perform
ance of their duties by defaulting local authorities, are repealed. 
Section 58 directs every County Council to formulate arrange

ments for securing, whether by means of a combination of districts 
or otherwise, that every medical officer of health subsequently 
appointed for a district shaU be restricted from engaging in private 
practice. The Minister is authorised to dispense with this require
ment in any case in which he is satisfied that it cannot conveniently 
be compHed with. 
Section 59 gives him power to make regulations prescribing the 

qualifications of medical officers and health visitors. 
Part V deals with Rating and Valuation. The Rating and 

Valuation (Apportionment) Act, 1928, was passed for the purpose 
of granting reHef from rates in respect of certain classes of property. 
In pursuance of this purpose. Section 67 of the present Act pro
vides for the total exemption from rates of agricultural land and 
agricultural buildings, and reduces the rateable value of aU industrial 
and freight-transport hereditaments to one-quarter of their net 
annual value. 
Section 74 repeals all enactments imposing on local borrowing 

powers a limit based on rateable or assessable value. Before the 
passing of this Act no Local Authority was permitted to incur 
debts exceeding in aU twice the assessable value of the premises 
within the district. This restriction, which was imposed by Sec
tion 234 of the PubHc Health Act, 1876, was intended as a safe
guard against extravagance, but in many cases it had the effect 
of preventing the execution of urgently needed works. A Httle 
town in Wiltshire was badly in need of a wholesome water supply. 
Paratyphoid fever was rife; most of the weUs were poUuted, and 
much of the water used in the town had to be carted from a distance. 
But the cost of the necessary works was more than twice the 
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assessable value of the parish. The scheme would have been paid 
for over and over again by the saving in the cost of carting water, 
but Section 234 barred the way. The Ministry of Health were 
sympathetic, but powerless. The Hmit imposed by the PubHc 
Health Act was absolute, and they were not able to waive it. It 
seems incredible that the hands of a responsible and capable Depart
ment should have been tied by an Act of ParHament passed more 
than half a century before, but so it was, and until the embargo 
was raised by the Act of 1929 many local authorities were pre
vented from carrying out their statutory duties by the very Act 
of ParHament which imposed these duties upon them. 
As the Ministry of Health point out in their Explanatory Memo

randum, there are other and more effective safeguards against 
extravagance, and Section 234 of the Act of 1875 is accordingly 
repealed. 

Part VI deals with grants from the Exchequer towards local 
government expenses in counties and county boroughs. The 
amount of these grants is to be revised at intervals of three, four 
and thereafter five years, and in fixing them account is to be taken 
of the losses sustained through derating. 
Local Government Act, 1938. The Local Govenunent Act, 1929, 

was followed, four years later, by that of 1933. This Act, which 
comprises 308 sections and eleven schedules, and covers 280 pages, 
consohdates and amends the law relating to local government in 
England and Wales. Much of it is merely a recapitulation of the 
older Acts the whole or part of which it supersedes. It lays down 
rules for the constitution of councils and the election of members 
thereof, the appointment of committees, the qualifications, duties 
and remuneration of officers, the provision of offices, the alteration 
of boundaries, the acquisition and disposal of land, expenses and 
loans, accounts and audit, by-laws, contracts, legal proceedings, 
the custody of documents, notices. Local Inquiries, &c., &c. 
The Local Government Act, 1933, meets a long-felt need. As 

pointed out by the Ministry of Health in their Annual Report for 
1933-34, " the prolixity and confusion of the existing law of local 
government has long been notorious and the subject of frequent 
comment from the judicial bench and in the general local govern
ment press." The new Act repeals forty-eight earher Acts whoHy 
and 180 earher Acts in part. 
RESULTS OE SANITAEY WOEK 

It is impossible within the compass of a chapter to give more 
than an outline of the sanitary legislation of the last eighty or 
ninety years, but enough has been said to show that the old indiffer
ence to matters of health has given place to a real and lively 
concern. 
In compHance with the laws which have been passed, an enormous 

amount of sanitary work has been carried out, at a cost of thousands 
of miUions of pounds. Whathave we to show for it aU ? 
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On the material side we have throughout the country a vast 
system of pubHc works—^for the most part highly efficient. Every 
city and town has its water-works, its sewers and sewage-disposal 
works and its scavenging service. Most of our streets are weU-
paved, clean and weU-Hghted. Hundreds of thousands of roomy 
and weU-equipped working-class dweUings have been built. 
There has been a complete change in our attitude towards 

disease. Disease is no longer accepted as inevitable, but is recog
nised as the natural consequence of the violation of the laws of 
health; as something which can be and should be prevented. The 
doctor was formerly concerned only with the cure of disease. 
Attention to-day is concentrated on its prevention. A very large 
number of medical men devote themselves exclusively to " pre
ventive medicine." 
Plague, cholera and typhus fever are mere names to the present 

generation. SmaUpox has been aU but stamped out, and dysentery 
and enteric fever are becoming rare. A determined war is being 
waged on tuberculosis and cancer. 
The results of aU this work are recorded in the Registrar-General's 

Annual Returns. The span of lite is steadily lengthening. A male 
infant born in 1871 had 40-4 years of Hfe to look forward to; in 
1921 his " expectation of Hfe " was 55-5 years. In the course of 
the intervening fifty years the expectation of life for girls has risen 
from 43-5 to 59-5 years. 
The increased duration of Hfe is reflected in the annual death 

rate, which has faUen from 20-5 per thousand in 1880 to 12 per 
thousand in 1932. Even more striking is the reduction in infant 
mortahty. Out of every 1000 babies born in England and Wales 
between 1881 and 1890 no fewer than 142 died in their first year : 
in 1934 only 59 died within the year. 
There is a strange delusion prevalent in certain quarters with 

regard to infant mortahty and its reduction. Some people say 
that we are merely keeping ahve chUdren who would be better 
dead. Nothing could be further from the truth. W e are not 
merely saving Hves : we are also raising the whole level of infant 
Hfe; we are making the weak strong, and the strong stronger. 
It is not true that a high rate of infant mortahty raises the 

standard of the race by killing off the weakHngs. On the contrary, 
the standard of health (among adults as weU as chUdren) is lowest 
in those very towns in which the death-rate among young chUdren 
is highest. In the words of Sir Arthur Newshohne, formerly Chief 
Medical Inspector of the Local Government Board, " Infant mor
tahty is the most sensitive index we possess of social welfare and of 
sanitary administration." 
Side by side with the reduction in the death-rate there has been 

a progressive improvement in the standard of Hving. Charles 
Booth estimated in 1889 that 30-7 per cent, of the people of London 
were then Hving below the poverty line. In 1929 the London 
School of Economics carried out an investigation on the same 
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basis. They found that only 9-5 per cent, of the population Hved 
below the poverty line. 
The poorest worker to-day is far better off than the wealthiest 

noble in the days of the Plantagenets or the Tudors. His home 
is more comfortable and much healthier than the castle of a Norman 
baron. Of food and drink he has a variety that Queen Ehziabeth 
might have sighed for in vain. H e gets water of a purity which 
the nobles of her day never knew, and if they had known it they 
would probably not have appreciated it. His home is Uluminated 
with a brUHancy which was absolutely unknown a hundred years 
ago. If he wants a Hght, he gets it in an instant by striking a 
match. His great-grandfather could obtain it only by a tedious 
operation with flint and steel and tinder. 
Plis Hfe and health are safer than those of the wealthiest citizens 

of Queen Elizabeth's time. A serious surgical operation gives him 
less pain than the extraction of a tooth used to cause. H e travels 
in speed and comfort beyond the wUdest dreams of Shakespeare's 
contemporaries. The humblest worker has the news of the world 
brought to him day by day, and the choicest treasures of literature, 
art, music, the drama are at his command. 
These are noteworthy gains, which some of us who are in the 

habit of sighing for the " Good Old Times " are apt to lose sight of. 
For some of these gains the sanitary engineer and the medical 
officer can claim no credit, for many of them have been brought 
about by private enterprise. But the State, too, has borne its 
part, and we owe to Chadwick, Simon, RawHnson and their feUow-
workers in the cause of sanitation a debt which we ought never 
to forget. 



C H A P T E R II 

LOCAL G O V E R N M E N T 

Administrative Areas. As the result of the successive enactments 
recorded in the preceding chapter, there has sprung into being a 
vast system of local government areas, covering the whole face of 
the country. Taking these in ascending order of magnitude, we 
have : 

(a) Parishes. Every parish with a population of more than 
three hundred (and in certain cases less) has a Parish Council, which 
exercises the powers formerly possessed by the Vestry and has 
certain limited powers in connection with the supply of water and 
the prevention of nuisances. A Parish CouncU may not incur in 
any financial year expenses exceeding eightpence in the pound on 
the rateable value of the parish, or without the consent of a parish 
meeting f ourpence in the poimd, and it may not without the consent 
of the County Council incur any expense involving a loan. 

(b) Rural Districts. The rural parishes are grouped together in 
Rural Districts, each administered by a CouncU which took the 
place of the old Board of Guardians and which acts as the sanitary 
authority for the District. W h U e the Rural District CouncU is 
solely responsible for the sanitary administration of its constituent 
parishes, it may delegate its powers to a Parochial Committee or to 
a Parish CouncU in connection with any matter with which the 
parish is exclusively concerned (Local Government Act, 1933, sec
tions 87 and 88). W h e n a Parish CouncU acts as a Parochial Com
mittee by delegation from the District CouncU, it shaU have the 
services of the Clerk of the District CouncU, unless the District 
CouncU otherwise directs (L.G. Act, 1933, sec. 114 (3)). 
Many Rural District CouncUs are in the habit of entrusting the 

Parish CoimcUs with the conduct of their own schemes of water 
supply, sewerage and sewage disposal. A District CouncU may not 
enter into any contract for the purpose of carrying out such a scheme 
without first giving notice to the Parish concerned (L.G. Act, 1894, 
sec. 16 (3)). 

Where a District CouncU faUs to provide a parish with sufficient 
sewers or with an adequate supply of wholesome water, or to en
force with regard to the parish any provision of the Public Health 
Acts which it is its duty to enforce, the Parish Council may com
plain to the County CouncU, who may thereupon take to them
selves the powers which the District CouncU has neglected to 
exercise (L.G. Act, 1894, sec. 16 (1)). 

0 17 
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(c) Urban Districts. Towns which do not possess a charter of 
incorporation are governed by Urban District Councils, which are 
responsible for their sanitary administration. 

(d) Boroughs. Most of the older towns have at one time or 
other received royal charters of incorporation raising them to the 
dignity of " Boroughs," and since the passing of the Municipal 
Reform Act of 1835 the number of these has greatly increased. The 
duties and powers of a Borough CouncU are essentially the same as 
those of an Urban District CouncU. W h U e most of the large towns 
in England and Wales are incorporated, there are Urban Districts 
with populations of 150,000 or over, and Boroughs with as few as 
2000 or 3000 people. 

(e) County Boroughs. All Boroughs which on June 1st, 1888, 
had populations of not less than 50,000, or which were already 
counties having populations of not less than 20,000, and certain 
others, were formed by the Local Government Act, 1888, into 
separate administrative areas, known as County Boroughs. These 
are administrative counties in themselves, and their CouncUs 
exercise aU local government functions within their areas. 

The CouncU of a Borough may not promote a BUI for the purpose 
of constituting the Borough a County Borough unless the population 
of the borough is 75,000 or upward (L.G. Act, 1933, sec. 139). 

(/) Counties. Under the Local Government Act, 1888, the 
fifty-two ancient counties of England and Wales were superseded 
by sixty-two " administrative counties," only fourteen of which 
coincide in area with the old counties. The Isle of Ely and the Isle 
of Wight, for instance, and each of the three Ridings of Yorkshire, 
have been formed into separate counties. The County CouncUs 
administer the services which have to be performed over wide areas, 
such as poHce and main roads, the enforcement of the provisions of 
the Rivers Pollution Prevention Acts, the treatment of tuberculosis 
and venereal disease, and the care of lunatics and the mentally 
deficient. 

(gr) Joint Boards. Where two or more Local Authorities combine 
to use the same undertaking, a waterworks or sewage works, for 
example, or a hospital, a Joint Board, composed of members of 
the two authorities, is usually formed to manage it. 
LOCAL ATTTHOEITIES 

The governing bodies of all local government areas consist of 
councUlors elected for three years by the ratepayers, with the 
addition, in the case of Boroughs, County Boroughs, and County 
Councils, of aldermen elected by the councUlors, either from among 
themselves or from outside, for a period of six years. They are 
presided over by a Chairman, or, in the case of a Borough or County 
Borough, by a Mayor, who is chosen annually by the councUlors 
either from amongst themselves or from outside. They all work 
under the general supervision of the Ministry of Health, which, as 
recorded in the preceding chapter, was established by the Ministry 
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of Health Act, 1919, to take over the powers and duties of the Local 
Government Board and certain other departments. 

Business. The duties devolving upon a local authority now-a-
days are many and various, and they are continually being added 
to by ParHament. They have to deal with : 

Sewerage and Drainage. 
Scavenging and Cleansing. 
Water Supply. 
N e w Buildings. » 
Regulation of CeUar Dwellings and Lodging-houses. 
Housing and Town Planning. 
Nuisances. 
Noxious Trades. 
Diseased Meat. 
ReHef of the Poor. 
Maternity and Child Welfare. 
Education. 
Infectious Diseases. 
Hospitals for Infectious Diseases. 
Highways and Streets. 
Lighting. 
PubHc Pleasure-grounds. 
Markets. 
Slaughter-houses. 

Local Authorities have in certain cases powers under various 
special Acts, such as 

The Allotments, Act. 
The Baths and Wash-houses Acts. 
The Burial Acts. 
The Housing Acts. 
The PubHc Libraries Acts. 
The Sale of Food and Drugs Act. 

Private Improvements. In addition to works for the benefit of 
the district as a whole. Local Authorities are empowered in certain 
cases to execute work, such as the sewering, paving, channelhng, or 
lighting of streets, on behalf of private owners, and may raise a 
short-period loan for the purpose. The cost of such work is usuaUy 
apportioned among the respective owners accordmg to the length 
of the frontages of their premises, and is paid by them or by the 
occupiers. . . 

By-Laws. Besides providing and mamtaimng the pubhc services 
within their district, a Local Authority exercise a strict supervision 
over the erection and draniage of buUdmgs thereui. Then? control 
of these and other matters is exercised through ' by-laws, or 
regulations prescribing the methods and procedure to be adopted, 
prohibitmg undesirable practices, and imposing penalties for 
non-compliance. 
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Each Local Authority may make its own by-laws, but these will 
not take effect untU they have been submitted to the Ministry of 
Health and confirmed by them. By-laws must be reasonable, and 
must not be repugnant to the laws of England or to the provisions 
of the Public Health Acts. The Local Government Board issued in 
1877 a set of Model By-laws for the guidance of Sanitary Authorities 
in framing their own. They recognised, however, that their model 
clauses might require alteration to suit the special circumstances of a 
particular district. 
A fresh set of Model By-laws was issued in 1912, and this has been 

followed by successive reprints in which effect has been given to 
suggestions of general value derived from the experience of Local 
Authorities, professional bodies, and other sources in this country 
and abroad. The latest reprint appeared in 1934. 
Although by-laws are merely a means to an end, there is often a 

tendency to regard them as an end in themselves, and to enforce 
them rigorously in aU cases. This indiscriminate enforcement of 
by-laws will often lead to unnecessary trouble or expense, or may 
prevent the use of new buUding materials which were not contem
plated when the by-laws were drawn up. The question of the waiv
ing or enforcement of by-laws is a difficult one. On the one hand, it 
is contended that, provided the spirit of a by-law is compHed with, 
there is no need to enforce the letter of it; on the other hand, it is 
felt that the waiving of a by-law may create a dangerous precedent. 
The range of subjects covered by by-laws is very wide, and many 

of them are beyond the scope of this book. Those which relate to 
sanitary engineering wUl be referred to in the appropriate chapters. 
The amount of work which is transacted by a Local Authority 

in the course of a year is enormous, and it is done without fee or 
reward of any kind. Notwithstanding the al)sence of any remunera
tion for their services, the majority of our local councUlors take a 
keen and wholehearted interest in their work. The British system 
of local government is the envy and admiration of the world. 
No member of a Council may hold a salaried position under the 

Council, nor may he take part in the consideration of any question 
with respect to any contract in which he has a pecuniary interest or 
vote thereon. 
Schedule III of the Local Government Act, 1933, lays down certain 

general rules for the meetings and proceedings of Local Authorities. 
In addition to these general rules, each CouncU usuaUy draws up its 
own standing orders and by-laws to govern the conduct of its business. 
Committees. It would not be practicable for a CouncU as a whole 

to manage in detaU aU the services with which it is charged, and 
these are accordingly relegated to Committees. These Committees, 
which are appointed annually, are composed of members of the 
Council (sometimes of the whole Council), with the addition in 
certain cases of persons co-opted from outside. The decisions of 
each Committee are reported to the CouncU, by whom they have to 
be confirmed. At the beginning of every financial year each 
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Committee prepares an estimate of its expenditure during the year 
for submission to the Finance Committee. 

The number of Committees and the allocation of duties among 
them vary widely. The Corporation of Richmond, Surrey, of which 
the author was a member for many years, had the following : 

Standing Committees :—Executive, Finance, Fire Brigade, Free 
Public Library, General Purposes, Health, Highways, Parks and 
Pleasure Grounds, PubHc Baths, Selection, Surveyor's, Water. 

Sub-Committees:— Accounts (Health), Finance, Free PubHc 
Library, General Purposes, Grounds, Health, Accounts (Highways), 
Lighting, Private Street Works, Surveyor's. 
Special Committees :—^Allotments, Education, Education Sub

committees, Joint Isolation Hospital, Old Age Pensions. 
Many CouncUs have also a Sewerage Committee, but the sewage 

of Richmond, together with that of Barnes, is dealt with by the 
Richmond Main Sewerage Board, which is composed of repre
sentatives from the Councils of both. 

Each Committee elects its own Chairman. In many Councils 
it is considered that the honour of presiding over a Committee should 
be held in turn by every member of it, and a new Chairman is 
accordingly appointed each year. There is another side to the 
matter. The work of some Committees, particularly in a large and 
ancient town, is not only important, but highly complex, and it 
takes a year or more to get a thorough grasp of it. In such cases 
it is very desirable to have a Chairman who is already conversant 
with the work. I have often been struck with the abUity and the 
mastery of the subject-matter which have been displayed by the 
Chairmen of Committees with w h o m I have had to deal. 
The officers of a Council have usuaUy to attend all the meetings 

of every Committee Ayith which they are more or less directly con
cerned, and when, as often happens, the meetings are protracted, 
these officers have either to give up much of their spare time, or the 
work of their departments suffers. It would be to the advantage of 
all concerned if more time could be given to the officers of many 
CouncUs to attend to their ordinary duties. 

Some Councils are in the habit of reviewing the business of their 
Committees at great length, wMle others (in the absence of any 
special reason to the contrary) merely receive their reports and 
confirm their decisions. 

Officers. Every CouncU has its Clerk, and each, with the excep
tion of the Parish CouncUs, its Surveyor, Medical Officer of Health, 
and one or more Sanitary Inspectors and Rate Collectors. A 
Rural District CouncU, however, need not appoint a Surveyor. 
The larger Authorities have also their Treasurers, Chemists, Cleansing 
Superintendents, and other officials. One-half of the salaries of the 
District Medical Officers and Sanitary Inspectors is paid by the 
County CouncUs, who receive a grant from the Exchequer in respect 
of them. 
The Clerk is the Chief Officer of the CouncU, and is responsible 
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for the general conduct of their business. H e issues the notices of 
Council and Committee meetings and prepares the agenda for them, 
and all communications with the Ministry of Health and other 
government departments go through him. H e is usuaUy a soHcitor. 

The Medical Officer of Health and the Sanitary Inspector deal 
more particularly with the existing sanitary conditions, but in many 
Districts the drains of all new houses are inspected and tested by the 
Sanitary Inspector. If analyses are required of samples of water 
or sewage effluent, they are often made by the Medical Officer. 

The quahfications for the office of Medical Officer are laid down 
by Sections 103 and 108 of the Local Government Act, 1933. H e 
must be a duly quaUfied medical practitioner, and in the case of 
any county or borough or district having a population of 50,000 or 
more, he must hold a diploma in sanitary science, pubHc health, or 
state medicine. Every County Medical Officer of Health and every 
Medical Officer of Health who is appointed in future for a County 
district must be restricted by the terms of his employment from 
engaging xa private practice. The Minister of Health, however, is 
empowered to dispense with this requirement in any case in which 
he may think it advisable to do so. On 31st March, 1933, 396 of 
the 1165 Medical Officers of Health in England were whole-time 
officers. 

Every Sanitary Inspector must hold the qualifying certfficate of 
the Royal Sanitary Institute and Sanitary Inspectors' Examination 
Joint Board. 

Section 110 of the Local Government Act, 1933, provides that a 
Medical Officer of Health or Sanitary Inspector who is required 
by the terms of his appointment to devote the whole of his time to 
the duties of his office shall not be appointed for a Hmited period 
only, and shall not be dismissed without the consent of the Minister 
of Health. 

Although the office of " Town Surveyor " is more ancient than 
that of the Medical Officer or Sanitary Inspector—^it was first 
legaHsed by the Towns Improvement Clauses Act, 1847—there is 
no statutory qualification for it, except that the Surveyor shall be 
" a fit and proper person," and, unHke his colleagues, he enjoys 
no security of tenure. In the case of new appointments, however, 
membership of the Institution of Civil Engineers or of the Institution 
of Municipal and County Engineers is almost invariably called for, 
and most local surveyors are quahfied engineers. Many of them, 
indeed, hold the dual office of engineer and surveyor to their res
pective authorities. 
The duties of a Local Surveyor are multifarious, and they demand 

constant attention, special knowledge, professional experience, and 
high administrative abUity. H e is responsible for all the streets, 
sewers, and sewage works in the district, and, where there is not an 
independent water engineer, for the water-works. H e has charge 
of all buUdings, parks, pleasure-grounds, horses, vehicles, and other 
property of the Council. H e must inspect all dangerous buildings 
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and serve the necessary notices in respect of them, and must examine 
and report on the plans of all new streets and houses. H e usually 
supervises the collection and disposal of refuse, and he engages, 
superintends, and dismisses the Council's workmen. H e has often 
to design and buUd the CouncU houses. 

In addition to maintaining all the Council's existing under
takings, he has often to design and construct any new works which 
they m ay require. And in the course of the year he must attend 
some hundreds of CouncU and Committee meetings. This list of 
the Surveyor's duties is by no means exhaustive, but it will serve to 
indicate their varied and exacting character. 



C H A P T E R III 

ENGINEERING SOCIETIES A N D PROFESSIONAL TRAINING 

THE foregoing survey of our PubHc Health Administration would 
not be complete without some reference to those professional and 
other societies which are directly or indirectly concerned with 
sanitation. There could be no more convincing proof of the import
ance which is now attached to questions of health than the number 
of societies deaHng with one branch or another of the subject which 
have come into being in the course of the past sixty years. 
Every profession has its own institution or society, admission to 

which can be obtained only by passing a searching examination or 
by producing other evidence of competence or eminence in the 
profession. A list of these institutions is given at the end of this 
chapter. They all hold meetings at least once a year at which papers 
on questions of professional interest are read and discussed. Many 
of them also hold an annual congress lasting several days. The 
high standard of our PubHc Health services is due in no small 
measure to the educational work of the professional societies and 
to the esprit de corps which they engender. 

Institutions. The Institution of CivU Engineers is the foremost 
engineering association in the world. Founded on a very modest 
scale in January, 1818, it now numbers 2186 Members, 6920 Asso
ciate Members and 1678 Students. In addition to these there are 
17 Honorary Members, all men of distinction in this country or 
abroad, and 56 Associates, engaged in kindred professions. His 
Majesty the King is Patron of the Institution. 

There are Local Associations, or branches, at Glasgow, Man
chester, Birmingham, Newcastle-on-Tyne, Bristol, Cardiff, Swansea, 
Buenos Aires, and Shanghai, and in Yorkshire and the Malay 
States. 
The Institution was estabhshed, in the words of its Founders, 

" for the general advancement of mechanical science, and more 
particularly for promoting the acquisition of that species of know
ledge which constitutes the profession of a CivU Engineer; being 
the art of directing the great sources of power in Nature for the 
use and convenience of man.'' It covers the whole range of engineer
ing, and at the time of its foundation a CivU Engineer usually 
practised in every branch of his profession as then understood. 

In the course of the last sixty years, however, the field of civil 
engineering has broadened enormously, and has become very highly 
specialised, and it would be impossible for a single Institution to 
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give adequate attention to every part of it. SpeciaHsed institutions 
have accordingly come into being, each dealing with its own par
ticular branch of engineering, but all working in close co-operation 
with the parent Institution. 

The Society of Engineers covers much the same ground as the 
Institution of CivU Engineers. It was established in 1854, and is 
the third oldest engineering society in this country. 
The speciaHsed bodies with which the Sanitary Engineer is more 

immediately concerned are the Institution of Water Engineers and 
the Institution of Sanitary Engineers. 

The Institution of Water Engineers was estabhshed in 1896 as 
" The British Association of Waterworks Engineers," and incor
porated under its present title in 1911. It has a membership 
of close on 800. 

The British Waterworks Association and the Water Companies 
Association are mainly concerned with the administrative side of 
water undertakings. 

The Institution of Sanitary Engineers was founded in 1897, and 
now has a membership of about 800. The International Conference 
on Sanitary Engineering, which was held in London by the Institu
tion in July 1924, brought together Sanitary Engineers from weU-
nigh every quarter of the globe, and the Transactions of the Con
ference contain many valuable papers on every branch of sanitary 
engineering. 

The Institution of Municipal and County Engineers does not 
deal exclusively with any one branch of engineering, but includes 
in its purview the whole of the work which falls to the Surveyor or 
Engineer to a County, Municipal, or District CouncU. It was 
founded in 1873 under the title of the Association of Municipal and 
Sanitary Engineers and Surveyors, and was incorporated under its 
present title in 1890. It is organised in eighteen Districts, of which 
thirteen are in England and Wales, and one each in Scotland, 
Northern Ireland, the Irish Free State, India, and South Africa. 
Each District holds its own meetings, ui addition to which a General 
Meeting of the whole Institution is held annually, usually in some 
provincial centre. It now has 13 Honorary Members, 2150 Mem
bers, 1426 Associate Members, 6 Associates, 1125 Students and 
38 Affiliated Members. . 
The Association of Consulting Engineers, as its name impHes, 

was formed (in 1910) with the object of associating together, for 
mutual co-operation and protection, those engineers whose work is 
of a purely consultative character. It does not compete with any 
of the Engineering Institutions, and its Members must either be 
Corporate Members of the Institution of CivU Engineers, or full 
Members of the Institution of Electrical Engineers, the Institution 
of Mechanical Engineers, or the Institution of Civil Engineers of 
Ireland. The Association enjoins on its members a high standard 
of professional conduct toward their cHents and toward their 
brother engineers, and forbids them to be connected in any way 
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with any manufacturing or contracting concern dealing with the 
class of work to which their practice relates. 
Societies. In addition to the professional institutions there are 

many societies which are concerned either with Public Health as a 
whole, or with one of its many branches, such, for instance, as the 
Central Council for Rivers Protection, and the National Smoke 
Abatement Society, which is waging an uphill fight against public 
apathy on behalf of purer air. 
Of those societies which cover the whole field of pubHo health 

the Royal Sanitary Institute is the oldest and undoubtedly the 
most important. Founded in 1876 by a Httle group of pubhc-
spirited men under the name of the " Sanitary Institute of Great 
Britain," it numbered on 1st January, 1935, 469 Fellows, 2463 
Members, and 2387 Associates. In addition to these 30 men of 
distinction in various foreign countries are Honorary Fellows of the 
Institute. It has branches in South Africa, New Zealand, and New 
South Wales. 
The Royal Sanitary Institute is not a professional society, but 

an association of men and women in every walk of life who m one 
capacity or another are working for the pubHc health. It numbers 
in its ranks nearly all the leading Medical Officers of Health and 
many other medical men, together with Architects, Engineers, 
Surveyors, Sanitary Inspectors, Health Visitors, and last, but by 
no means least, many members of the health committees of Local 
Authorities. 
It carried on from the outset the training and examination of 

Local Surveyors and Sanitary Inspectors. The examinations for 
Local Surveyors were discontinued in 1894, when the Institution 
of Municipal and County Engineers started a similar examination, 
and those for Sanitary Inspectors were transferred five years later 
to the Royal Sanitary Institute and Sanitary Inspectors' Examina
tion Board, of which the representatives of the Institute constitute 
nearly one-half. There are also examinations for Health Visitors, 
School Nurses and Child Welfare Workers, and in Sanitary Science. 
These examinations are held regularly in London and various pro
vincial towns, and in a score of other centres in India and the 
Overseas Dominions and Colonies. The Parkes Museum, which 
adjoins the Institute, contains a large and representative collection 
of health exhibits. 
In the course of the year Sessional Meetings, followed by visits 

to works, take place in provincial centres all over the country, in 
addition to which a largely attended Congress is held every year in 
one or other of the larger cities and towns. 
The work of our PubHc Health Authorities loses much of its 

effect through the ignorance and indifference of the general pubHc. 
For the purpose of combating these an annual Health Week is held 
under the auspices of the Institute in hundreds of towns in this 
country, in India, and the Dominions. 
The Royal Institute of PubHc Health was founded in 1886 on 
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somewhat sunUar lines, but, unlUce the Royal Sanitary Institute, 
which is a composite body in which aU classes of Public Health 
workers are largely represented, its membership and governing body 
are mainly medical. It too holds an annual congress, usually in 
this country, but often in some Continental city. It also main
tains a laboratory in which samples of food, drugs, water, etc., are 
analysed. 

Some members of Local Authorities are apt to look askance on 
congresses, and are unwilHng to permit theh officers to attend them. 
Copies of the papers and reports of the discussions can, they say, 
be obtained for a few shUHngs ; why, then, waste time and money 
in attending the congresses ? Those who hold this view lose sight 
of what is probably the most valuable feature of these congresses, 
viz. the bringing together of men and women who are doing Public 
Health work in all parts of the world. Every Public Health officer 
is constantly meeting with difficulties which are beyond the range 
of his own experience. At the congress he can discuss his difficulties 
with others who are engaged in simUar work elsewhere. Our 
PubHc Health services undoubtedly owe much of their efficiency 
to the interchange of experience which takes place at the annual 
congresses of the professional and PubUo Health societies. 

Chadwick Trust. The Chadwick Trust was created in 1895 under 
the will of the late Sir Edwin Chadwick, the " Father of EngUsh 
Sanitation." H e bequeathed a sum of about £28,000, which, with 
the income therefrom, was to be used for the promotion of Sanitary 
Science in the widest possible sense. From 1895 to 1913 the greater 
part of the income was devoted to the maintenance of the Chadwick 
Professorship of Hygiene and the Lecturership in Municipal Engineer
ing at University College, London. Since 1913 the Trustees have 
provided courses of public lectures in London and other cities and 
towns in Great Britain by competent lecturers on almost every 
aspect of Sanitary Science. 
They have recently instituted Chadwick Travelling Scholarships 

of the value of £400 each, tenable for one year, in Sanitary Science 
and Municipal Engineering respectively. 

Rockefeller Foundation. The Rockefeller Foundation, of N e w 
York, is unique among PubHc Health organisations, for its activities 
are world-wide and it owes its being to the genius and generosity of 
one man. John D. Rockefeller, of Standard Oil fame, founded it 
in 1913 and endowed it with a capital of over $180,000,000. It was 
founded for the purpose of promoting the well-being of mankind 
throughout the world, particularly in the fields of medical science, 
natural science, social science, the humanities and PubHo Health. 
It maintains a large and highly skilled staff, who are engaged in 
combating disease in every quarter of the globe. Special attention 
is paid to those terrible diseases which decimate the populations of 
tropical countries and sap the vitality of their people. The results 
already achieved are Httle short of miraculous. 

The Rockefeller Foundation does not confine its attention to 
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tropical diseases, for it is making a determined attack-on tuber
culosis in many countries in Europe as well as elsewhere. It has 
made large grants to the University of Cambridge School of 
Pathology, the London School of Hygiene and Tropical Medicine, 
the University of London Medical Centre, and many other institu
tions in this country and abroad. 
Education and Training of Engineers, An engineer is responsible 

for the design of machines and structures. For this purpose he 
requires a thorough knowledge of mechanics, mathematics, and the 
theory of structures. But there is hardly a science which does not 
bear more or less directly on his work. He has constantly to deal 
with questions involving metallurgy, hydraulics, electricity, thermo
dynamics, chemistry, biology, meteorology, and geology. It is 
impossible for any one man to be fully acquainted with all these 
subjects, but an engineer must possess a sufficient general knowledge 
of them to appreciate their bearing on the problems with which he 
has to deal. Such knowledge cannot be acquired in a few years. 
Most engineers, indeed, remain students to the end of their 
professional Hves. 
The question of the best course of training for an engineer has 

formed the subject of much anxious consideration. In November, 
1903, the CouncU of the Institution of Civil Engineers appointed a 
representative committee to consider and report as to the best 
methods of training for all classes of engineers, including both 
scholastic and subsequent technical training. They began their 
work by issuing a set of questions to many persons of experience in 
engineering education and to eminent engineers, practising in various 
branches of the profession. Their report, which is largely based on 
the rephes which they received to these questions, was presented on 
7th AprU, 1906. 
They recommended that a boy intended for the engineering pro

fession should commence his special training at the age of about 
seventeen; that the practical training should, whenever possible, 
be divided into two parts, and that the prehminary stage of it 
should consist in all cases of at least one year spent in mechanical 
engineering workshops. They thought it most important that all 
boys should at least maintain their scholastic acquirements during 
the workshop course. On its completion they should take a course 
of three years at a Technical College or a University, followed by 
three years of practical training in a workshop, on works, or in a 
mine or office. In the United States and on the Continent young 
men often obtain the whole of their training in the universities and 
technical coUeges, but in this country they usually spend some years 
in a works or office. 
The Institution of Civil Engineers requires its students to serve 

as pupUs, apprentices or assistants under agreement with a Corporate 
Member of the Institution for at least three years, and candidates 
for admission as students of the Institution of Municipal and County 
Engineers must either be undergoing or have undergone a course of 
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training as articled pupUs to an Engineer or Surveyor to a Local 
Authority, or must hold an appointment under one. 
A young m a n intending to engage in private practice usually 

serves his pupUage with a Consulting Engineer ; or if he is aiming 
at a pubhc appointment, with the Engineer or Surveyor to a Local 
Authority. In either case his chief or one of his principal assist
ants must be able to give sufficient time to his training. During 
his evenings he wUl usually engage in a definite course of study. 

Examinations. Candidates for admission to the Institution of 
CivU Engineers, the Institution of Municipal and County Engineers, 
the Institution of Sanitary Engineers and the Royal Sanitary 
Institute, must pass the prescribed examination, but in exceptional 
cases the CouncUs of these bodies may waive this requirement. The 
Institution of Water Engineers holds no examinations of its own, 
but requires its Students to be Students of the Institution of Civil 
Engineers, and in certain other cases the examinations of one 
Institution are accepted by another. The entrance examinations or 
degrees of certain engineering colleges are also recognised. 

Candidates for appointments as Sanitary Inspectors must hold 
the certificate of the Royal Sanitary Institute and Sanitary Inspec
tors' Examination Board. The Institute of Sewage Purification 
has recently adopted a scheme of examination for Sewage Works 
Managers. The Institute of Public Cleansing also holds examina
tions qualifying for admission to membership. 

The engineering societies do not stand alone in their insistence on 
examinsttions, for examinations in one form or another pervade 
our whole system of education, and must be passed by the candi
dates for most Government appointments. 
Yet many of those who have most to do with examinations are 

very sceptical as to their value. As tests of memory they are 
exceUent, but memory is by no means the best criterion either of 
knowledge or of competence. Many a m a n can write a good paper 
who breaks down hopelessly under a practical test, whUe many a 
capable m a n is utterly unable to do himself justice on paper. The 
viva voce examination is a far better test of a candidate's capabilities 
than the written paper, but unless the examiner is very tactful, a 
reaUy good m a n m a y be tongue-tied through examination fright. 

To those of m y readers who may have examinations before them 
I would venture to give three hints : 

Don't work too hard down to the last moment; 
Read every question very carefuUy before you attempt to 

answer it; , , . . 
Make sure that you understand exactly what the exammer is 

asking you, and don't waste your time and his by telHng him 
something he does not want to know. 
And just one more hint in case you need it. 
Don't worry overmuch if you faU. Telford never passed an 

examination, nor did Brindley, nor Smeaton, and it is more than 
doubtful whether any of them could have done so. 
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R E P O E T OE THE DBPAETMBNTAL COMMITTEE O N QUALIEICATIONS, 

RECETHTMENT, TBAINING A N D PBOMOTION OE LOCAL 

GOVEBNMENT OEEICEES 

The Report of this Committee, which was presided over by Sir 
W. H. Hadow, was issued by the Ministry of Health in January, 
1934. The Committee preface their report by drawing attention 
to the great increase in the powers and duties of Local Authorities 
during the past twenty years, and they express the opinion that the 
time has come for considerable revision of the present system for 
recruiting and training officers. The Report deals with all classes 
of Local Government officers, and makes a number of far-reaching 
recommendations, some of which are of particular interest to local 
Surveyors. On the subject of security of tenure the Committee 
say: 

" At present certain limited classes of officers can be dismissed 
only with the consent of a government department. Some of our 
witnesses have suggested that this security of tenure should be 
extended to other officers holding important positions. It has also 
been suggested that for all officers dismissal should require a stipulated 
majority vote. 

"It is important that the principal ofiioers of Local Authorities 
should feel free to express their opinion on all matters with which they 
are concerned without fear of the consequences. But we are not satis-
fled that there is a case for extending the security of tenure enjoyed 
by medical officers and certain other officers; nor do we think that 
the requirement of a two-thirds majority vote before an officer could 
be dismissed would be satisfactory. W e do, however, recommend 
that before any principal officer is dismissed, notice of the action 
proposed should be given to all members of the Authority, and, if 
the officer so requests, the grounds of the dismissal should be stated 
in the notice." 

The Report suggests for consideration the question whether pro
fessional and technical officers should be recruited from inside the 
office or from outside. 

" There is advantage," it says, " in bringing into the service 
suitable professional and technical officers who have been trained 
in private practice. The introduction of persons with a different 
experience and different outlook can hardly fail to have a stimulating 
effect. In some cases, too, a better technical training can be had in a 
private than in a public office. On the other hand, a sound training 
in the various branches of local government is available in many 
municipal and county offices (together with some advantages which 
the private office cannot give), and it is important that junior officers 
should have opportimities of qualifying for promotion. Wherever 
faciUties are sufficient, Local Authorities should make it possible for 
the most promising of their junior officers to obtain any necessary 
technical qualifications." 

The Committee make some important recommendations on the 
subject of pupUage. They express the hope that the principal 
officers of an Authority wUl continue to take pupils wherever the 
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office affords adequate facihties, but they consider that the selection 
of the pupUs should be subject to the approval of the Authority, 
and that no premiums should be paid. 

ENGINEERIIv[G AND OTHER SOCIETIES. 

American Society of Civil Engineers, 33, West 39th Street, New 
York, N.Y. 

Association of Consulting Engineers, 11, Victoria Street, West
minster, S.W.I. 

Association of County Medical Officers of Health, County House 
Office, Aylesbury, Bucks. 

Association of Municipal Corporations, Palace Chambers, Bridge 
Street, Westminster, S.W.I. 

Association of Sanitary Inspectors, 27a, Moreton Street, West
minster, S.W.I. 

British Standards Institution, 28, Victoria Street, Westminster, 
S.W.I. 

British Waterworks Association, Grand Buildings, Trafalgar 
Square, W.C.2. 

Central CouncU for River Protection, Fishmongers' Hall, London, 
E.C.4. 

Chadwick Trust, 204, Abbey House, Westminster, S.W.I. 
Chartered Surveyors' Institution, 12, Great George Street, West

minster, S.W.I. 
Chemical Society, Burlington House, Piccadilly, London, W.l. 
County Councils Association, 84, Eccleston Square, Westminster, 

S.W.I. 
Empire Health Week, 90, Buckingham Palace Road, Westminster, 

S.W.I. 
Geological Society, Burlington House, PiccadUly, London, W.l. 
Institute of Hygiene, 28, Portland Place, London, W.l. 
Institute of PubHc Cleansing, 160, Buckuigham Palace Road, 

Westminster, S.W.I. 
Institute of Sewage Purification, 12, High Park Road, Kew Gardens. 
Institution of Chemical Engineers, Abbey House, Westminster, 

S.W.I. 
Institution of CivU Engineers, Great G«orge Street, Westminster, 

S.W.I. 
Institution of CivU Engineers of -Ireland, 35, Dawson Street, 

DubHn. 
Institution of Electrical Enguieers, Savoy Place, Victoria Embank

ment, London, WiC.2. 
Institution of Gas Engineers, 28, Grosvenor Gardens, Westminster, 

S.W.I. 
Institution of Highway Engineers, National Provincial Chambers, 

Vivian Avenue, London, N.W.4. 
Institution of Mechanical Engineers, Storey's Gate, Westminster, 

S.W.I. 
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Institution of Municipal and County Engineers, 84, Eccleston 
Square, Westminster, S.W.I. 

Institution of Sanitary Engineers, 118, Victoria Street, West
minster, S.W.I. 

Institution of Structural Engineers, 10, Upper Belgrave Street, 
Westminster, S.W.I. 

Institution of Water Engineers, Parliament Mansions, Victoria 
Street, Westminster, S.W.I. 

Junior Institution of Engineers, 39, Victoria Street, Westminster, 
S.W.I. 

National Association of Local Government Officers, 24, Abingdon 
Street, Westminster, S.W.I. 

National Health Society, 90, Buckingham Palace Road, Westminster, 
S.W.I. 

National Smoke Abatement Society, 23, King Street, Manchester. 
(London Office—71, Eccleston Square, Westminster, S.W.I.) 

Non-County Boroughs Association, 11, Great George Street, West
minster, S.W.I. 

People's League of Health, 12, Stratford Place, London, W.l. 
Rockefeller Foundation, 49, West 49th Street, New York, N.Y. 
Royal Institute of PubHc Health, 23, Queen Square, London, W.C.I. 
Royal Sanitary Association of Scotland, 185, St. Vincent Street, 

Glasgow, C.2. 
Royal Sanitary Institute, 90, Buckingham Palace Road, West

minster, S.W.I. 
Royal Society of Tropical Medicine and Hygiene, Mansion House, 

26, Portland Place, London, W.l. 
Rural District Councils Association, 81, Stephen's House, Victoria 

Embankment, Westminster, S.W.I. 
Society of Chemical Industry, 46 & 47, Finsbury Square, London, 

E.C.2. 
Society of Engineers, 17, Victoria Street, Westminster, S.W.I. 
Society of Medical Officers of Health, 1, Upper Montague Street, 

London, W.C.I. 
Town-Planning Institute, Maxwell House, 11, Arundel Street, 

London, W.C.2. 
Urban District Councils Association, 9, Bridge Street, Westminster, 

S.W.I. 



CHAPTER IV 

LOCAL EXPENDITURE 

Expenditure. The amount of money which is spent by the 
various Local Authorities is very considerable, and it is increasing 
by leaps and bounds. The Ministry of Health, in their Annual 
Report for 1932-33, give a table showing the expenditure of 
the Local Authorities in England and Wales at intervals of ten 
years during the past fifty years. The totals are as follows : 

TABLE I. 

Annual Expenditure of Local Autliorities 
(In MiUions of Pounds) 

Service. 

Education 
Police 
Highways 
PubHc Health . 
Poor Relief 
Lunacy 
Housing (excluding 

small dwellings ac
quisition) 

Priacipal Trading Ser
vices (viz. Electri
city, Gas, Harbours, 
Tramways and 
Water) 

Miscellaneous Services 

Total expenditm-e other 
than out of loans . 

Expenditure out of 
loans 

Total Expenditure 

1884-
1885. 

£m. 
3-9 
3-5 
6-7 
* 
7-4 
1-7 

0-3 

8-6 
12-0 

44-1 

10-4 

54-5 

1894-
1895. 

£m. 
7-8 
4-7 
9-3 
* 
8-5 
2-0 

0-3 

11-0 
15-5 

59-7 

13-4 

731 

1904-
1905. 

£m. 
22-1 
6-1 
13-5 
10-1 
11-5 
3-4 

0-5 

22-4 
18-1 

107-7 

31-4 

139-1 

1914-
1915. 

£m. 
32-8 
8-2 
17-7 
14-1 
12-9 
4-6 

0-9 

42-3 
19-8 

153-3 

21-8 

175-1 

1924-
1925. 

£m. 
73-9 
19-2 
45-8 
32-8 
31-4 
8-1 

17-5 

88-6 
37-6 

354-9 

70-3 

425-2 

1930-
1931. 

£m. 
86-6 
22-3 
52-4 
42-5 
32-0 
9-0 

35-2 

106-7 
46-0 

432-7 

110-9 

543-6 

* Particulars not available—included under " Miscellaneous Services." 

These figures include the expenditure on the prmcipal trading 
services, such as electricity, gas, harbours, tramways and water, 
which amounted m 1930-31 to £106,700,000. These services 

D 33 
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practicaUy pay for themselves, leaving only a small deficiency to 
be met out of the rates. 

It wUl be seen that during the forty-six years since 1884 the 
expenditure of Local Authorities has increased tenfold. The 
increase in the population during the same period was only 50 per 
cent., whUe the assessable (or rateable) value has risen by 77 per cent. 

Government Grants. The Ministry, in their report for 1932-33, 
draw attention to the growing proportion which the amount of 
government grants bears to the total of grants and rates. In 
1884-85 the amount of the grants was 12-4 per cent, of the total; 
in 1930-31 it had risen to 46-5 per cent., excluding grants toward 
capital expenditure. 

Unemployment Grants. In December 1920, in consequence of 
the prevalence of unemployment, the Government appointed the 
Unemployment Grants Committee, under the Chairmanship of 
Lord St. Davids, to administer the distribution of the government 
grant of £3,000,000 which was provided for the purpose of assisting 
Local Authorities to carry out at once works on which a substantial 
number of the unemployed could be engaged. 

The original grant was based on 60 per cent, of the wages bill, 
and further grants of this kind continued to be given till the end 
of 1921. The scale of the grants was varied from time to time, 
and from 1929 onward the Committee paid in the case of " Revenue 
Producing Schemes," such as schemes of water supply, 50 per cent. 
of the interest on the loan for fifteen years, and in that of " Non-
revenue Producing Schemes " 75 per cent, of the interest and sinking-
fund charges for the first fifteen years and 37^ per cent, of these 
charges for the remainder (up to fifteen years) of the loan period. 
In either case they offered the alternative of a grant at a uruform 
rate for a period of thirty years. For a scheme of rural water 
supply, a pubhc baths or a municipal workhouse, which was certffied 
by the appropriate Government Department as " highly desirable 
in the interests of public health," a " special grant " was made 
of 100 per cent, of the interest on the loan for the first seven years 
and 50 per cent, for the next eight years. 

Grants were given only in respect of permanent works which 
would not be proceeded with but for the pressing need for reHeving 
unemployment. 

In the autumn of 1931, in view of the urgent need for economy 
then existing, the scale of the unemployment grants was reduced, 
and the Government, in November of that year, decided that no 
new appHcations should be entertained. The Unemployment 
Grants Committee then adjourned sine die, and their functions in 
connection with schemes for which grants had already been 
sanctioned have been taken over by the Ministry of Labour. 

The unemployment grants gave a great stimulus to the execution 
of pubhc health works, and their discontinuance has been followed 
by a marked fall in the expenditure on work of the kind. The 
amount of the loans sanctioned for public health works in 1931-32 
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was £11,264,263, and in 1932-33 only £5,645,246. This reduction, 
as the Ministry of Health point out, was due to a variety of causes, 
of which the withdrawal of the grants was only one. 
Development (Loan Guarantee and Grants) Act, 1929. This Act 

authorised the Treasury to guarantee certain loans to be raised in 
connection with public utility undertakings carried on under 
statutory powers by any body of persons for providing means of 
transport or communication, gas, electricity, water or power. The 
aggregate capital amount of such loans was not to exceed an amount 
sufficient to raise the sum of £25,000,000. 
The Treasury were also empowered to make grants for the 

purpose of assisting such persons to defray, during a period not 
exceeding fifteen years, the interest payable on any loans to be 
raised for the purpose of meeting capital expenditure on their 
undertakings. The operation of this Act was limited by the Act 
itself to a period of three years. 
Grants for Rural Water Supplies. The unsatisfactory state of 

the water suppHes in many rural districts has long been recognised 
as a matter of national concern, and although there has been a 
considerable improvement since the war, there is stUl a good deal 
of leeway to be made up. The very low assessable value of many of 
the parishes concerned renders it impossible to carry out a satis
factory scheme of water supply without imposing an altogether 
excessive burden on the rates. The Minister of Health announced 
in the House of Commons on 27th November, 1933, that the Govern
ment had decided to make a grant of £1,000,009 for the improvement 
of water suppHes in rural areas. In pursuance of this decision, 
the Rural Water SuppHes Act was passed in March, 1934. 
The Hnes on which this grant will be awarded are set forth in a 

joint memorandum recently issued by the Minister of Health and 
the Secretary of State for Scotland. Owing to the great difference 
in the circumstances of rural looaHties, it is not possible to lay down 
any definite rules under which assistance may be given, but it is 
contemplated that contributions shall only be made where the 
provision of a water supply would not be practicable without such 
assistance. 
The contributions will normally be made by way of a lump-sum 

contribution toward the capital cost of the works, but in exceptional 
cases they may be made by way of an annual payment for a period 
not exceeding twenty years. 
The average rate per pound of valuation levied in England and 

Wales during the past few years is given by the Ministry of Health 
as follows : 

1928-29. 

s. d. 
12 5 

1929-30. 

s. d. 
11 6 

1930-31. 

s. d. 
11 7 

1931-32. 

s. d. 
11 If 

1932-33. 

s. d. 
10 10 
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Expenses of Rural Authorities. The expenses incurred by a 
Rural District CouncU for sanitary purposes are divided into general 
expenses and special expenses. General expenses, including the 
salaries of the officers of the CouncU, are borne by the District as 
a whole, and special expenses, such as the cost of works of water 
supply or sewerage for the benefit of a " contributory place " (or 
parish), by the contributory place concerned. 

Under Section 56 of the Local Government Act, 1929, the cost 
of works carried out for the benefit of two or more contributory 
places may be apportioned between them in such proportions as 
the Council m a y think just. The same section enables a CouncU 
to contribute out of their general fund toward the special expenses 
of any parish within their District. Section 67 of the same Act 
gives power to a County CouncU to contribute toward the cost of 
sewers, sewage disposal works or waterworks for any parish within 
the county. A County Council will not as a rule make a contribution 
toward the cost of such works unless the District CouncU also do so. 

Current expenses, such as the salaries of officials and staff and 
the maintenance of public services, are defrayed from the income 
of the Authority's property and undertakings and from the rates, 
but where new works have to be constructed it wUl generally be 
necessary to raise a loan for the purpose. 

Loans. Money may be borrowed on the security of any property 
which the Authority m a y possess or on the credit of the rates, the 
latter course being the more usual. The borrowing of money by 
Local Authorities on the sepurity of the rates requires the express 
sanction of ParHament or of a Government Department, usually 
the Ministry of Health. It was untU recently regulated by Section 
234 of the PubHc Health Act, 1875, which imposed the following 
limitations : 

(1) Money is not to be borrowed except for permanent works. 
(2) The total amount of the outstanding loans shaU not at any 

time exceed twice the assessable value of the premises within the 
District. 

(3) Where the sum proposed to be borrowed, together with the 
outstanding balance of previous loans, would exceed one year's 
assessable value of such premises, the Local Government Board 
shall not sanction the loan until one of their Inspectors has held 
a local inquiry. 

(4) The period of the loan shall not exceed sixty years. 
The Hmitation of the total outstanding loans to twice the assess

able value of the District was, as mentioned in the previous chapter, 
done away with by Section 74 of the Local Government Act, 1929. 
The question of borrowing is dealt with at some length in Part I X 
of the Local Government Act, 1933. 

The period allowed for the repayment of loans varies according 
to the purpose for which the money is borrowed. In the case of 
money expended on the purchase of land, a period of sixty years is 
usually allowed, while money spent on the construction of jworks 
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or on the purchase of machinery must be repaid in thirty years and 
fifteen years respectively. For works in reinforced concrete the 
loan period is twenty years. For the purpose of developing and 
testing a source of water supply a short-period loan (five years)~ is 
usually sanctioned, and when as the result of this exploratory work 
an ample supply of wholesome water has been obtained, the Ministry 
sanction the re-borrowing of the money for an extended period 
of thirty years. Where, however, a local Act is obtained, 
ParHament may allow such period for the repayment of the loan 
as it sees fit. 
Section 212 of the Local Government Act, 1933, provides that 

money which is borrowed for the purpose of pubhc works may be 
paid off " either by equal yearly or half-yearly instalments of prin
cipal, or of principal and interest combined, or by means of a sink
ing fund, or partly by one of those methods and partly by another 
or others of them." 
When the principal is paid off by equal instalments, interest must 

also be paid on the outstanding balance. As this balance becomes 
less year by year, the sum to be paid as interest is reduced in the 
same proportion. With the alternative, or " annuity " method of 
repayment, the payments are equal throughout the period of repay
ment. 
The Ministry of Health, in their Report for 1931-32, trace the 

growth of pubUc indebtedness in England and Wales during the 
past fifty years. The gross amount owed by Local Authorities rose 
between the financial years 1884-85 and 1929-30 from £173,207,968 
to £1,157,879,087—an increase of nearly 600 per cent. Of this 
increase £54,000,000 is accounted for by the inclusion of the debt 
of the MetropoHtan Water Board, which was formed in 1902 to 
take over the undertakings of the London Water Companies, and a 
further £23,000,000 by the debt of the newly-formed Port of London 
Authority. By far the heaviest item, however, is housing, which 
is responsible for £395,800,000, in addition to £48,000,000 for the 
acquisition of small dwellings. Water supply accounts for 
£163,200,000, and sewerage and sewage disposal for £59,300,000. 
In September, 1931, in view of the financial situation of the 

country, a circular letter was issued by the Ministry of Health, 
urging upon Local Authorities the need for carefuUy scrutinising 
their expenditure. 
The borrowing powers of a Local Authority may be exercised by 

(a) the issue of securities under the Local Loans Act, 1875, (6) the 
issue of stock under the authority of their Local Acts, (c) the issue 
of stock under the stock regulations, or (d) a mortgage of the rates. 
In the case of the last of these methods the money may be 
borrowed from the PubHc Works Loan Commissioners, from the 
large banks or insurance companies, or from private lenders. 
A Local Authority desiring to raise a loan for PubHc Health 

purposes on the security of the rates must make a formal appHcation 
to the Ministry of Health for sanction to do so, and in the case of 
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proposed works must submit plans and sections of such works, 
with a copy of the engineer's report and estimate, and a copy of 
the resolution of the Council directing application to be made for 
sanction to the loan. 

The estimate must be made out on the appropriate printed form 
issued by the Ministry—K 20 in the case of works of water supply 
and K 29 in that of works of sewerage and sewage disposal. These 
forms, outlines of which wUl be found in the appropriate chapters, 
give directions for the preparation of the plans, and set forth some 
of the Ministry's normal requirements as regards the works. If the 
appHcation is in order, the Ministry will probably assign the case 
to one of their Inspectors, with instructions to hold a local inquiry. 

Local Inquiries. A fortnight, or thereabouts, before the date 
fixed for the inquiry, printed notices, stating the name of the 
Inspector, the amount to be borrowed, the purpose of the loan, and 
the time and place of the inquiry, are sent to the Clerk of the 
Authority, who must have them prominently displayed within the 
District. Anyone who is interested in the subject-matter of the 
inquiry is entitled to be present and give evidence. 

The Inspector will require a list of those present, and wUl ask if 
the notices of the inquiry have been duly posted, and whether there 
is any opposition to the scheme. Evidence is then given in support 
of the application for a loan. 

The first witness is usually the Clerk, who explains the necessity 
for the scheme and furnishes the Inspector with information on the 
following points : 

Area of the District, or " Contributory Place " (or Parish) as the 
case may be : 
Population at the last few censuses ; 

Estimated present population; 
Annual assessable value for special expenses ; 
Amount of outstanding loans ; 
Amount of unexercised sanctions for loans ; 
Total debt for all purposes ; 
Proceeds of a penny rate ; 
Rate for the previous year ; 
Rate for the current year; and the 
Increase which it is estimated that the scheme will make in, 
the rates. 

The Clerk is usually followed by the Medical Officer and the 
Sanitary Inspector, who give evidence as to the existing sanitary 
conditions. The Chairman of the Council is sometimes called in 
support of the appHcation. The Engineer responsible for the 
scheme then gives his evidence, on which he is usually examined by 
the Inspector. Any interested party is entitled to cross-examine 
the witnesses. 

Should there be any opposition to the scheme, the opponents will 
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then give their evidenCe, on which they may be cross-examined by 
the Clerk. This gentleman will then be given an opportunity to 
reply to the opponents' case, and when he has done so the Inspector 
wUl declare the inquiry closed. 
The Inspector wUl next view the site of the proposed works, on 

which trial holes should be sunk to ascertain the nature of the 
ground. He will in due course make his report to the Minister. 
The Ministry, after considering the Inspector's report, wUl notify 

the Authority of their decision. They may approve of the scheme 
as submitted: they may suggest modifications; or they may 
reject it outright. A scheme may be rejected either on the ground 
that it is unnecessary or unduly expensive, that it is not likely to 
serve the purpose in view, or that the requirements of the case may 
be better met in another way. 
The Ministry do not as a rule issue their sanction immediately. 

More frequently they request the Authority to obtain tenders for 
the work and submit a revised estimate and appHcation based on 
the provisionally accepted tender. 
The Ministry, when they sanction a loan, usually intimate that 

no part of the salary or wages of any of the Council's permanent 
staff shaU be defrayed out of the borrowed money. They do not, 
however, object to the payment out of the loan of reasonable 
remuneration for additional work done outside the normal working 
hours. 
Excess Expenditure. If for any reason the cost of the work 

should exceed the amount which has been sanctioned, a detailed 
statement of the actual expenditure, with an explanation of the 
cause of the excess or saving on each item, should be sent to the 
Ministry on their Excess Expenditure form, K 121. They wUl 
probably institute a searching inquiry into the causes of the excess 
expenditure. 



CHAPTER V 

PUBLIC WORKS 

Future Increase of Population. Before any scheme of water 
supply or sewage disposal can be put in hand we must know how 
many people it wUl have to serve. The repayment of the loan for 
works of the kind is usually spread over a period of thirty years, 
so the scheme should provide for any increase in population which 
may take place during that time. It wUl be necessary, therefore, 
to form an estimate of the probable rate of increase. 

Some guidance m a y be obtained from the census returns for the 
past forty or fifty years, taken in conjunction with recent develop
ments and plans for the future. In some cases, however, a study 
of the statistics of former years wUl afford no reHable guide to 
what may be expected in the future. The population of the Urban 
District of Dagenham, for instance, has grown from 9000 to 90,000 
in ten years. This rapid rate of increase is exceptional, being 
mainly due to the London County CounoU's housing scheme and to 
the establishment in the District of the Ford Motor Company's 
works. 

The population of most of the larger towns is, however, growing 
more or less rapidly. This increase is taking place at the expense 
of the rural areas, in the populations of which the census returns 
for the past fifty years or so usually show a progressive decline. 
The following figures from a couple of WUtshire villages are typical: 

Village. 

Chilmark 
Donhead St. Mary . 

Population. 

1891. 

487 
1206 

1901. 

411 
1121 

1911. 

408 
1014 

1921. 

352 
981 

1933. 

926 

The decline in the rural population is due to two causes—(1) lack 
of employment through the displacement of labour by machinery 
in the fields and the laying down of arable land to grass; and 
(2) the growing distaste for the monotonous conditions of country 
lUe. During the six years ending in 1932 no fewer than 100,000 
labourers left the land. 

This " rural exodus," as it is called, is occasioning grave anxiety 
in many quarters, and various projects have been mooted for bring-

40 



PUBLIC WORKS 41 

ing the people back to the land. With the social side of this question 
the Sanitary Engineer is not concerned, but when he has to supply 
a village with water, he does want to know how many people he 
must provide for. 

There is some ground for hoping that the depopulation of the 
rural areas is coming to an end. The abandonment of agriculture 
in favour of grazing and dairying appears to have reached its Hmit, 
for in 1933 the number of labourers employed on the land increased 
by 18,000. The general avaUabiHty of electric power, moreover, 
affords an opportunity for the establishment of vUlage industries. 
O n the social side, the dweUer in the country is no longer cut off 
from the amenities of Hfe as he used to be. There are few villages 
nowadays without their regular service of motor buses to the 
nearest town. The telephone brings the remotest farmhouse 
within easy touch of the rest of the world, and it receives a constant 
service of news and entertainment through the " wireless." 

In deciding what provision should be made for future increase 
there is one further factor which should be borne in mind. W e 
have been accustomed to take it for granted that, whatever changes 
there might be in the distribution of the people, the population 
of the country as a whole would continue to increase. 
The progressive growth which has taken place in our population 

since the Norman Conquest would seem to justify this assumption. 
In the three centuries preceding 1800 the population was about 
doubled : from 1800 to 1914 it increased fourfold. But Mr. A. M. 
Carr-Saunders, Professor of Social Science at Liverpool University, 
in a remarkable paper read at the Blackpool Congress of the Royal 
Sanitary Institute in 1933, gave reasons for doubting whether 
the increase would go on much longer. " Whereas in the last 
centiu-y," he said, " the average annual increase was well over 
1-0 per cent., it is now only 0-3 per cent." Even this smaUer rate 
of increase is not likely to continue, for the birth-rate is falHng 
steadUy, and " even if there is no loss by emigration, the population 
wUl cease to increase by 1940 and will subsequently decline." 

It wUl not be safe, however, to assume that no increase whatever 
wUl take place, and in the absence of special reasons to the contrary, 
it would be prudent, in designing permanent works, to allow in 
ordinary cases for a future increase of, say, 10 per cent. 

Works Department v. Contractor. A Local Authority m ay either 
carry out its works by its own Works Department or employ a 
contractor for the purpose. Small works, involving no special 
difficulties, are usually executed by the CouncU's own staff, and 
some Authorities prefer to carry out larger works in the same way. 
Such works, however, generally involve the use of expensive plant, 
which the ordinary Local Authority does not possess, and for 
this and other reasons work of any magnitude is usuaUy carried 
out by contract. 

Local Surveyor v. Consulting Engineer. One of the first points to 
be decided is whether the works shall be designed and supervised 
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by the CouncU's Surveyor or whether a Consulting Engineer shall 
be called in. Some Authorities hesitate to employ an'outside 
Engineer on the score of expense, but an experienced Consulting 
Engineer will often save the amount of his fees over and over 
again. 

The calHng in of a Consulting Engineer involves no reflection on 
the Council's Surveyor, for engineering work nowadays is highly 
speciaHsed, and a m a n who has,to carry out the multifarious duties 
which fall to the lot of a District Surveyor can hardly be a speciaHst 
in every branch of engineering. Many Borough Engineers do, 
however, make a special study of certain branches of work, in 
which they are deservedly regarded as experts. 

A difficult problem in water supply or sewerage, moreover, usually 
requires close and prolonged study and the careful consideration 
of many alternatives, and a man who cannot caU his time his 
own, but is at the beck and call of half-a-dozen Committees, can 
rarely give the matter that continuous and undivided attention 
which is absolutely necessary if the best and most economical 
solution is to be arrived at. 

There is a .|urther consideration which is too often overlooked. 
Not infrequently differences arise with contractors, and in dealing 
with these the Engineer must maintain a strictly impartial position. 
Where the local Surveyor acts as the Engineer under a contract, 
the Council are apt to look on him as their employee and to expect 
him to take his instructions from them. , Should he allow himself 
to be influenced in the shghtest degree by his Council in dealing 
with any point of difference which may arise, the contract will be 
broken, with the probable result of a costly arbitration or law suit. 
The local man, however, possesses one important advantage in 

his intimate knowledge of the local conditions. The Consulting 
Engineer owes much to the Borough and District Surveyors for the 
ungrudging way in which they place their local knowledge at his 
disposal. 

The Ministry of Health, in Appendix F to their Report on Rural 
Water SuppHes, indicate the considerations by which a CouncU 
should be guided in deciding whether or not to call in a Consulting 
Engineer. 
" Where no question arises as to the quantity or quality of the water 

proposed to be used, and the works are of a comparatively simple 
character, the Council may consider that no advice beyond that of 
their own officials is needed. If questions of dififioiilty arise, however, 
upon any part or aspect of the:scheme which is vital to its success, 
the Council will doubtless consider whether they ought not to obtain 
the advice of a Consulting Engineer experienced in designing and 
supervising the oarrjong out of water-supply schemes." 

Competitive Schemes. It was- not uncommon at one time for 
Local Authorities to advertise for competitive schemes of water 
supply or sewerage and sewage disposal. The Local Government 
Board, in their Annual Report for 1903, referred to this practice, 
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which, they pointed out, has certain disadvantages which might 
not be present to the minds of the Authorities concerned. In the 
first place, the Engineers who have the largest experience in such 
work do not enter for these competitions. They are, indeed, 
debarred from doing so by the rules of the professional societies. 
And secondly, seeing that the acceptance or rejection of a scheme 
depends to a great extent on its cost, the Engineers who engage 
in such competitions are under a strong temptation to cut down 
their estimates. In many cases of the kind the cost of the work 
has exceeded the estimate by as much as fifty per cent. The evils 
of the competition system are accentuated where the Authority 
themselves undertake the selection of the best scheme, for the lure 
of elaborate and brightly coloured drawings and a low-priced 
estimate is often irresistible. 

Even now some of the smaUer Local Authorities, when they 
require the services of an Engineer, issue advertisements inviting 
Engineers to submit their terms. It cannot be too widely known 
that Engineers who belong either to the Institution of Civil Engineers 
or the Association of Consulting Engineers are not allowed to reply 
to such advertisements or to compete with one another in the 
matter of fees. 

A Consulting Engineer who is retained by a Local Authority 
should always obtain an agreement under seal. 
' Contracts. A private employer who wishes to have work carried 

out will be careful to select a Contractor who is experienced in 
work of the kind and who is known to do his work well and to be 
reasonable in his charges. A Local Authority, however, are not at 
liberty to choose then: Contractor, if the value of the work exceeds 
£10,0, for they are compelled by the Local Government Act, 1933, to 
advertise for tenders. 

Section 266 of this Act specifies that " all contracts made by a 
Local Authority or a committee thereof shall be made in accordance 
with the standing orders of the Local Authority." Circular 1388, 
issued by the Ministry of Health on 28th March, 1934, to Local 
Authorities, invites their attention to Section 266, and encloses 
for their assistance a draft upon which it is suggested that their 
standmg orders should be modeUed. The following are the principal 
clauses of this draft:—-

" Before entering into a contract for the execution of any work, 
the Council shall obtain from the appropriate officer or other person 
an estimate in writing of the probable expense of executmg the work m 
a suitable manner and of the annual expense of mauitainmg the same. 

" N o contract which exceeds flOC* in value or amount for the 
supply of goods or materials or the execution of any work shah be 
made unless at least ten days' public notice has been given m one or 
more of the local newspapers circulating in the district, and also, 
wherever the value or amount of the contract exceeds £1,000,"̂  
in one or more newspapers or journals circulatuig among such persons 
as undertake such contracts, expressing the nature and purpose 

* These figures may be modified in special cases. 
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thereof, inviting tenders for its execution, and stating the last date 
when tenders wiU be received. 

" Tenders shall be opened at one time and only in the presence of 
" (i) such member or members of the Council as may_ have been 

designated for the purpose by the Council or by the Committee to 
which the power of making the contract to which the tenders relate 
has been delegated; and 

" (ii) the 7=—j—J—=—p, r; or an official of the Council designated 
Clerk of the Council 

by him. 
" A tender other than the lowest tender, if pajrment is to be made 

by the Council, or the highest tender if payment is to be received by 
the Council, shall not be accepteduntil the Cotmoil shall have con
sidered a written report from the appropriate officer or other person. 

" Every contract which exceeds £50*' in value or amount shaU be 
in writing. 

" Every contract which exceeds £100''° in value or amount and is 
either for the execution of works or for the supply of goods or materials 
otherwise than at one time shall provide for some pecuniary penalty 
to be paid by the contractor in case the terms of the contract are not 
duly performed, and the Council shall require and take sufficient 
security for the due performance of every such contract. 

" AU contracts shaU, so far as practicable, require either that goods 
and materials used in their execution shaU have been produced in the 
United Kingdom or that they shall have been produced in the British 
Empire. 

" All contracts, where a specification issued by the British Standards 
Institution is current at the date of the tender and is appropriate, 
shall require that goods and materials used in their execution shall 
be in accordance with that specification. 

" In every written contract for the execution of work or the supply 
of goods or materials the foUowmg clause shall be inserted :— 

' " The contractor shall in the execution of this contract pay 
rates of wages and observe hours of labour not less favourable than 
those commonly recognised by employers and trade societies (or, 
in the absence of such recognised wages and hours, those which 
in practice prevail amongst good employers) in the trade in the 
district where the work is carried out.' " 

There are doubtless good reasons for compeUing Local Authorities 
to advertise for tenders, but this course presents certain disadvan
tages, especiaUy in the case of difficult or hazardous work. Some 
of these disadvantages were well pointed out by Godfrey 
Taylor in the Presidential Address which he gave to the Institution 
of Sanitary Engineers on 5th January, 1934. 

Referring more particularly to the construction of sea outfall 
sewers, he said that in his experience two classes of tender are 
received—the first from Contractors who are experienced in work 
of the kind, and the second from those who are not. The former 
are aware of the risks which are attached to the work : they know 
that their plant and materials may be washed away two or three 
times, and they tender accordingly. Inexperienced contractors 

* These figures naay be modified in special cases. 
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know nothing of these risks, and very little of the difficulties under 
which the work has to be done, and they send in tenders which are 
far too low. In a recent case of the kind in which I was the 
Engineer, the amount of the lowest tender was £2632 and that of 
the highest £10,644, the next highest being £7168. A Local 
Authority obviously place themselves in a very invidious position 
if they accept a tender for say £5000 when another Contractor has 
offered to do the work for half as much. • 

Mr. Taylor, in the course of his address, made two suggestions 
which are well worth consideration. The first was that Local 
Authorities should not be compelled to advertise for tenders for 
work of this nature, but should be allowed to invite tenders from a 
few Contractors who are experienced in such work. His second 
suggestion was that the contract should not be let on the usual 
basis of measure and value, but that the Contractors should be 
asked to give a reasonable estimate of the cost of the work and to 
quote a lump sum which they would accept to cover their overhead 
establishment charges and profit. In other words, they would carry 
out the work as agents for the Local Authority. Taylor expressed 
the opinion that work done in this way would cost less in the end 
than it tenders were advertised for in the ordinary way and the 
intending Contractors had to cover themselves against all risks. 

For some time after the war it was not unusual, instead of letting 
contracts on a lump-sum basis, to pay the Contractor the actual cost 
of the work plus an agreed percentage to cover his services and 
profit and the use of his plant. This was a bad system, for it 
gave the Contractor a strong inducement to swell the cost of the 
work. It is better to pay him a fix;ed sum, as suggested by Taylor, 
irrespective of the amount expended. A stUl better plan is to invite 
each Contractor to submit an estimate of the cost of the work and 
to name a sum to cover his services, profit and use of plant, such 
sum being subject to an increase of so much per cent, on any saving 
which m a y be effected on the estimated cost, and to a reduction by 
the same percentage on any excess. Under this arrangement it 
would be to the interest of the Contractor to do his utmost to keep 
down the cost of the work. 

The construction of important engineering works calls for skill 
of a high order, and many public works contractors are quahfied 
enguieers. 

Contract Drawings. In order that intending Contractors may 
submit their tenders, they must know exactly what work they AVUI 
be caUed upon to do and how they wUl have to do it. Complete 
drawings of the intended works must therefore be prepared—in the 
case of works of sewerage a general plan of the sewers, a section 
of each sewer, and detaU drawings of the manholes, flushing tanks, 
etc., and the purification works. Copies of the plans which were 
sent to the Ministry wUl usually serve for the contract drawings, but 
additional detaU drawings may be necessary. All dimensions should 
be figured on the drawings, and none should be left to be scaled. 
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The general plans of works are usually drawn on ordnance sheets 
or tracings made therefrom. Ordnance sheets are published to the 
following scales :—-

: 1 in. to 1 mile : 5280 ft. to 1 in. 
63,360 

,^\^^ : 6 m. to 1 mile : 880 ft. to 1 in. 
10,560 
^ 25-344 m. to 1 mile : 208-33 ft. to 1 in. 

50-688 in. to 1 mUe ; 104-17 ft. to 1 m. 

2500 

1 
1250 
1 
,„^ : 126-72 in. to 1 mile : 52-08 ft. to 1 in. 
500 

The 1-in., 6-in. and 1/2500 maps are available for the whole 
country, and the 1/1250 and 1/500 for certain towns only. All 
except the 1-in. map show every enclosure, and those to the 1/2500 
and larger scales give the area of each. 
Spot levels are given on the maps to all scales, and " ordnance 

bench marks " on all but the 1-in. In certain mihtary areas, 
however, the levels are omitted, but they can be obtained from the 
Director-General at the Ordnance Survey Office at Southampton. 
The 6-in. maps also give the contours at every 100 ft., and some

times closer. It would be very useful if the contours could also be 
shown on the 1/2500 maps. 
The levels on the older maps are given in feet above the assumed 

mean level of the sea at Liverpool, which is 0-65 of a foot below the 
general mean level of the sea, whUe those on the newer maps are to 
the Newlyn datum. The new levellmg was decided on owing to the 
discovery of a general cumulative error, complicated by local errors, 
in the old levels, which date back to 1840. These errors were due 
to the imperfections of the instruments then in use and to methods 
of revision which the advance of scientffio knowledge has proved to 
be faulty. The Liverpool datum, moreover, was not sufficiently 
exact for scientffio purposes, and Liverpool, being situated on a 
tidal river, is not a suitable site for accurate scientific observations. 
Newlyn is situated on the open sea, and the Newlyn datum is the 
mean sea-level computed from hourly observations over a period 
of six years. 
Levels referred to the Newlyn datum are generally lower than those 

referred to Liverpool, the difference being zero at Liverpool and 
increasing as we go across country in a south-easterly direction 
to a maximum of 2 ft. at Harwich. In North Wales and to the 
north of a line drawn from Lancaster to near Scarborough the new 
levels are greater than the old ones, the maximum difference, 
0-33 ft., occiuTing at Longhorsley, in Northumberland. It is 
important, when working from two adjoining ordnance sheets, to 
see that the levels on both are given from the same datum. 
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The spot levels are not given to the nearest foot, but any level 
between 177-00 and 177-99 is caUed 177. SimUarly ̂ ith the bench 
marks : anythmg between 34-60 and 34-69 is given as 34-6.* If the 
exact values of the bench marks are desired, they can be obtained 
from the Director-General. 

The levels are almost always wonderfully accurate, and errors 
are rare. If any error is detected or any bench mark is missing, 
the Director should at once be notified. In some areas nearly all 
the bench marks have disappeared. Worse stUl, houses or bridges 
are sometimes rebuUt, the stones in which bench marks are cut 
being replaced at a different level. This sometimes gives rise to 
serious errors. The Engineer should not rely solely on the levels 
given on the ordnance maps, but should always take his own. 

Geological maps of the whole country to the 1-in. scale are also 
issued. W h e n ordering these, it should be stated whether the maps 
showing the superficial deposits or those showing the sub-surface 
formations are required. Geological sections are pubHshed along 
certain lines shown on the maps. 

The Charts issued by the Admiralty show the coast and the 
depth of the sea adjoining it. The range of the tides and the 
directions of the prevaUing currents are also shown. 

Specifications. Specffications must also be drawn up. A speci
fication usuaUy consists of three parts : the general conditions of 
the contract, stating the time allowed for the completion of the 
work, the, mode of payment and the obligations devolving on the 
Employer and the Contractor respectively; a specification of 
materials and labour; and a description of the works. 

UntU comparatively recently every Engineer had to draw up 
his own specffication, but certain parts of it have now been stan
dardised. A Form of Agreement and General Conditions of 
Contract for use in connection with works of Civil Engineering 
Construction was drawn up in May 1930 by the Association of 
Consulting Engineers, in agreement with the Federation of Civil 
Engineering Contractors, and standard specffications for many 
classes of material are issued by the British Standards Institution. 

Bills of Quantities. It would be possible for Contractors to prepare 
their tenders from the drawings and specffication alone, but, in 
order to do so, each intending Contractor would have to measure 
up the works on the drawings and work out the quantity of every 
item. This would involve an enormous dupHcation of labour, and 
in order to obviate this a Bill of Quantities is usually drawn up and 
suppHed to each intending Contractor. 

There has in the past been considerable diversity of practice in 
the preparation and interpretation of Bills of Quantities, and many 
disputes have been occasioned thereby. In the case of ordinary 
buUding work, which is more or less standardised, methods of 
bilHng quantities have been evolved which appear to meet the 
* On the later ordnance maps the values of the bench marks are given to 

the nearest hundredth of a foot. 
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requirements fairly well, but which are not applicable to the widely 
differing categories of engineering work. 

In view of the desirabUity of uniformity in the drawing up of 
engineering quantities, the Council of the Institution of Civil 
Engineers appointed a representative Committee to prepare a list 
of units of measurement and formulate the methods w H o h should 
be followed. In March 1932 this Committee presented a draft 
report, 1200 copies of which were sent out to be criticised. Twelve 
months later, after considering the criticisms which they received, 
the Committee presented their final report, which has now been 
pubHshed by the CouncU. 

The chief points of difference between building and engineering 
quantities are as follows :•— 

In the former the quantities are taken out in great detaU, half a 
dozen items being sometimes given for a single piece of work. In 
engineering quantities every item of work is dealt with as a whole, 
and the price inserted for it must include all costs and expenses 
required in its construction and all general risks, UabUities and 
obhgations set forth or implied in the contract documents. 

In buUding quantities the work of each trade—excavator, brick
layer, carpenter, etc.—is usually grouped together. In the case of 
engineering work it is more convenient to arrange the items 
according to the location of the work. 

The descriptions attached to the various items, whUe being as 
brief as possible, should be in sufficient detaU to ensure the identi
fication of the work. All measurements are to be net, notwithstand
ing trade customs to the contrary, and without aUowance for 
waste. 

Where special articles have to be purchased, a " prime cost " is 
usually inserted in the quantities, and the Contractor is asked to 
add his profit and the cost of unloading, carting and fixing 
them. 

Where the amount of work to be done is uncertain or subject to 
variation, or in the case of such items as " timber left in trenches 
by order of the Engineer," the item is marked " proAdsional." 

A provisional sum is usually inserted for " AuxUiary Works." 
This sum is to be expended in whole or in part as directed by the 
Engineer, and any portion of it which is not required is deducted 
from the amount of the contract. 

Schedules of Prices. A Schedule of Prices is sometimes appended 
in which the Contractor inserts his prices for daywork and for 
certain works and materials which do not appear in the Bill of 
Quantities, but which m a y be found necessary during the execution 
of the work. A Contractor who sends in a low tender sometimes 
inserts very high prices in his schedule, especially for items of which 
he thinks a considerable quantity m a y be required. In order to 
get competitive prices for such items, it is well, where possible, to 
dispense with a separate schedule of prices, and to include pro
visional quantities of daywork, etc., in the BUI of Quantities. 
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Every item in the Bill and every clause in the Specffication should, 
of course, be numbered for convenience of reference. 

The amount of the tender must be the total amount of the BUI. 
Copies of the Specffication and BUI of Quantities are supplied to 

intending Contractors on the deposit of a nominal sum, which is 
returned to those who send in bona fide tenders when the contract 
is let. A second copy of the Bill of Quantities should, if possible, 
be suppHed to each Contractor in order that he may keep a copy 
of the making up of his tender. The drawings of the works should 
be on view at the office of the Engineer and that of the Local 
Authority, and Contractors who wish to obtain copies of any of 
the drawings for use in preparing their tenders can usually do so 
for the cost of making the prints. 
Ample time should be aUowed intending Contractors in which 

to prepare and send in their tenders. The draft standing orders 
which were issued by the Ministry of Health for the giudance of 
Local Authorities suggest ten days as a minimum, but more time 
should be allowed U possible. The Contractor has not only to see 
the plans and specffication, but he must also inspect the site of the 
works and obtain information as to the nature of the ground, the 
level of the subsoil water and the local sources of materials, and 
obtain prices for all his materials. And, having done so, he has to 
price every item in the BUI of Quantities and check the extensions 
and additions. Bearing in mind that he may have two or three 
other tenders to prepare at the same time, three weeks is not too 
much time to aUow. Any undue curtaUment of the time is apt to 
restrict the number of tenders and to shut out those Contractors 
who are most careful in the pricing of the quantities. 

Proper security should always be taken for the due performance 
of the contract. Each intending Contractor should therefore send 
with his tender the names of two private sureties, or of an Insurance 
Company, who shaU be jointly and severaUy bound with him for 
the fulfilment of his obhgations under the contract. This is not a 
mere matter of form, for the unfortunate sureties occasionaUy find 
themselves caUed upon to complete at their own expense a contract 
which the Contractor, by reason of bankruptcy or some other cause, 
is unable to carry out. 

Choice of Contractor. A Local Authority are not bound to 
accept the lowest or any tender, and it is often dangerous to accept 
the lowest. Serious difficulties have often arisen from the acceptance 
of a tender without due inquiry as to the financial standing of the 
Contractor and his abihty to carry out the work. 

A Contractor who has priced his tender too low may not be able 
to complete the work, and even if he does he may not carry it out 
in a proper manner, and he will be under a strong temptation to 
try to make good his losses by putting in an excessive bUl for extra 
works. It is, of course, the duty of the Engineer to see that the 
Contractor carries out the work in accordance with the specffication, 
but it is very difficult to keep an incompetent Contractor up to the 
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mark, especially if he is losing money on his contract. With a 
good Contractor a single Resident Engineer can often look after 
quite a large contract; with a bad one, especially if he is not too 
scrupulous, three or four Resident Engineers may be required. 
There is a wide difference between work which only just complies 
with the terms of the specification and that of a Contractor who 
takes a pride in his work. 

It is never safe to accept a tender untU it has been very carefuUy 
examined, for some of the items jn the Bill of Quantities m a y be 
left unpriced, or there may be arithmetical errors, the correction of 
which may increase the amount of the tender. The prices moreover 
may be so inconsistent as to show that the intending Contractor 
does not understand the nature of the workj- In such a case, or 
when there is any doubt as to his financial standing or reUabUity, it 
wUl usually be cheaper in the end to accept a higher tender. 

Careful inquiry should therefore be made into the financial position 
of the Contractor and that of his sureties, the quahty of the Con
tractor's work and the fairness or otherwise of his accounts, and 
no tender should be accepted from a Contractor if there is the 
slightest doubt as to his suitabUity in any of these respects. There 
wUl often, however, be border-line cases ui which the repHes to such 
inquiries, while not quite so satisfactory as could be wished, are 
hardly so unsatisfactory as to justUy the rejection of the tender, 
and in such cases the decision wUl be a difficult one. 

Execution of Work. The work is usually carried out under the 
supervision of a Resident Engineer (or Clerk of Works), whose duty 
it is to see that the drawings are followed and the requirements of 
the specification strictly compHed with. H e measures up the work 
month by month with the Contractor or his agent, and reports to 
the Engineer from time to time. His position is one of great 
responsibility, and exposes him to a certain amount of temptation, 
so it is important that he should be adequately paid. H e is the 
representative of the Engineer, and should therefore be selected by 
him, his salary being paid by the CouncU. 
A Resident Engineer has no authority to vary the contract or to 

order any additional work. In the course of the execution of the 
work many questions wiU arise, with some of which he will be able 
to deal. H e should never, however, take any important decision 
without consulting his Chief. 

The Contractor is generally paid monthly on the certfficate of the 
Engineer that work to a certain value has been executed to his 
satisfaction. Ten per cent, of the value of the work is usually kept 
in hand until its completion, when a part of the retention money is 
released, the balance being paid on the expiry of the period of 
maintenance. The monthly certificates may or may not include a 
part of the value of the unused material delivered on the site of 
the works. 

Variations and Extra Work:. It is sometimes found necessary 
during the progress of the work to vary it in certain respects, or to 
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carry out certain extra works which could not be foreseen before 
the work was put in hand. The amount finally payable to the 
Contractor is rarely therefore the original amount of the contract. 
Variations and extra work are a fruitful source of dispute with 

the Contractor. It is his duty to send to the Engineer every month 
an account giving full particulars of all extra or additional work 
executed during the month, and a straightforward Contractor 
always does so. A Contractor who is not so scrupulous wUl often 
defer rendering his extra work account until the whole of the work 
under his contract is finished, and will then send in an inflated 
account which it is very difficult to check. The temptation to do 
so is all the greater U he has priced his tender too low. 
In the case of varied or additional work, it is the duty of the 

Engineer to make such allowances in respect of it as he may con
sider reasonable, but most contracts contain a clause under which 
a Contractor, if he is dissatisfied with any decision of the Engineer, 
may require the matter to be referred to an Arbitrator. Arbitration 
is always a costly proceeding, and should be avoided wherever 
reasonably possible. 

Maintenance. Most contracts provide that the Contractor shall 
at his own cost maintain the works in due order and repair for a 
period, usuaUy twelve months, from the date of the Engineer's 
certificate of completion, and that he shall make good any defect 
which may appear or develop itself during that period. In certain 
exceptional cases, such for instance as that of works exposed to 
attack by the sea, it may be less expensive for the Local Authority 
to undertake the maintenance of the works than to pay the 
Contractor for doing so. 
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CHAPTER VI 

LAW 

MOST of the statutory provisions relating to water supply are 
contained in the Waterworks Clauses Acts of 1847 and 1863, the 
PubHc Health Act, 1875, and the PubHc Health (Water) Act, 1878. 

Waterworks Clauses Act, 1847. This Act was passed for the 
purpose of bringing together in one Act the provisions which were 
usuaUy embodied in the various private Water Acts. 

It gives power to break up streets for the purpose of laying pipes, 
and compels the undertakers to lay and maintain service pipes at 
the request of the owner of a dweUing-house in any street in which 
pipes have been laid. It gives them certain powers of control over 
the laying of communication pipes by the owner or occupier, for the 
prevention of waste and misuse of water, and for the recovery of 
water rates. 

Penalties are laid down for wilful damage to the works of the 
undertakers, and for the waste or fouling of water. 

The Waterworks Clauses Act, 1863, contains " sundry provisions 
of the Hke nature " which are not included in the Act of 1847. 

It gives power to any two justices to inquire into the truth of 
any complaint that a reservoir is in a dangerous condition, and to 
take such steps as they m a y see flt to remove the cause of complaint. 

It provides that a supply of water for domestic purposes shaU not 
include a supply of water for cattle or for horses or for washing 
carriages, where such horses or carriages are kept for sale or hire 
or by a common carrier, or a supply for any trade, manufacture or 
business, or for watering gardens, or for fountains, or for any orna
mental purpose. 

Public Health Act, 1875. Section 51 empowers a Local Authority 
to supply its district or any part thereof with water, or to contract 
with any person for a supply. 

Section 52 debars a Local Authority from constructing water
works within the limits of supply of a Water Company as long as 
such Company is able and wUUng to furnish a proper and sufficient 
supply. 

55 
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Section 53 requires a Local Authority desiring to construct a 
reservoir to hold more than a hundred thousand gallons to give 
two months' notice of the intended work."' 
Section 54 empowers a Local Authority to lay water-mains 

wherever necessary within or without their district. 
Section 56 authorises the imposition and collection of water 

rates. 
Section 57 incorporates parts of the Waterworks Clauses Act, 

1847, and the whole of the Waterworks Clauses Act, 1863. Those 
provisions of the former Act which relate to the supply of water 
for flre extinction will be found on p. 180. 
Section 58 authorises the supply of water by meter. 
Section 66 requires every Urban Authority to provide flre-plugs 

(or hydrants) and all works, machinery and assistance necessary 
for securing an efficient supply of water in case of flre. 
Section 68 imposes penalties for fouHng water with gas washings. 
Section 69 empowers Local Authorities to take proceedings to 

prevent the poUution of streams. 
Section 70 gives power to close polluted wells. 
Section 299 imposes on the Local Government Board f the duty 

of ordering a Local Authority which has made default in providing 
its district with water to furnish a supply within a specified time 
or, failing compHance with such order, of appointing some person 
to do so. 
Public Health (Water) Act, 1878. Section 3 makes it the duty 

of every Rural Sanitary Authority to see that every occupied 
dwelling-house within its district has within a reasonable distance • 
a sufficient supply of wholesome water. Where it appears to an 
Authority that any dwelHng-house has not a sufficient supply, 
and that such a supply can be provided for a sum the interest on 
which would amount to twopence per week (or, if the Local Govern
ment Board consider it reasonable, threepence a week), the Authority 
may serve on the owner of the house an order requiring him, within 
a time not exceeding six months, to provide such a supply. 
Nothing in this section shall be deemed to reUeve the Authority 

from the duty of providing a supply of water where danger arises 
to the health of the inhabitants from the insufficiency or unwhole-
someness of the existing supply. 
Section 4 gives the owner of a house who has been required by 

a Rural Sanitary Authority to provide a supply of water thereto 
a right of appeal against such requirement. 
Section 6 prohibits the erection or rebuilding of a house in a 

rural district without a sufficient water supply. 
Section 7 makes it the duty of every Rural Sanitary Authority 

to ascertain from time to time the condition of the water supply 
within its district. 
Section 9 empowers a Rural Sanitary Authority to recover 
* By the PubUc Health Act, 1925, this tune is reduced to six weeks. 
t Now the Ministry of Health. 
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water rates or rents from the owner or occupier of every dwelling-
house within two hundred feet of a stand-pipe unless such house 
has another source of supply. 

Section 10 makes it incumbent upon a Sanitary Authority, on 
the application of any ten ratepayers in an urban district, or five 
in a rural parish, to charge water rates or water rents for the water 
suppHed. 

Local Government Act, 1894. Section 8 gives a Parish CouncU 
power to utUise any weU, spring, or stream within the parish and 
to provide faciHties for obtaining water therefrom. 

District Councils (Water Supply Facilities) Act, 1897. This Act 
empowers any landowner who m a y contribute any money towards 
the expenses incurred by a District CouncU for the purpose of 
supplying water to his lands to charge his estate with the amount 
of such contribution for a term not exceeding twenty-five years. 

Water Undertakings (Modification of Charges) Act, 1931. This 
Act gave power to the Minister of Health to enable any Local 
Authority, Joint Board, Company, Body or person authorised to 
supply water, to raise their charges to meet the increase in costs 
due to the War. 

The Rural Water Supplies Act, 1934, authorises the Muiister of 
Health and the Department of Health for Scotland to make con
tributions towards the cost of providing or improving suppHes of 
water in rural areas. 

Supply of Water in Bulk (No. 2) Act, 1934. This Act empowers 
statutory water undertakers, whether local authorities, boards or 
companies, to give and to receive suppHes of water in bulk. N o 
agreement for this purpose m a y be entered into without the consent 
of the Minister of Health. 

Water Supplies (Exceptional Shortage Orders) Act, 1934. This 
Act authorises the Minister of Health and the Secretary of State 
and the Department of Health for Scotland to make orders and to 
give directions with a view to meeting deficiencies in water suppHes 
due to exceptional shortage of rain. A n order may be made under 
this Act for authorising any water undertakers to take water from 
any specffied source; for the suspension or modffication of any 
restrictions or obHgations as respects the taking of water, or for 
the discharge of compensation water; for the supply of water in 
bulk outside the undertakers' Hmits of supply; or for authorising 
the undertakers to prohibit the use of water for any particular 
purpose or to impose limits on the use of water by consumers. 

Any order made under this Act shall cease to have effect at the 
expiration of six months or such shorter period as may be specified, 
without prejudice to the power of the Minister to make a new 
order. 

Private Acts. In addition to the statute law relating to water 
supply, most water companies and many Local Authorities have 
obtained private Acts empowering them to appropriate and dis
tribute water for the supply of their respective areas. Although 
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these Acts have been passed one by one over a long course of years. 
Parliament has been careful to follow certain general rules, and 
the precedents estabhshed by the earlier Acts have been followed 
more or less closely in the later ones. 

Water Rights. Every landed proprietor has a right to use the 
water flowing over or through his land by a natural stream, but he 
must not use it in such a way as to injure or infringe on the rights 
of other proprietors over whose land it runs. H e must not diminish 
the flow of the stream nor may he pollute the water. 

Underground Water. Water flowing in a defined chamiel under
ground is subject to the same law as water fiowing in a natural 
stream above ground, but in the present state of the law every 
landowner has unfettered rights in regard to all water under his 
land which does not flow in a defined channel. H e may pump 
an unlimited quantity of such water for his own use or for sale 
to others, or may even allow it to run to waste. If by so doing 
he lowers the level of the water in a neighbouring well, or even 
empties it altogether, the owner of such well, whether a private 
individual, a water company, or a Local Authority, has no ground 
of complaint, and is not entitled to compensation for the loss of his 
water. The pumping of water from a colliery shaft may dry all 
the wells within a wide radius, but even so the owners of such 
wells have no redress. 
W h e n a public water authority seeks power to bore for under

ground water, clauses are usuaUy inserted in the Bill limiting the 
choice of sites for their borings, and compeUing them to give com
pensation for any injury which their pumping may cause to the 
owners of other wells within a specffied distance. The water 
authority have no protection, however, against the loss or diminution 
of their suppHes through the operation of neighbouring landowners. 

In view of the unsatisfactory nature of the present position with 
regard to underground water, the Advisory Committee on Water 
of the Ministry of Health appointed a Sub-committee to devise 
means for bringing the pumping of underground water under 
control, and in March 1925 they issued a report embodying the 
recommendations of the Sub-committee, which they (the main 
Committee) adopted unanimously. 
The Sub-committee proposed that power be given to the Minister 

of Health to schedule areas in which the demands on underground 
water are such as to necessitate special measures of protection, 
and to prohibit the sulking of any fresh wells (except for domestic or 
agricultural purposes) without a permit. They recommended also 
that Statutory Water Undertakers be given powers for protecting 
their suppHes from pollution. 

The Advisory Committee expressed the hope that legislation on 
the subject of underground water would be found practicable at 
no distant date. 

Inland Water Survey. In the past, sources of water have been 
appropriated for the supply of particular towns without regard to 
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the needs of others, and of late years a demand has been gathering 
force for legislation to govern the aUocation of such sources. 

A few years ago the British Association for the Advancement of 
Science appointed a Committee to consider the question of an 
Inland Water Survey. This Committee issued a report which was 
presented to the Association at its Glasgow meeting in September, 
1933, and at the request of the Association the Council of the 
Institution of CivU Engineers appointed a Committee to investigate 
the feasibihty of carrjdng out on a self-supporting basis a compre
hensive survey of the inland water resources of Great Britain. 

O n 5th February, 1935, the Government announced the appoint
ment of a Committee to advise on an Inland Water Survey for 
Great Britain, on the progress of the measures which had already 
been undertaken, and on the further measures required, and to 
make an annual report. The Committee wiU have as its Chairman 
Colonel Sir Henry G. Lyons, formerly Director of the Meteorological 
Office. 
The question of a National Water PoHcy is also engaging the 

attention of a Committee composed of members of the Institution 
of Water Engineers, the British Waterworks Association and the 
Water Companies' Association. 

Water Grid. It has been suggested in certain quarters that water 
should be suppHed throughout the country from a " water grid," 
drawing its supply from the Pennine Chain and other elevated areas 
of heavy rainJEall. The advocates of this proposal point to the 
analogy of the electricity grid which distributes electrical energy 
throughout the country from a number of large generating stations. 
But, as the Ministry of Health point out in their Report for 1932-33, 
the two commodities are not comparable, and the conditions which 
govern the distribution of the one are totaUy different from those 
which apply to the other. In the case of water the question of 
levels is aU-important. There are many towns and vUlages situated 
at a level of 500 O.D. or over, and in order to supply these the water 
would have to be carried at very high pressures through the inter
vening low ground. 

The preponderating factor, however, is the high cost of laying 
the enormous trunk mains which would be required. The cost of 
these, coupled with the dUficulty due to varying levels, would make 
a comprehensive grid impracticable. 

It was stated by Dr. Gibbon, Assistant Secretary of the Ministry 
of Health, at the International Conference on Sanitary Engineering 
held in London in 1924 that approximately 70.per cent, of the 
population of England and Wales are suppHed with water by 
Local Authorities, and 15 per cent, by companies, the remaining 
15 per cent., chiefly in rural districts, being dependent on local 
springs and wells. {Transactions International Conference on 
Sanitary Engineering, p. 7.) 



CHAPTER VII 

CHEMISTRY AND BACTERIOLOGY OF WATER 

WATEE is a compound formed by the combination of two gases, 
hydrogen and oxygen, in the proportion of two parts by volume 
of hydrogen to one part of oxygen. Its chemical formula is HgO. 
It contains eight parts by weight of oxygen to one part of 
hydrogen. 

A cubic foot of water weighs about 62f lb., and its density is the 
standard by which those of all other substances are compared.'*' 
W h e n for instance we say that the specffic gravity of gold is 19-3, 
we mean that one cubic foot of gold weighs as much as 19-3 cubic 
feet of water. 

Water freezes at a temperature of 32° F., and boUs (at sea level) 
at 212° F. At higher altitudes its boUing point is lower. In 
scientffic writings temperatures are usually given in degrees Centi
grade. O n the Centigrade scale the freezing point is zero and 
the boUing point 100°. The Fahrenheit scale is ordinarUy employed 
in this country, and will accordingly be used in this book. 

W e often hear of a supply of " pure " water. There never was 
such a supply, and never will be, for outside the laboratory pure 
water does not exist. The reason for this is that water is a universal 
solvent. It greedily dissolves impurities, gaseous, Hquid and solid, 
of every conceivable kind. Even rain-water is not pure, for during 
its passage through the air it absorbs carbonic acid gas and ammonia 
and, in towns, other acids resulting from the burning of coal. It 
gathers fresh impurities from the surfaces over w M c h it flows, 
and, in the case of underground water, from the rocks through 
which it passes. Water which is stored in a reservoir may be 
contaminated with algoid growths and with the products of their 
decomposition, and in passing through pipes it may dissolve 
appreciable quantities of the metal of which they are made. All 
water, therefore, contains a greater or less amount of impurity. 
What is usually meant by " pure water " is " wholesome water " — 
that is to say, water which is free from any impurity which is 
injurious to health and from bacteria which may convey disease. 
The composition of a water is ascertained by means of a chemical 

analysis, and the results are expressed in parts by weight. It was 
formerly customary to give the results of analyses in grains per 

'* At the Royal Institution on 23rd March, 1934, Lord Rutherford an
nounced the discovery of what he calls " heavy water." Its density is about 
10 per cent, greater than that of ordinary water, and its freezing and boiling 
points are slightly higher. 
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gaUon, but they are now usuaUy stated in parts per hundred 
thousand. American chemists record their results in parts per 
mUUon, corresponding to mUHgrams per Utre in the metric system. 
Grains per gaUon may be converted into parts per hundred thousand 
by multiplying them by ten and dividing the product by seven. 

A complete chemical analysis of water is rarely, if ever made, 
the only constituents which it is usually necessary to determine 
being those that indicate pollution : the hardness also is often 
noted. 

Total Solids. The suspended and dissolved soHds in a sample of 
water are usuaUy estimated separately, and the suspended soHds 
are often subdivided into mineral and organic matter. 
The solids m a y be obtained in a soHd state by evaporating the 

water. If the residue is then heated to redness, the organic matter 
is burnt off, the " loss on ignition " thus affording an indication of 
the amount of such matter present. 

Oxygen Absorbed. Since carbon and nitrogen are characteristic 
constituents of organic matter, great stress was formerly laid on 
organic carbon and organic mtrogen. These terms are now rarely 
employed, other determinations being used which give practically 
the same information. 

Foul matter is destroyed by burning, whereby it is brought into 
combination with oxygen. This combination may take place at a 
high temperature in a destructor or at a low temperature in the 
water of a stream, the result in either case being the same. The 
oxygen m a y be obtained from a salt, such as permanganate of 
potash (KMnOJ, which is able to give up some of its oxygen, or 
the water which is being examined may be mixed with clean water 
containing oxygen in solution. The amount of oxygen taken up 
by a sample of water (or sewage) at a fixed temperature is a measure 
of the impurity which it contains. 
W h e n permanganate of potash is used as the oxidising agent, 

the results are expressed as " oxygen absorbed in four hours," or 
in three minutes, the latter determination indicating the amount 
of organic matter which is in such an unstable condition that it 
takes up oxygen almost immediately, and of other oxygen-absorbing 
substances such as iron pickle, sulphides, and nitrites. 
W h e n dissolved oxygen is employed, the oxidation is continued 

for two days, five days, and sometimes for still longer periods, 
during which practically the whole of the organic matter is brought 
into combination with oxygen. The amount of dissolved oxygen 
which a sample of water or sewage absorbs in five days is called 
its " bio-chemical oxygen demand," or, shortly, its "B.O.D." 

Nitrogen. The nitrogen in a sample of water or sewage is present 
in many forms. It m a y form part of organic substances which 
only give it up (as ammonia) on boiling with an alkaline solution of 
permanganate of potash. Ammonia Hberated in this way is 
reported as "albuminoid ammonia." Ammonia is also set free 
by the spontaneous decomposition of organic matter, in which 
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case it may be found either in the free state or in combination 
with an acid. Such ammonia is termed " free or saline ammonia." 

A part of the nitrogen present in water has usuaUy undergone 
a more or less complete oxidation, with the formation either of 
nitrous acid (HNOg) or, if the oxidation has proceeded to com
pletion, as nitric acid (HNO3). In either case the acid, as soon as 
it is formed, will enter into combination with a base, such as soda 
or potash, Vith the formation of a nitrite or mtrate. These salts, 
while not in themselves injurious, are an indication of previous 
pollution. 

The amount and condition of the nitrogen hi a sample of water 
thus afford a good indication of its history. The presence of an 
appreciable quantity of nitrogen in any form points to previous 
contamination; recent, in the case of albuminoid ammonia (or 
albuminoid nitrogen), and less so in that of free ammonia or 
nitrites; whUe the pollution indicated by nitrates m a y be so 
remote as not to affect the wholesomeness of the water. 

The old tests for organic nitrogen are now replaced by deter
minations of the ammonias, the latter, however, being usually 
recorded in terms of their mtrogen. Ammonia (NH3) contains 
fourteen-seventeenths of its weight of nitrogen. Each part of 

17 . ' 
nitrogen, therefore, is equivalent to ̂ ^ parts of ammonia. 
Ammonia is conveniently measured by the Nessler test, and 
many chemists were in the habit of converting all the nitrogen in 
its various forms into ammonia and recording it as organic ammonia, 
albuminoid ammonia, free or saline ammonia, mtrous ammonia or 
mtric ammonia, as the case might be. It is now more usual to 
speak of organic, albuminoid, ammoniacal, nitrous or nitric mtrogen. 

Chlorine. Chlorine is a constituent of common salt or sodium 
chloride (NaCl), which is always present in urine. It is, therefore, 
a valuable index to the quality of a water. WhUe, however, a 
high chlorine figure points to contamination with sewage, it affords 
no uiformation as to whether that contamination was recent or 
remote. Chlorine, moreover, is present in varying quantities even 
in unpolluted waters. Deep well waters, more particularly those 
from the N e w Red Sandstone, often contain a relatively high 
proportion of chlorine, as also does rain-water, especially near 
the coast. The chlorine content of a given water ought not to 
vary much, so any sudden increase which may take place in it 
should be regarded as a danger signal. 

Alkalinity and Acidity. Alkalinity in water is due to the presence 
of basic salts, such as those of soda and potash. A n excess of 
free Hme left after softening wUl also render a water alkaline. 
Acidity is caused by the humic and other organic acids which are 
produced by the decomposition of peat and other vegetable matter, 
or by free carbonic acid. The degree of alkaHnity or acidity of a 
water can be ascertained by " titration " with a standard solution 
having the opposite reaction. DUuted sulphuric acid is used for 
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measuring alkalinity and a solution of sodium carbonate for acidity. 
The standard solution is run from a graduated tube, or " burette," 
into a shaUow dish containing a measured quantity of the sample. 
A few drops of an " indicator," such as methyl-orange or phenol-
phthalein, are first added to the sample in order to show by a change 
of colour when the neutral point has been reached. 

The degree of alkaHnity or acidity of a water is frequently 
expressed in terms of its "hydrogen-ion concentration," or "pK 
value." A pK figure of 7-0 indicates that the liquid is neutral: 
values below 7-0 show acidity, and any above 7-0 alkaHnity. Ex
cessive alkalinity or acidity should be avoided. A water con
taining vegetable acids is said to cause diarrhoea, and it has a 
corrosive action on iron or lead pipes. 

Hardness. The term " hardness," as apphed to water, indicates 
the presence of salts of calcium or magnesium, derived from the 
rock formations through which it has passed. Chalk, which is 
the source of many of our underground suppHes, is an almost pure 
carbonate of calcium; ordinary limestone is mainly composed of 
the same material; dolomite, or magnesian limestone, contains 
nearly equal proportions of the carbonates of calcium and mag
nesium. These carbonates are all but insoluble in water, but the 
bicarbonates are comparatively soluble, and, inasmuch as all 
natural waters contain free carbonic acid, they dissolve out, as 
bicarbonates, a certain amount of the calcareous or magnesian rocks 
through which they pass. All limestone waters are therefore hard. 
In addition to the bicarbonates of calcium and magnesium, some 
waters contain the sulphates or chlorides of these imetals, which 
also contribute to their hardness. Hardness in a water, unless 
excessive, is not injurious to health. A moderate degree of hard
ness indeed renders the water more palatable, and lime is required 
for buUding up the bony framework of the body. 

Dr. G. Matthew Fyfe, Medical Officer of Health for St. Andrews, 
in a paper presented at the annual congress of the Royal Sanitary 
Association of Scotland held at St. Andrews in 1933, said : 
" From the health point of view there is little to choose between 

soft and hard water. In districts where soft water is consumed, 
children have been said to have a tendency to suffer from rickets 
owing to poor bone formation; on the other hand, hard water is 
considered to be associated with rheumatic and gouty complaints. 
The skin of some people is injuriously affected by hard water. The 
digestibiUty of food is probably lessened by cooking in hard water, 
but a moderately hard water, say, one of 10°, is perhaps the best 
for dietetic purposes." 

From an economic point of view, however, hardness is a serious 
disadvantage. Much of the water which is used for domestic and 
industrial purposes is boUed or converted into steam; and when 
a hard water is boiled the carbonic acid which holds the lime or 
magnesia in solution is driven off and the insoluble carbonate is 
deposited on the bottom of the kettle or the inside of the plates 
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of the boUer. The fur or scale thus formed is a non-conductor of 
heat, so that much more fuel is required to boU each gallon of 
water than would otherwise be necessary. Not only so, but the 
boiler plates, being unable to pass on freely to the water the heat 
which they receive from the furnace, may become dangerously 
hot. 
For cooking purposes also hardness is distinctly detrimental. 

The deposit of Hme salts which is formed upon the surfaces of 
meat and vegetables hardens their tissues and hinders the extrac
tion of their juices. Dr. Rideal quotes a statement to the effect 
that " ten ounces of tea made with soft water is as strong as eighteen 
ounces brewed with hard water." (" Water and its Purffication," 
Second Edition, p. 222.) 
The disadvantages of a hard water are particularly noticeable 

when the water is used for washing. According to Fyfe, the wash
ing of fabrics in hard water reduces their life by anything up to 
75 per cent. Soap is a compound of some fatty acid with soda 
or potash, the former forming a hard soap and the latter a soft 
one. Hard water decomposes soap, with the formation of an 
insoluble salt of Hme or magnesia in place of the soluble salt of 
soda or potash. The amount of soap thus wasted by every ten 
thousand gallons of hard water is estimated at nine or ten pounds 
for each degree of hardness. Glasgow, which brought in a supply 
of soft water from Loch Katrine in substitution for a harder water, 
is said to save £36,000 per annum in the matter of soap alone. 

Apart from the waste of soap which is occasioned by a hard 
water, the curd which results from the decomposition of the soap 
forms greasy deposits in sinks and drain-pipes, and often causes 
difficulties in the purffication of the sewage. 

Soap Test. The hardness of a water is measured by the amount 
of soap which it destroys. Clark's " soap test " consists in adding 
to a given quantity of the water to be tested successive small 
quantities of a solution of soap in alcohol. The sample is well 
shaken after each addition of the solution, and as soon as a lather 
is produced which remains unbroken for five minutes, the quantity 
of solution which has been used is noted, and the hardness calculated 
therefrom. 

A water having less than 6° of hardness is called soft, and one 
with more than 12° hard. Eight degress is usually considered best, 
but from 15° to 18° is not excessive. Some of the chalk water 
suppUed to London has 24° or 25° of hardness, while some domestic 
suppHes in this country have as much as 35°. 
The hardness of water is of two kinds, " temporary" and 

" permanent." " Temporary hardness " is due to the presence of 
bicarbonates of calcium and magnesium, and is so caUed because 
the carbonic acid which holds these salts in solution can be driven 
off by boUing, causing their precipitation as carbonates, which are 
insoluble. " Permanent hardness" is due to the sulphates or 
chlorides of these metals, and is not removable by boUing. " Total 
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hardness" is the sum of the temporary and the permanent 
hardnesses. 
Iron. All waters contain iron, but usually only very minute 

traces of it. Occasionally, however, iron is present in such quan
tities as to discolour Hnen, thus rendering the water unfit for laundry 
use. It also gives rise to serious trouble in the m a m s by encouraging 
the growth of " iron-bacteria," such as Cladothrix, Oallionella, 
Spirophyllum, and Leptothrix. These bacteria grow freely in water 
containing iron, forming long filaments which attach themselves 
to the inside of the pipes and gradually reduce their capacity. 
The iron is usuaUy present in the form of ferrous hydrate or ferrous 
bicarbonate, and is often associated with manganese, which is 
equaUy objectionable. 

Drainage from Coal Mines. The drainage from coal mmes nearly 
always contains sulphuric acid, which soon renders fresh-water 
streams unfit for domestic or industrial use. Nearly a hundred 
water companies in Pennsylvania, U.S.A., are seriously affected by 
mine wastes. 
BACTERIA IN WATER 

The danger from a polluted water does not arise from its chemical 
impurities, great though these may be, but from the possible 
presence of the germs of disease. N o chemical analysis, conse
quently, however good, can afford a positive guarantee of the 
wholesomeness of a water. The chemical analysis should therefore 
be supplemented by a bacteriological examination. 

Bacteria are among the lowest forms of vegetable life. They 
are far too small to be seen by the naked eye, and some of them 
are barely visible under the most powerful microscope. Twenty-
five thousand bacteria might be placed side by side within the 
length of an inch. They are variously known as " germs," 
"microbes," and "micro-organisms." 
Though they are universally present, their existence was not 

even suspected until late in the seventeenth century, and it is 
only within the last fifty years that much has been known about 
them. The modern science of bacteriology is based on the work 
of Pasteur. 
Bacteria consist essentiaUy of a dot of jelly-like protoplasm, 

surrounded by a membrane or wall. Some are spherical, others 
in the form of rods or threads, and others again spirals or cork
screws. According to their shape, they are classed as cocci, bacilli, 
bacteria proper, and spiriUa. Some are actively mobUe : others 
practicaUy stationary. 

They breed by splitting into two parts, each of which quickly 
grows into a complete bacterium. This process may take place 
once in every half an hour, at which rate a single organism would 
give rise to some 280 mUHons of mUHons in the course of twenty-
four hours. Some bacteria are hardy, and wUl Hve under suitable 
conditions for months or years; others can only with difficulty be 

I-
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kept ahve twenty-four hours. Some bacteria produce " spores," 
which can live without food or water for years and resist adverse 
conditions which would kUl the parent bacterium, and eventually 
grow into bacteria themselves. 

Aerobic bacteria require oxygen ; anaerobes will only grow in its 
absence ; facultative anaerobes can thrive either with or without it. 
Saprophytic organisms live upon dead organic matter, and are the 
chief agencies in promoting decomposition. Parasitic bacteria, on 
the other hand, feed upon Hving tissues. 

The vast majority of bacteria are harmless, or even useful. In 
the digestion of food, in brewing and tanning, in the making of 
cheese and butter and the purification of sewage, they play an 
important part. Some, however, known as " pathogenic bacteria," 
or briefly as " pathogens," are the carriers of disease'. Cholera, 
typhoid (or enteric) fever, and dysentery are among the diseases 
which are conveyed by germs. 

Bacteria brmg about changes, often very far-reaching, in the 
substances on which they feed; and they are kiUed by their own 
excretions. All bacteria have their " optimum " temperature at 
which they grow best—pathogens, for instance, thrive at the 
temperatures of the bodies of their hosts—^in the case of man, at 
98-4° F. Most organisms are kUled by prolonged exposure to a 
temperature of 140° F., but a few can live at much higher tem
peratures. Freezing inhibits the growth of bacteria, but does not 
kill them, even if continued for long periods. 

Bacteria are much too small to be distinguished by sight, and 
many ingenious methods have been devised for their identffication. 
They are grown on " cultures " of gelatine or agar-agar or other 
nutrient material. Some will grow in one medium and some m 
another, forming colonies the size and shape of which vary with 
different organisms. Some bacteria impart a characteristic colour 
to the medium ; others have to be stained in order to render them 
visible. Some Hquefy gelatine, others produce bubbles of gas. 
B y noting their behaviour under cultivation, the bacteria present 
in a sample of water may be classffied in groups, and by applying 
a number of tests in succession, the actual species can be determined. 

A U n̂ /tural waters contain bacteria, in greater or lesser numbers, 
according to the amount of nutriment present. A very pure 
water from a deep boring m a y contain as few as twenty organisms 
per cubic centimetre,* and a river flowing through cultivated land 
several hundreds or even thousands. The total number of bacteria 
present in a water is, however, of little signfficance, for the vast 
majority of them are perfectly harmless. Separate counts are 
accordingly made of the orgamsms which grow at body-temperature, 
and of the typical intestinal organism. Bacillus coli. BaciUus coH 
itself is usually a harmless organism, but it is liable to be accom
panied by the germs of disease, and m a y therefore be regarded as 
a danger signal. Unless a water is grossly polluted, the number 

*' A cubic centunetre is about a small thimbleful. 
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of coli present will be very small. Instead, therefore, of stating 
the number of organisms per cubic centimetre, it is usual to report 
the number of cubic centimetres in which B. coli is present or 
absent. Thus, out of a hundred samples of Thames water taken 
at Hampton in 1911, 36-9 contained bacillus ooH in 1 c.c. and 11-6 
in 10 c.c. but not in 1 c.c. 

The Ministry of Health issued in 1934 a booklet on " The 
Bacteriological Examination of Water SuppHes." Sir George 
Newman, the Chief Medical Officer, in a prefatory note to the 
report, observes that " in PubHc Health bacteriology of recent 
years in England there has been insufficient uniformity in the 
technique employed by different workers in the examination of 
water suppHes, and, in consequence, neither the actual data obtained 
nor their hygienic interpretations have been comparable." 

The report has been prepared with the following objects. 

" (I) To provide a description of technique the adoption of which 
wiU ensure siifhcient uniformity in the practice of bacteriological 
examination of water to permit of comparison of the results obtained 
in different laboratories. 
" (2) To explain to Sanitary Inspectors and others the precautions 

necessary in obtaining and transmitting samples to the laboratory. 
" (3) To assist in assessing the results of bacteriological examination 

in terms of hygienic quality." 
Appendix A to the report, after describing the precautions to be 
observed in collecting samples, gives a Hst of points on which par
ticulars should be supplied to the Analyst. 

Plankton. In addition to bacteria, water contains an immense 
number and variety of higher orgamsms, which are classified under 
the name of " plankton." Some of these (" phytoplankton") 
belong to the vegetable world; and others (" zooplankton ") to the 
ammal kingdom, whUe others again share the characteristics of 
both. 

Among the commoner vegetable organisms are the diatoms, 
schizomycetes, algae, fungi, and higher plants. The animals 
include the protozoa, rotifera, Crustacea, polyzoa, spongidse, and 
various higher forms. They can easUy be studied under the 
microscope, and some of them can be seen by the naked eye. They 
feed on the dissolved organic and inorganic matter present in 
water, on bacteria and on one another, and in their turn they 
serve as food for fish. 

They play a very important part in the purffication of sewage 
and other polluted waters, and they furnish a useful guide to the 
purity or otherwise of a stream. O n the other hand, decaying 
algse and other vegetable growths often impart a very unpleasant 
taste to water. 

Standards. Since no water is absolutely pure, it is convenient 
to lay down " standards " of the permissible amount of impurity. 
Such standards can only be regarded as provisional, and will vary 
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from one source to another, for the significance of a given amount 
of albuminoid ammonia, for instance, will depend on the quantity 
normally present in the water. 

The late Sir Alexander Houston, Director of Water Examination 
to the Metropolitan Water Board, laid down the following working 
standards for river water in the London area :— 

" Chemical (parts per 100,000). 
Oxygen absorbed from per- 'I , ,, ( 0-1 in 4 hours. 

manganate at 80° F. / ̂ '̂̂^ ̂ "^^ \ 0-038 in 5 mins. 
Albuminoid nitrogen, less than 0-01. 
Ammoniacal nitrogen, less than 0-001. 
Colour, less than 20 m m . brown in a 2-foot tube." 

" Bacteriological. 
Less than 20 microbes per c.c. (Gelatine at 20-22° C, counted on 

third day). 
Less than 6 microbes per c.c. (Agar at 37° C, counted after 24 

hours.) 
Less than 0-5 microbes per c.c. (Bile-Salt Agar at 37° C, counted 

after 24 hours). 
" Speaking generally, these standards may be considerably relaxed 

if the B. coli results are favourable. In striking the gelatine and 
agar averages, it is customary in the case of the London waters to 
exclude samples containing 100 or more microbes per c.c. 
" Less than one-half the samples should contain typical B. coli 

(lactose +. indol + ) in 100 c.c." (" Studies in Water Supply," pp. 
191, 192). 

Sampling. Samples of water for analysis should be taken with 
the greatest care. If the water is drawn from a tap, the tap should 
first be cleaned and the water should be allowed to run for some 
time. In taking a sample from a river, the bottle should be sub
merged before the stopper is withdrawn, so as to exclude any float
ing soHds. Samples for chemical analysis should be taken in the 
stoppered glass bottles known as " Wmchester quarts " (actuaUy 
containing about half a gallon), which should first be thoroughly 
cleaned and rinsed with strong sulphuric acid. Before taking the 
actual sample, the bottle should be filled with the water, stoppered, 
and well rinsed. W h e n the sample is taken, a small space for 
air should be left under the stopper. 

For bacteriological examination smaUer samples will suffice. 
Two-ounce bottles are commonly used, but Houston preferred six 
ounces. The bottles should be sterUised, and the sample, when 
taken, should be immediately sealed, labelled, and packed in ice. 
All samples should be sent at once to the laboratory, due notice 
being previously given in order that they m a y be dealt with without 
delay. 

The source of the sample should always be stated. In some 
cases all information concerning it is purposely withheld, in order 
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that the analyst may be compeUed to base his report exclusively 
upon the results of his analysis. This is a great mistake, for the 
signfficance of the anal3rtical figures depends in great measure on 
the circumstances, and unless the analyst has all the information 
which is available, he is often unable to interpret his results 
correctly. 



CHAPTER VIII 

HYDRAULICS AND HYDROSTATICS 

HYDRAULICS is the science of water in motion and hydrostatics 
that of water at rest. This distinction is often lost sight of. The 
impact of water on the blades of a turbine or the crash of a wave 
on the face of a cliff are instances of hydraulic pressure. The 
pressure of still water against the face of a dam or the inside of a 
pipe is hydrostatic pressure. 

The laws of hydrostatics are few and simple. Those of hydrauUcs 
are many and complex, and have engaged the attention of a long 
line of experimenters from Torricelli and Mariotte to the present 
day. 

Weight and Pressure of Water. The weight of a cubic foot of 
fresh water at a temperature of 39-1° F. (the point of greatest 
density) is 62-425 lb., and at 60° 62-36 lb.; and a gallon of 
water at 60° weighs 10 lb. It facilitates calculation, and is near 
enough for practical purposes to take the weight of fresh water 
as 62-5 lb. per cubic foot, and the number of gallons per cubic 
foot as 6J. A cubic foot of average sea-water at 60° F. weighs 
641b. 

Table II gives the pressure in pounds per square inch due to a 
given head of fresh water at 60° F., and Table III the head in feet 
corresponding to a given pressure. 
TABLE II. 

Pressure of Water. 

Head 

(ft.). 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

Pressure : lb. per sq. in. 

0. 

4-34 
8-67 
18-01 
17-34 
21-68 
26-01 
30-35 
34-68 
39-02 

1. 

0-43 
4-77 
9-10 
13-44 
17-77 
22-11 
26-44 
30-78 
35-11 
39-45 

2. 

0-87 
5-20 
9-54 
13-87 
18-21 
22-64 
26-88 
31-21 
35-65 
39-88 

3. 

1-30 
5-64 
9-97 

14-81 
18-,64 
22-98 
27-31 
81-65 
36-98 
40-32 

4. 

1-73 
6-07 
10-40 
14-74 
19-07 
23-41 
27-74 
3208 
36-42 
40-76 

5. 

2-17 
6-50 

10-84 
16-17 
19-51 
23-84 
28-18 
32-61 
36-85 
41-18 

6. 

2-60 
6-94 

11-27 
15-61 
19-94 
24-28 
28-61 
82-95 
37-28 
41-62 

7. 

3-03 
7-87 

11-71 
16-04 
20-38 
24-71 
29-05 
33-38 
37-72 
42-05 

8. 

3-47 
7-80 
12-14 
16-47 
20-81 
25-14 
29-48 
33-81 
38-15 
42-48 

9. 

3-90 
8-24 
12-57 
16-91 
21-24 
25-58 
29-91 
34-25 
38-68 
42-92 

70 
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TABLE III. 

Head of Water due to Pressure. 

71 

Press. 
lb. per 
sq.m. 

0 
10 
20 
80 
40 
50 
60 
70 
80 
90 

0. 

23-07 
46-14 
69-21 
92-28 
115-35 
138-42 
161-49 
184-56 
207-63 

1. 

2-31 
25-38 
48-45 
71-52 
94-59 
117-66 
140-73 
163-80 
186-87 
209-94 

2. 

4-61 
27-68 
50-75 
73-82 
96-89 
119-96 
143-03 
166-10 
189-17 
212-24 

Head in feet 

3. 

6-92 
29-99 
53-06 
76-13 
99-20 

122-27 
145-34 
168-41 
191-48 
214-65 

1 
4. I 5. 

9-23 
82-30 
55-37 
78-44 
101-51 
124-68 
147-65 
170-72 
193-79 
216-86 

11-54 
84-61 
57-68 
80-75 
103-82 
126-89 
149-96 
178-03 
196-10 
219-17 

6. 

13-84 
36-91 
59-98 
83-05 
106-12 
129-29 
152-26 
176-83 
198-40 
221-47 

7. 

1616 
39-22 
62-29 
86-36 
108-43 
131-50 
154-57 
177-64 
200-71 
223-78 

8. 

18-46 
41-58 
64-60 
87-87 
110-74 
133-81 
156-88 
179-95 
203-02 
22609 

9. 

20-76 
43-88 
66-90 
89-97 
113-04 
13611 
169-18 
182-25 

228-39 

Any exposed water surface is subject to the pressure of the 
atmosphere, which varies according to the state of the barometer, 
but m a y be taken for ordmary purposes as 14-7 lb. per square mch. 
If the foot of a tube exhausted of air is immersed in a Hquid, the 
latter wUl rise in it to a height corresponding to the pressure of the 
atmosphere at the moment. With an atmospheric pressure of 
14-7 lb. per square inch the mercury will rise in a barometer to a 
height of 30 inches. If, instead of mercury, the specffic gravity 
of which is 13-6, the barometer is fiUed with water, the water will 
rise in it to a height of 30 inches X 13-6 = 34 feet. It is the 
pressure of the atmosphere which enables a pump to draw water 
from a source many feet below its own level. 
MBASUEEMENT OE WATEB 

There are many ways of gauging a flow of water. The simplest 
method, where circumstances admit of its use, is to allow the water 
to flow mto a vessel of known capacity, a cup, a paU or a tank as 
the case may be, and note how long the vessel takes to fill. 

Water flowing in a channel, the cross-section of which is umform, 
may be gauged by measuring the width and depth of the channel 
and the velocity of the flow. Since water moves more freely at 
the surface and m the centre of a stream than at the bottom and 
sides where it is retarded by the friction of the bed, the average 
velocity is always less than that at the surface. In a wide stream 
of uniform cross-section the maximum velocity is usually about 
10 per cent, more than the mean velocity, and the latter is met with 
at about three-fifths of the depth below the surface. 

If the water can be dammed up to a sufficient height, it may 
, be gauged by causing it to flow through an orffice or a notch cut 
m a thin vertical plate. j -̂  i -+ 

Water flows in obedience to the laws of gravity, and its velocity 
depends on these laws. A body falling freely for one second 
attams a velocity of 32-2 feet per second, which is expressed by 
the symbol " g." The velocity acquired by a body falling through a 
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given height is always as the square root of the height, and can be 
arrived at by the formula v = -s/Zgh, in which v is the velocity in 
feet per second, g = 32-2, and h is the height in feet. 

Orifices. W h e n water issues freely from an orffice it does so at 
the same velocity as a solid body would acquire in falling through a 
height equal to the depth of water over the centre of the orffice. 
Since the water approaches the orffice in all directions, and not 
in parallel Hnes, it does not issue from it as a cylindrical stream, but 
contracts as it emerges. The form which the jet assumes is known 
as the " vena contracta." The theoretical velocity due to the head 
is attained only where the cross-sectional area of the jet is least, 
the area at this point being about 3/5 that of the orifice. The 
velocity at the orifice itself is therefore about 3/5 of that due to 
the head, or 0-6-\/2gh. This formula m a y also be used in the case 
of a sluice, but, where the diameter of the orffice or the height of 
the opening of the sluice is considerable as compared with the head, 
the coefficient 0-6 m a y have to be varied. 

Table IV shows the velocity at which water flows through an 
orffice under different heads and the quantities discharged by 
orffices of various diameters. 

If the orffice or sluice is submerged on both sides, the head to 
which the velocity is due is not the actual depth of water above 
the openmg, but the difference in the levels of the water above and 
below it. 

The formula applies only to openings m a thin plate, and for 
tubes and orffices in thick plates different coefficients must be 
used. 

Miners' Inch. In the western part of the United States water 
is commonly measured by the " Miners' inch," which is the flow 
through an orffice, one square inch in area, in a vertical plane 
under a given head. This head varies in different locahties. In 
Cahfornia and elsewhere it is 6J inches (6 inches above the top 
of the orffice), and in California the " standard miners' inch " is 
defined by statute as one and one-half cubic feet of water per minute. 

Notches. While orifices are very useful in certain cases, flowing 
water is usually gauged by means of a rectangular or triangular 
notch cut in a thin plate. The law which governs the flow of 
water through a notch is the same as in the case of an orifice, but 
whereas the area of flow through an orffice is always the same, and 
it is only the velocity which varies, the area and velocity are both 
subject to change in the case of a notch, and a different formula 
must therefore be employed. 

If 1 is the effective width of a rectangular notch, H the head, 
C a coefficient and Q the discharge in cubic feet per second, 

Q = |GV2^IVIF 
1, as stated, is the effective width of the notch, which, unless the 



TABLE IV. 
Flow of Water through Circular Orifices. 

(Cubic feet per minute) 

Diam. 
(ins.). 

i 
i 
i 
1 
-| 
f 
1 

14 
li 
If 
14 

If 
If 
l| 
2 

2i 
2i 
2| 
3 

3-i 
3i 
3J 
4 

4i 
4i 
4i 
5 

5i 
54 
5| 
6 

6* 
7 
7J 
8" 

8i 
9 
9-J 

10' 

lOJ 
11 
in 
12 

1 

1-432 

0-030 
0-066 
0-118 

0-183 
0-264 
0-359 
0-470 

0-593 
0-733 
0-888 
1-055 

1-237 
1-435 
1-647 
1-88 

2-37 
2-93 
3-55 
4-22 

4-95 
6-74 
6-59 
7-50 

8-46 
9-49 

10-57 
11-72 

12-92 
14-18 
15-49 
.16-87 

19-80 
22-96 
26-35 
29-99 

33-85 
37-95 
42-29 
46-86 

51-66 
56-70 
61-97 
67-48 

3 

2-48 

0-051 
0-114 
0-204 

0-317 
0-457 
0-621 
0-813 

1-028 
1-268 
1-535 
1-828 

2-143 
2-483 
2-853 
3-25 

4-11 
5-07 
6-14 
7-31 

8-57 
9-93 
11-41 
12-98 

14-66 
16-44 
18-31 
20-29 

22-37 
24-55 
26-84 
29-22 

34-28 
39-73 
45-64 
61-93 

58-63 
66-74 
73-24 
81-16 

89-47 
98-20 
107-33 
116-87 

6 

Head in 

1 ^ 
Velocity : ft 

3-507 

Flow: 

0-072 
0-162 
0-287 

0-448 
0-646 
0-888 
1-147 

1-452 
1-792 
2-170 
2-582 

3-030 
3-513 
4-035 
4-69 

5-81 
7-17 
8-68 

10-33 

12-12 
14-05 
16-14 
18-36 

20-73 
23-24 
25-89 
28-69 

31-64 
34-72 
37-95 
41-32 

48-61 
56-18 
64-66 
73-44 

82-93 
92-94 
103-67 
114-76 

126-55 
138-86 
151-78 
165-26 

4-295 

inches, 

12 15 

. per second. 

4-96 5-545 

cu. ft. per minute. 

0-088 
0-197 
0-351 

0-549 
0-791 
1-076 
1-405 

1-780 
2-197 
2-657 
3-162 

3-710 
4-305 
4-940 
6-62 

7-12 
8-79 
10-63 
12-65 

14-84 
17-22 
19-76 
22-49 

25-38 
28-46 
31-71 
35-14 

38-74 
42-62 
46-47 
50-60 

59-37 
68-86 
79-04 
89-94 

101-53 
113-83 
126-84 
140-55 

164-96 
170-07 
185-88 
202-40 

0-102 
0-228 
0-406 

0-634 
0-913 
1-245 
1-622 

2-055 
2-537 
3-070 
3-652 

4-285 
4-970 
5-705 
6-49 

8-22 
10-15 
12-28 
14-61 

17-14 
19-88 
22-82 
25-97 

29-31 
32-86 
36-62 
40-58 

44-74 
49-10 
53-67 
58-44 

68-57 
79-52 
91-27 
103-86 

117-26 
131-45 
146-48 
162-31 

178-95 
196-39 
214-66 
233-74 

0-114 
0-256 
0-454 

0-709 
1-021 
1-389 
1-815 

2-297 
2-835 
3-430 
4-082 

4-790 
5-555 
6-377 
7-26 

9-19 
11-34 
13-72 
16-33 

19-16 
22-22 
25-51 
29-03 

32-77 
36-74 
40-94 
45-36 

50-01 
54-89 
60-00 
65-33 

76-65 
88-90 
102-04 ; 
116-11 

131-08 
146-95 
163-75 
181-45 

200-05 
219-65 
239-98 
261-30 

18 

6-075 

0-125 
0-279 
0-498 

0-777 
1-118 
1-522 
1-990 

2-515 
3-107 
3-757 
4-472 

5-250 
6-090 
6-99 
7-96 

10-06 
12-43 
15-03 
17-89 

21-00 
24-35 
27-95 
31-83 

35-93 
40-25 
44-85 
49-70 

54-79 
60-13 
65-73 
71-57 

83-98 
97-39 
111-80 
127-21 

143-61 
161-00 
179-41 
198-80 

219-17 
240-53 
262-91 
286-28 

24 

7-01 

0-144 
0-323 
0-574 

0-896 
1-292 
1-767 
2-295 

2-905 
3-587 
4-340 
6-170 

6-060 
7-030 
8-07 
9-18 

11-62 
14-35 
17-36 
20-66 

24-24 
28-12 
32-27 
36-72 

41-46 
46-47 
61-79 
57-38 

63-26 
69-43 
75-89 
82-63 

96-96 
112-49 
129-07 
146-87 

166-81 
185-89 
207-14 
229-53 

263-05 
277-71 
303-55 
330-53 

73 
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latter is as wide as the channel in which it is placed, is always less 
than its total width. This difference is due to the narrowing of 
the stream by the end contractions produced by the converging 

flow to the notch. (See Fig. 1.) 
fj t f\ Each contraction is usuaUy 

regarded as reducing the effec
tive width of a notch by one-
tenth of the head. If L is 
the total width and there is 
a contraction at each end, the 
effective width, 1, will there-

rs 
fore be L — •=-. Substitutmg 

I/W////W/J!^ 

I I 1 1 1 , I n n 
I llliiiMli 

FIG. 1.—RBCTANGUIAE NOTCH. 

this value for 1 and taking that of C as 0-6075, the formula becomes 

Q = 3-25(L 

The statement that each end contraction reduces the effective 
width of the notch by one-tenth of the head is obviously true only 
within certain limits, for if the depth of flow were more than flve 

TABLE V. 

Plow of Water through Rectangular Notches. 

(Cubic feet per minute per foot of width.) 

Head 
in 

inches. 

•i 
i 
•i 
i 
• f r 

i 
i 
i 
* 
f 
* 
i 
tt 
1 
\i 

1 
1* 
li 
1-Sr 

n 1* 
IS 
lA 
u 1* 
ij 
ift 
li 
l-S 
IJ 
lU 
2 

Cu. ft. 
per 
min. 

0073 
0-207 
0-381 
0-586 
0-819 
108 
1-36 
1-66 
1-98 
2-82 
2-67 
3-05 
3-43 
3-84 
4-26 
4-69 
514 
6-60 
6-07 
6-56 
7-05 
7-66 
8-08 
8-62 
9-16 
9-72 
10-8 
10-9 
11-4 
12-0 
12-6 
13-3 

Head 
In 

inches. 

2-ilr 
2i 
2A 
2i 
2-i 
21 
2 * 
2i 
2 * 

n 2ft 
2f 
2# 
2J 
2tt 
3 
3* 
3i 
3ft 
3i 
8-fir 
31 
3,V 
3i 
3* 
3i 
3-it 
3i 
3il 
3J 
3U 
4 

Cu. ft. 
per 
min. 

13-9 
14-6 
15-2 
15-8 
16-6 
17-2 
17-8 
18-5 
19-2 
19-9 
20-7 
21-4 
22-1 
22-9 
23-6 
24-4 
25-1 
25-9 
26-7 
27-5 
28-3 
29-1 
29-9 
30-7 
31-6 
32-4 
33-2 
84-1 
34-9 
35-8 
36-6 
37-5 

Head 
in 

inches. 

4A 
4i 
4* 
4i 
4-fr 
4* 
4-* 
4i 
4* 
4f 
4ft 
4i 
4ft 
4i 
4 ft 
6 
5* 
5i 
5ft 
6i 
5* 
5i 
5ft 
5i 
5ft 
61 
6ft 
6i 
5ft 
5J 
5ft 
8 

Cu. ft. 
per 
min. 

38-4 
39-3 
40-2 
41-1 
42-0 
42-9 
43-8 
44-8 
45-7 
46-7 
47-6 
48-6 
49-5 
«0-5 
61-5 
52-4 
53-4 
54-4 
66-4 
56-4 
57-4 
58-5 
69-6 
60-5 
61-5 
62-6 
68-6 
64-7 
66-7 
66-8 
67-9 
68-9 

Head 
in 

inches. 

6ft 
6i 
6* 
6i 
6ft 
61 
6ft 
6i 
6* 
6i 
6ft 
6J-
6ft 
6f 
6ft 
7 
7ft 
7i 
7ft 

n 7ft 
7i 
7ft 
U 
74 
7t 
7ft 
7i 
7ft 
71 
7ft 
8 

Cu. ft. 
per 
min. 

70-0 
71-1 
72-2 
73-3 
74-4 
75-5 
76-6 
77-7 
78-9 
80-0 
811 
82-3 
83-4 
84-6 
85-7 
86-9 
88-0 
89-2 
90-4 
91-6 
92-8 
93-9 
95-1 
96-3 
97-6 
98-8 
100 
101 
102 
104 
105 
106 

Head 
in 

inches. 

8ft 
8i 
8ft 
8i 
8ft 
8i 
8ft 
8i 
8ft 
8t 
8ft 
8i 
8» 
8i 
8ft 
9 
9ft 
91 
9ft 
9i 
9ft 
9S 
9ft 
9i 
9ft 
9S 
9ft 
9̂  
9 ft 

H 9tt 
10 

Cu. ft. 
per 

min. 

107 
109 
110 
111 
112 
114 
115 
116 
117 
119 
120 
121 
123 
124 
126 
127 
128 
129 
131 
132 
133 
135 
136 
137 
139 
140 
141 
143 
144 
146 
147 
148 

Head 
in 

inches. 

10 ft 
lOi 
10 ft 
lOi 
10 ft 
lOJ 
10 ft 
lOi 
10 ft 
101 
10 ft 
lOi 
10 ft 
lOf 
10 ft 
11 
lift 
llj 
lift 
Hi 
lift 
i« 
lift 

lull* 
iij 
lift 
11} 
lift 
lli 
lift 
12 

Cu.ft. 
per 
min. 

150 
151 
152 
154 
155 
157 
158 
160 
161 
162 
164 
165 
167 
168 
170 
171 
173 
174 
175 
177 
178 
180 
181 
183 
184 
186 
187 
189 
190 
192 
193 
195 
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times the width, the effective width (L ^^ would be a negative 

quantity, and the flow consequently less than nothing. With a 
very long weir the correction for end contractions is often omitted, 
and this is sometimes done even in the case of short weirs. Table V 
shows the discharge from each foot in width of a rectangular notch 
for each J^ of an inch in depth up to 12 inches. 

The stream of water flowing through a notch is often called the 
" nappe." 
In order to obtain correct gaugings, the following precautions 

must be observed :— 
(1) The water above the notch must be still, or if it approaches 

the notch with a perceptible velocity that velocity must be taken 
into account. 

(2) The head must be measured from the surface of the still 
water above the notch, not in the notch itself, for the surface of 
the water curves downward as it nears the notch. A stake is 
usually driven in the still water above the notch, level with its sill, 

FIG. 2.—GAUGE AND LEVEL-STAKE. 

and at a distance from the notch not less than three times the 
greatest depth of the water in it. The depth of the water is 
measured on the stake. (See Fig. 2.) 

(3) The plate in which the notch is cut must be thin, or if it is 
cut in a board its edges must be bevelled so that the nappe does 
not come into contact with them. The formula for a notch is not 
appUcable to a weir with a wide crest. 

(4) There must be a free fall from the sill of the notch to the 
level of the water below : some authorities insist on a drop of 
several inches. If for any reason the sill is below the water level 
on the downstream side, the formula must be varied accordingly. 
D u Buat gives the following :— 

Q = 041L^»t + ^^)V2g(7i - h^), 

where h is the height of the water upstream, and h^ that of the water 
downstream, taken above the sUl in each case. 

(5) There must be a free access for air to the under-side of the 
nappe, or the latter will cHng to the downstream face of the weir, 
increasing the velocity of the flow. The error due to this cause 
may be as great as 28 per cent. 
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The surface of an ordinary rule is usually more or less greasy, 
so water does not adhere to it; but the water-Hne shows clearly 
on the bark of a twig. Water cHmbs by capUlarity up any surface 
with which it may be in contact, showing an apparent depth of 
immersion which is slightly greater than the true depth. Where 
therefore great accuracy is required, the head on the sill of the 
notch is measured with a hook gauge, the point of which shows 
unmistakably the moment it is brought up to the surface of the 
water. A hook gauge fitted -ndth a micrometer screw or a vernier 
wUl measure the depth of the water within a thousandth of a 
foot. 

A rectangular notch is not well adapted for measuring widely 
varying quantities, for if it is long enough to allow the largest flows 
to pass over it with a reasonable depth, the depths with the least 
flows may be so small as to be hardly measurable. In such cases 
J. J. Thomson's V-notch [Fig. 3] wUl give better results. The 
great merit of the V-notch is that the cross-section of the stream is 
always absolutely similar, no matter how great or how small the 

flow. The same formula may there
fore be used in all cases without 
correction. 

The notch is usually right-angled. 
The formula for such a notch is 

__ _______ Q = 2-535 VIP7 
FIG. 3.—RIGHT-ANGLED V- Q' a,s before, bemg the quantity m 

NOTCH. cubic feet per second, and H the 
depth of flow in feet. Table VI shows 

the quantity discharged by a right-angled V-notch with depths of 
flow ranging up to one foot. 

To ensure accurate readings, the same precautions must be 
taken as are necessary with a rectangular notch. Where the 
quantity is small, a right-angled notch gives exceedingly accurate 
readings, but with large flows a considerable variation in the 
quantity produces only a comparatively slight difference in the 
depth. With the object of getting more accurate readmgs the angle 
of the V is sometimes made less than 90°. Where, on the other 
hand, a V-notch is employed to gauge a river, the depth of flow 
in a right-angled notch might be so great as to head up the water 
to an undesirable extent. In such cases therefore a flattened V 
is often used. 

Unlike any form of notch, the accuracy of which is greatest when 
the quantity is least, and falls off rapidly with large flows, an .orffice 
is comparatively insensitive with small flows, but becomes more 
and more accurate as the quantity passing through it increases. It 
is therefore pecuHarly useful for recording the sHght variations 
which take place in a large flow. The flow through the Birmmgham 
Aqueduct is measured by a 36-inch orffice placed at the head of 
the 60-inch pipe in the Romsley siphon. As the result of a large 
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number of recent observations, the value of the coefficient was found 
to be 0-604. 

TABLE VI. 

Flow of Water through Bight-angled y-Notches. 

(Cu. ft. and gallons per minute.) 

Depth 
(ins.). 

1 
4 A 
f 
A 
i 
* 
1-
% 
i 
1 
* 

1 
1* 
1* 
1* 
li 
1 * 
If 
1* 
1* 
1^ 
1* 
ift 
li 
in 
li 
1* 
2 
2 i 
2J 
2 * 
2i 
2 * 
2f 

A 2i 
2 * 
2| 

C.F.M. 

0-010 
0-017 
0-026 
0-038 
0-054 
0-072 
0-094 
0-119 
0-148 
0-181 
0-218 
0-259 
0-305 
0-354 
0-409 
0-468 
0-633 
0-600 
0-676 
0-765 
0-840 
0-929 
1-03 
1-13 
1-23 
1-35 
1-47 
1-69 
1-73 
1-87 
2-01 
2-16 
2-32 
2-49 
2-66 
2-83 
3-01 
3-21 
3-41 

G.M. 

0-059 
0-104 
0-164 
0-241 
0-338 
0-452 
0-588 
0-745 
0-925 
1-13 
1-36 
1-62 
1-91 
2-21 
2-56 
2:93 
3-33 
3-75 
4-23 
4-72 
5-25 
5-81 
6-42 
7-04 
7-69 
8-42 
9-19 
9-95 
10-8 
11-7 
12-6 
13-5 
14-5 
15-6 
16-6 
17-7 
18-8 
20-1 
21-3 

Depth 
(ins.). 

2ft 
2f 
2« 
2J 
2̂1 
3 
3 * 
3i 
3 ^ 
3i 
3 ^ 
3f 
3 * 
3i 
3 * 
3f 
3ft 
31 
3il 
3J 
311 
4 
4 * 
4i 
4 * 
4i 
4 * 
4i 
4 * 
4i 
4 ^ 
4f 
4ft 
4f 
4® 

4 4it 
6 
5-i 

C.F.M. 

3-61 
3 
4 
4 
4 
4 
5 
6 
5 
5 
6 
6 
6 
6 
7 
7 
7 
8 
8 
9 
9 
9 
10 
10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
14 
15 
16 
16 
17 
18 

82 
04 
27 
61 
75 
01 
27 
54 
81 
09 
38 
68 
99 
31 
63 
96 
30 
66 
02 
39 
76 
15 
64 
94 
35 
78 
21 
65 
10 
66 
03 
51 
99 
49 
00 
62 
06 
13 

G.M. 

22-6 
23-9 
26-3 
26-7 
28-2 
29-7 
31-3 
32-9 
34-6 
36-3 
38-1 
39-9 
41-8 
43-7 
45-7 
47-7 
49-6 
61-9 
64-1 
56-4 
58-7 
61-0 
63-4 
65-9 
68-4 
70-9 
73-6 
76-3 
79-1 
81-9 
84-8 
87-7 
90-7 
93-7 
96-8 
100-0 
103-3 
106-6 
113-3 

Depth 
(ins.). 

5i 
5i-
6i 
5| 
6| 
5| 
6 

H 
6-1 
6f 
H 
6| 
6| 
^ 
7 
7i 
7i 
7| 

U 
n 7i 
VJ 
8 
81 
H 
8f 
9 
9i 
9* 
9f 
10 
lOi 
io| 
lOf 
11 
Hi 
IH 
llf 
12 

C.F.M. 

19-26 
20-43 
21-64 
22-89 
24-18 
25-52 
26-89 
28-33 
29-79 
31-29 
32-85 
34-46 
30-10 
37-80 
39-54 
41-33 
43-17 
45-05 
46-98 
48-97 
51-00 
53-1 
55-2 
59-6 
64-2 
69-1 
74-1 
79-3 
84-8 
90-5 
96-4 
102-5 
109-0 
115-6 
122-4 
129-4 . 
136-8 
144-3 
162-1 

G.M. 

120-4 
127-7 
135-3 
143-1 
151-1 
159-5 
168-1 
177-1 
186-2 
195-6 
205-4 
215-4 
225-6 
236-3 
247-1 
258-3 
269-8 
281-6 
293-6 
306-1 
318-8 
331-9 
345-0 
372-5 
401-3 
431-9 
463 
496 
530 
566 
603 
641 
681 
722 
765 
809 
855 
902 
950 

The depth 'of flow through a notch or an orffice may either be 
measured by hand or recorded by means of a float and suitable 
mechanism on a diagram moved by clockwork. By the addition 
of an integrating device the total quantity which has passed through 
the gauge may be read on a counter at any moment. It is also 
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possible, by means of an electric circuit, to transmit the readings 
to a distance. 

Pitot Tube, If the foot of an L-shaped tube is placed in a current 
of water with its horizontal arm facing upstream, the water will 
rise in the vertical arm to a height above that outside equal to the 
head required to produce the velocity of the flow. B y measuring 
this height the velocity may therefore be arrived at. B y raismg 
or lowering the tube or shifting it across the stream and again 
observing the height, the distribution of velocity over the whole 

cross-section of the stream may be ascertained. The 
height of the water in the tube will be slightly m-
creased by the rise due to capillarity, but the effect 
of this may be ehminated by the use of the improved 
appliance designed by Darcy, which is shown in 
Fig. 4. This apparatus consists of two tubes, placed 
back to back, so that one faces upstream and the 
other downstream. The tops of the two tubes are 
connected mto one, in which a cock is placed. The 

V̂Ĵ  lower ends of the vertical tubes are also fitted with 
ffl cocks, both on the same spindle. W h e n the ap-

' •^ • paratus is placed in the water all three cocks are 
FIG. 4. open, so that the water rises in the one tube and is 

D A R ( ^ S PITOT depressed in the other to the same extent. The 

cooks are then closed and the tubes Hfted out of 
the stream, when the difference in the levels of the water in them 
can be measured very accurately. 

The velocity of flow in any part of a channel can also be ascertained 
by means of a current meter. 

Chemical Measurement. Yet another mode of ascertaining the 
volume of water fiowing in a stream is by adding to it a known 
quantity of salt and, after sufficient time has elapsed to allow 
the salt to become uniformly dissolved, determining the amount 
of chlorme in the water. Sulphuric acid m a y also be used 
for the purpose. Stromeyer states that by this means the volume 
of the largest rivers may be gauged within 1 per cent. 
WATER METERS 

The foregoing methods are mostly used for gauging the flow of 
water in open channels. For the purpose of measuring the flow 
through a pipe some form of meter is employed. 
UnHke the appHances already described, which, with the exception 

of the current meter, have no moving parts other than those which 
are used to obtain a continuous record of the flow, a water meter 
is usually a machine driven by the water. Every such meter 
absorbs a certain amount of head, ranging up to 10 lb. per square 
inch with large flows. 

In the Kennedy meter a piston moves up and down in a cylinder, 
the number of strokes made by the piston multipHed by the quantity 
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of water displaqed by each stroke giving an accurate record of the 
flow through the meter. 
In other types of meter the flow of water actuates a small turbine, 

the number of revolutions of which corresponds more or less closely 
with the amount of water passing. In both cases the quantity is 
recorded on a series of dials, like those of a gas meter. 
The Kennedy meter is caUed a " positive " meter, because no 

water can pass through it, however slowly, without bemg registered. 
With other types of meter such extreme accuracy is not as a rule 
obtainable, for the turbine does not flt the casmg closely, and small 
quantities of water can pass by it without being registered. Meters 
m which this can take place are called " inferential" meters. A 
good inferential meter wUl give approximately accurate readings 
over a wide range of flows, but for every such meter there is a 
certain limit below which it will not register correctly. On the 
other hand, when the quantity of water passing through a meter is 
relatively large, there will be a considerable loss of head. It is 
important therefore to select a meter of the right size. 
The amount of water which is required in case of a flre is usually 

very much greater than that which is ordinarily consumed, and a 
meter which is capable of passing such a quantity wUl be too large 
to measure the ordinary flow. The requirements of such a case 
may be met by the use of two meters, a small and a large one, the 
small meter being employed to register the ordinary consumption, 
and the large one being brought in use whenever for any reason 
the smaller one cannot pass the necessary amount of water. 
The Leeds Combination Meter is arranged on these lines, with 

a large meter on the main pipe, a small one on a bypass, and a 
valve on the main which opens automaticaUy whenever the quantity 
of water passing approaches the Hmit of capacity of the small 
meter, and the pressure on the downstream side of the meter 
is consequently reduced. As soon as the flow again becomes 
normal the valve closes, bringing the small meter back into use. 
A striking illustration of the folly of using an inferential meter 

which is too large for its work occurred many years ago when I was 
buUdmg the Edison General Electric Company's Canadian works 
at Peterborough, Ont. There were several hydrants and stand-
pipes in the works which would in the event of a flre discharge a very 
large quantity of water. ReaUsing that a meter capable of passing 
so much water would have been altogether too large to register the 
comparatively smaU quantity ordinarily used, I proposed to bypass 
the ordinary consumption through a smaU meter, and to pay by 
special arrangement for any water which might be required 
for flre extinction. The Water Company's Engineer, however, 
insisted on my putting in two 8-mch meters, one for ordinary use 
and the other as a reserve. I took the precaution of asking him 
what make of meter he would Hke and of obtaining from the manu
facturers a guarantee that it would register our ordinary consump
tion. When in due course the meters were read, the Engineer 
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complained that they were not registering. I reminded him that 
they could hardly be expected to do so. He then allowed me to 
take out the two large meters and put in a small one, as I had 
originally proposed.''' 
A third type of meter, which is widely used in America, consists 

of a gunmetal casing containing two rotat
ing interlocking pistons of vulcanite, which 
flt the casing closely and are forced around 
by the water. They register a wide range 
of flows with a very fair degree of ac
curacy, and remain in good condition for 
many years. 
Deacon, of Liverpool, has invented a 

very ingenious and simple meter, which is 
shown in section in Fig. 5. Its essential 
parts are a hollow brass cone in which a 
disc of the same diameter as the top of the 
cone is suspended. This disc, when no 
water is passuig through the meter, is held 
by a counterweight at the top of the cone, 
completely blocking the passage. When any 
water is drawn off and the pressure on the 
underside of the disc is thereby reduced, the 
disc is forced down by the pressure of the 
water above it until the annular opemng 

around it is just wide enough to allow the water to pass. The position 
of the disc at any moment is recorded by a pencU on a diagram, which 
is graduated to show the rate of flow. These meters are principally 
used for the detection of waste. 
Venturi Meter, The Venturi Meter has no moving parts and its 

action depends on the velocity of the water passing tlirough it. 
The meter, which is shown in section in Fig. 6, consists of two 
truncated hollow cones inserted in the line of the pipe and connected 
at their smaller ends by a short tube, or " throat." The area of 
the latter being much less than that of the pipe, the velocity of 
the flow through it is very much greater, and this increase in 
velocity can be obtained only at the expense of the pressure in the 
pipe. This loss of pressure is regained as the flow expands on 
leaving the throat. With small flows the increase in velocity 
through the throat is comparatively Httle, and the loss of head is 
accordingly slight, but as the quantity increases the reduction in 
the pressure wUl increase as the square of the velocity. The quantity 
passing is therefore as the square root of the difference between 
the pressure in the pipe and that in the throat. To enable this 

Fio. 5.—DEACON 
WASTE-WATEK METEE. 

IBy Courtesy of Palatine 
Engineering Co., Ltd. 

* The General Manager from Schenectady happened to visit the works 
while the meters were lying beside the trench. H e gazed at them sadly and 
remarked, " To think of oiû  having to pay five thousand dollars for those 
two damned liars ! " I assm-ed him that I did not intend to pay a cent for 
them, and needless to say, I did not. 
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difference to be read, small tubes are led off from the pipe just 
above the meter and from the throat to vertica.1 cyHnders con
taining water or mercury. In these cyHnders floats are suspended, 
the rise and fall of which are transmitted by gearing to a pen which 
traces a continuous curve on a diagram. 

FIG. 6.—VENTUEI METEB. 

The accuracy of a Venturi Meter, like that of an orffice, increases 
with the flow. 
Venturi Flume, The Venturi Meter is wholly enclosed, and the 

waterway through it is contracted in all directions. The Venturi 
or " Standing-Wave " Flume (Fig. 7), which works on the same 
principle, is open, and is contracted in one direction only, the throat 
being formed by bringing the sides of the channel together, as shown 
in the plan. The flow is measured, as in the case of a notch, by 

Fia. 7.—VENTUBI FLUME. 

means of a float on the upstream side of the flume, connected with 
a recording apparatus. 
After passing through the throat, the stream expands, its energy 

of motion being reconverted into head. A Venturi flume may 
therefore be used in cases where the fall for a notch cannot be 
spared. The gaugings are not affected by the level of the water 
on the downstream side. The Venturi flume is particularly useful 
at a sewage works. 
Pipe Bends as Meters, When water flows round a bend, the 
G 
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pressure on the outside of the pipe is greater than that on the inside, 
the difference depending on the velocity of the flow. The velocity 

may be ascertained by means of the formula v = Cw ^ ' where 

C is a coefficient, depending on the type of pipe, H the difference 
in head, g the acceleration due to gravity, R the mean radius of 
the bend, and B the diameter of the pipe, all presumably in feet. 

Tests made with a standard 6-inch cast iron 90° bend gave a 
value for C of 0-91, the difference in pressure being measured 21-5° 
from the beginning of the bend. 

The errors resulting from this mode of measurement are said to 
be no greater than those arising with the methods usually employed, 
but where great accuracy is desired each bend should be specially 
cahbrated. 

It is not always necessary to put in a meter as large as the pipe 
on which it is placed, for most meters wiU pass without undue loss 
of head far more water than would ordinarily be carried by a pipe 
of the same diameter. 

FLOW IN PIPES 

The work which is done in conveying water through a pipe or 
conduit consists in overcoming the frictional resistance of its 
wetted surfaces. The power for overcoming this resistance is 
derived from the fall of the water or the loss of pressure (or " head ") 
in the pipe. The pressure in a pipe may be expressed either as the 
height of a column of water or as the resultant pressure in pounds 
on each square inch of the surface on which that pressure acts. 

The frictional resistance in a pipe or conduit wUl depend on the 
smoothness or otherwise of its surface, but is independent of the 
pressure of the water. In other words, it will take no more head 
to convey 100 gallons per minute through a mUe of 6-inoh pipe 
under a pressure of 1000 lb. per square inch than U the pipe were 
just running full without pressure. With very slow flows the 
resistance due to friction is directly proportional to the velocity, but 
with velocities exceeding about 6 inches per second the resistance 
increases very nearly as the square of the rate of flow. In other 
words, the head required to cause water to flow in a given pipe at 
a velocity of 4 feet per second will be four times as great as for 
2 feet per second. 

Seeing that the resistance to the flow of water is due to the 
friction of the surfaces over which the water flows, it follows that 
the smaller the area of the wetted surface in relation to the cross-
sectional area of a pipe the less wUl be the head required to mamtain 
a given rate of flow. 

Hydraulic Mean Depth. The average depth of the water in a pipe 
or channel over the surfaces with which it is in contact is known 
as the "hydrauhc mean depth," or sometimes as the "hydrauhc 
radius." Thus a stream 1 foot deep flowing in a channel 4 feet wide 
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has a cross-sectional area of 4 square feet. The wetted perimeter 
is 1 foot -1- 4 feet -f 1 foot = 6 feet, and the hydraulic mean 

depth —square ^ ^^3 j^^^ ̂  g inches. Since the cross-

sectional area of a circle is izr^, whUe the length of its circumference 

is 27tr, the hydrauhc mean depth in a circular pipe is s— = j^, or 

one quarter of its diameter. 
Formulae for Flow in Pipes, A very large number of experiments 

have been carried out with the object of ascertaining the laws 
which govern the flow of water, and of arriving at a formula whereby 
the velocity of flow due to a given head may be determined. In 
most of these formulae the velocity is directly proportional to the 
square root of the head, but whereas in the older formulae the 
velocity also varies as the square root of the hydrauhc mean depth, 
in the later ones the velocity increases more rapidly. 
One of the oldest formulae is that of Chezy :—v = Cs/r s, where v 

is the velocity of flow in feet per second, r the hydraulic mean depth 
in feet, s the slope, or the fall (or loss of pressure) divided by the 
length of the pipe or conduit, and c a constant, which must be 
determined by experiment. Eytelwein found the value of this 
constant to be about 95, and his formula, v = 96V?" s, was formerly 
widely used. Another old formula, which is still occasionally met 

VHlT 
-—-, in which v is the velocity in 

feet per second, H the head, D the diameter, and L the length, all 
in feet. 
The foUowing formula is convenient for ascertaining the dehvery 

of a pipe flowing full without first determining the velocity :— 

Q= mf^ 

Q is the discharge in gallons per minute, d the diameter of the pipe 
in inches, H the head in feet, and L the length in yards. 
The velocities given by most of these formulae are too high in 

the case of smaU pipes and too low in that of larger ones. These 
inaccuracies are due to the faUure to take account of the fact that 
the velocity increases more rapidly than the square root of the 
diameter. This fact is recognised in the more recent formulae, 
among the better known of which are 

/ 'i.gds 
Weisbach's: v = \ 0-017155 

V yv 

in which g = the acceleration due to gravity = 32-2 
and d = the diameter of pipe in feet = 4r. 
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/ 2gr s 

""'''''' • ' ^V 0-0037285 (l +^») 

and Neville's : v = 140 Vrs — 11 Vrs. 

Another important factor of which no account is taken in the 
earlier formulae is the smoothness or otherwise of the interior surface 
of the pipe or channel. 

A s the result of an enormous number of experiments, carried out 
under widely varying conditions, Ganguillet and Kutter produced 
their weU-known formula 

V = 
'41-66 + 1:^+1:5^^^ 

' n s 

77(41-66 + 0:50?^)^, 
•\/r 

where V = the velocity m feet per second, 
r = the hydraulic m e a n depth of flow in feet, 
s — the fall of the pipe divided by its length (usually 

termed the " gradient " ) , and 
ji = a coefficient for roughness. 

The value of n for different materials is as follows :— 

Wood 0-010 : may be as high as 0-015 
Cast iron and steel pipes 0-011: ,, ,, ,, 0-020 
Glazed stoneware pipes 0-013 

This formula is probably one of the most trustworthy which has 
yet been produced, but the amount of calculation which it involves 
renders it inconvenient for ordmary use. Accordingly, the late 
W . Santo Crimp and C. Ernest Bruges sought to devise a simpler 
formula, which, whUe not mathematically accurate, should be 
sufficiently so for practical purposes. A s the result of a close study 
of the best existing formulae they brought forward one of then-
own, viz. 

V = 124 ̂ f^ Vs~, 

in which the symbols have the same meaning as in Ganguillet and 
Kutter's formula. Crimp and Bruges' formula gives results 
approximating to those obtamed by GanguUlet and Kutter when 
the value of n, the coefficient for roughness, is between 0-012 and 
0-013. I have used this formula in all the following calculations 
relating to water-mains and sewers. 

Crimp and Bruges pubHshed a set of tables, based on this formula, 
covering circular pipes from 2 inches to 10 feet in diameter, laid at 
gradients of from 1 in 5 to 1 in 3500. There are also tables giving 
the carrying capacities of oval sewers, and the proportional velocities 
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and discharges of pipes running partly full. These tables are the 
inost complete and convenient which I have yet seen, and it is a 
pity that they are now out of prmt. Table VII, which is calculated 
from the same formula, shows the gradients required to give 
velocities of from 1 to 6 feet per second in pipes ranging from 1 to 
48 inches in diameter, and Table VIII the correspondmg carrying 
capacities when the pipes are running full. 
Water is only one of many fluids (liquid and gaseous) which are 

conveyed in pipes, and the flow of all these is subject to the same 
laws and may be expressed by the same formulae. Professor 
Unwin's general formula for the flow of a fluid (whether liquid or 
gaseous) through a pipe is 
^ = ^•2^' D' 
where H = head in feet of fluid ; v = velocity in feet per second ; 
g — acceleration due to gravity, taken as 32-2 ; L = length of pipe, 
and D = its diameter, both in feet, î  is a coefficient for friction, 
which Professor U n w i n stated in 1880 as 

0-0027(1+^); 

and, subsequently, as the result of Professor Riedler's experiments 
with the compressed-air mains in Paris, as 0-003 for diameters of not 
less than 1 foot. U s m g the original value of X, and expressing the 
diameter, d, in inches, instead of feet, w e g e t : — 

(1 + ^^yi. 

/ d^ 
«-=22-3 \— qTfi 

M a n y years ago I h a d occasion to investigate the flow of gas 
through pipes, and for this purpose I compared the values given b y 
the better-known formulae for air, gas, water, and steam. T h e 
results of this investigation were published in Engineering o n 
March 19th, 1897. 

Fig. 8 shows the velocities given by the different formulae for a 
gas weighing 1 lb. per cubic foot flowing in pipes from 1 to 24 inches 
in diameter with a loss of pressure of 0-694 lb. per 100 feet, and 
Fig. 9 the corresponding velocities for water flowing in pipes of 
the same sizes with a hydrauhc gradient of 1 in 100. 

It -wdll be seen that the different formulae give widely discordant 
results, especially for the larger diameters, the differences for a 
24-inch pipe ranging from 30 per cent, in the case of water to nearly 
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50 per cent, in that of a gas, such as air or steam. With pipes 
larger than 24-inch the differences are even greater. The formula 
which gives the highest velocities in one case will not neces
sarily do so in another. At a gradient of 1 in 50, for instance, 
Weisbach's formula, gives much higher velocities than Kutter's, for 
all sizes of pipes, while at gradients flatter than 1 in 500, and with 
pipes more than 27 inches in diameter, the case is reversed. 

Resistance of Pipe Systems. The quantity of water flowing through 
a pipe of given size and gradient can usually be obtained direct 
from a table or calculated by means of a formula, but where the 
size of the pipe is not uniform throughout its length or where it is 
branched, the matter is not so simple. In such cases it is some
times convenient to begin by ascertaining the resistance of the 
whole system. This method is universaUy used in electrical calcu
lations, but rarely in connection with water. 

There is one essential difference between the two fluids. The 
quantity of electricity conveyed by a conductor varies inversely 
as its resistance and directly as the loss of pressure between its 
terminals. This is expressed by the well-known formula C = -p. 

The flow of water through a main is not proportional to the head 
divided by the resistance of the main, but to the square root of 
the quotient. If therefore we adopt the same symbols as are used 

/E 
'R-

In the case of electricity the same units—amperes, volts, and ohms 
—are employed throughout: in that of water such a procedure 
would involve the use of some very large figures. It is convenient, 
therefore, to use different units of resistance for small and large 
mains—^for the former r, the head in feet required to convey I cubic 
foot per minute through 1000 feet of pipe—and for the latter R, 
that required to convey 1 cubic foot per second through the same 
length. These resistances may readUy be calculated from any of 
the usual pipe formulae. 

Crimp and Bruges' formula gives v = 124 •^r^'s/s. In this formula 
r is the hydrauhc mean depth in feet or ̂ ^ of the cUameter in inches, 

and may therefore be expressed as j^, making v = 124 A/(jo) ^/''• 

In the following calculations r and R represent units of resistance, 
as defined above, and q and Q quantities dehvered in cubic feet 
per minute and cubic feet per second respectively. 

^ ^^O'^ 4^044 =-M = 
_ 9-6g . _ vnd^ _ 576 Q 

"" - ^^'• ^ - WlQ "^"^"^ " ~ nd^ • 

for electricity, we must use the formula C = ./_ 
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With g=l,v = 'J,= lM^^{^Jvs 

^, . /9-6 X -^iSY 0-10594 
therefore s = I s— = — : ^ — • 

V 124Tr£̂ 2* J d^i 
The head, H, required for a given length 1 = Is, and for our unit 

105-94 
length of 1000 feet H = 1000 s = ,5̂  = r. 

Similarly R = 4^—. 

Tables IX and X, which are calculated from these formulae, give 

the values of r and -, R and =r, and their respective logarithms for 
r R 

pipes ranging from 1 inch to 4 feet in diameter. 
These tables are calculated from Crimp and Bruges' formula, 

V = 124 ^r^yj~, but any other formula may of course be used. 
The resistance, Rg, of a branched main. 

the two sides of which have resistances of Rj^ and Rg respectively, 
is given by the formula 

Rj^ Rg 

The resistance of a complicated system of mains can only be 
ascertained by trial, but once it is arrived at, the quantity of water 
which it wUl convey with any given loss of head can be obtained 
by the simple process of dividing the loss of head by the total 
resistance and taking the square root of the quotient. 

Thus g (cubic feet per minute) = ./_, and 

Q (cubic feet per second) = AZ-D 

Similarly, the head required to convey a given quantity through 
a main or system of mains of known resistance can be obtained from 
the formula H = gV, or H = Q^R, as the case may be. 

While the use of the resistance figure presents no advantage in 
the case of a simple main, it saves a great deal of calculation in 
deahng with a long main of varying diameter or a comphcated 
system of pipes. It is also useful in the case of a main the carrying 
capacity of which has been reduced by incrustations or otherwise. 
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By measuring the discharge of such a main with a given loss of head, 
its resistance may be ascertained for use in any future calculations. 

The following is an example of a long main with which I was 
concerned many years ago. 

Diameter. 
Inches. 

lOi 
10 
9 
8 
7 
6 

Length. 
Feet. 

Resistance (r). 

Per 1000 feet. 

17,200 0-000379 
6,800 0-000492 
9,500 0-000863 
3,000 0-00162 
17,850 0-00330 
5,630 0-00750 

Branched Main 

Total. 

0-0065 
0-0033 
0-0082 
•0-0048 
0-0589 
0-0422 
0-3925 

0-5164 

This main, with a loss of head of 20 feet, wiU carry ̂ ^ ..„ , = 6-22 

cubic feet per minute. 
Hydraulic Gradient. A water main is rarely, U ever, laid at a 

uniform gradient, but usually in a succession of ups and downs 
corresponding with those of the country through which it passes. 
Provided, however, that there are no abrupt bends in its course 
and that air is not allowed to accumulate at the high points or 
sediment in the depressions, these departures from a urdform gradient 
will in no way detract from its carrying capacity. 

The velocity at which water flows through a main depends, not 
on the actual gradient of the pipe, but on the " hydrauhc gradient " 
of the main as a whole, that is to say on the total fall (or loss of 
pressure) in the main divided by its total length. If a series of 
open-ended vertical pipes were carried up from the main at intervals, 
the water would rise in each of them up to the line of the hydraulic 
gradient. 

Siphons. Owing to the additional head which is due to the pres
sure of the atmosphere, a pipe may be laid some thhty feet above 
the line of the hydrauhc gradient without affecting the flow through 
it. A pipe in which atmospheric pressure is utilised to carry water 
above the level at which it would otherwise flow is termed a '' siphon.'' 
A siphon is sometimes used to obviate the need for laying a main 
at a great depth through a ridge. In order that it may work with 
certainty, the pipe must be kept free of air. Water usuaUy contains 
some air in solution, and when the pressure is reduced, as it is at 
the top of a siphon, this air is disengaged and accumulates iii the 
upper part of the pipe, blockmg the flow. Whenever this happens 
the siphon must be recharged, either by pumping out the air or by 
closing the ends of the siphon and filling it with water from a 
higher level. 
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A sharp bend will consume as nmch head as many feet of pipe, 
but such bends are not used in waterworks practice. A tee junction 
also absorbs a certain amount of head. 
Pipes Flowing Partly FuU. The foregoing formulae and tables 

relate to pipes which are flowing full. In a pipe flowing half-full 
the hydrauhc mean depth, and consequently the velocity, is the 
same as in a full pipe. If, however, a pipe is less than half-full, the 
hydrauhc mean depth will be less, and the velocity will also be 
reduced. In pipes which are more than half-full both will be 
greater than in a full pipe. Fig. 10 shows the proportional veloci
ties and discharges in a pipe which is flowing partly full. 
Crimp and Bruges give a table showing the proportional velocities 

and discharges for depths of flow ranging from one-hundredth to 
99-hundredths of the diameter of a circular pipe and a corresponding 
table for oval sewers. Table XI gives the proportional velocities 
and discharges for each twentieth of the diameter in depth of a 
circular pipe, those for the full pipe being taken as unity. 

TABLE XL 
Proportional Velocities in Pipes and Discharges ivith given Depths 

of Flow. 

Proportional 
Depth. 

0-05 
0-10 
0-15 
0-20 
0-25 
0-30 
0-35 
0-40 
0-45 
0-50 
0-55 
0-60 
0-65 
0-70 
0-75 
0-80 
0-85 
0-90 
0-95 
1-00 

Proportional 
Velocity. 

0-257 
0-401 
0-517 
0-615 
0-701 
0-776 
0-843 
0-902 
0-9-54 
1-000 
1-034 
1-072 
1-099 
1-120 
1-134 
1-140 
1-137 
1-124 
1-095 
1-000 

Proportional 
Discharge. 

0-005 
0-021 
0-049 
0-088 
0-137 
0-196 
0-263 
0-337 
0-417 
0-500 
0-586 
0-672 
0-756 
0-837 
0-912 
0-977 
1-030 
1-066 
1-075 
1-000 

Table XII, which shows the proportional velocities with given 
proportional discharges, wUl usuaUy be more convenient. 
The greatest velocity (1-14 times that in a full pipe) occurs with 

a depth of flow equal to 0-81 of the diameter of the pipe ; with 
a depth equal to 0-94 of the diameter, a pipe carries 1-08 times 
as much as it wiU when running fuU. 
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TABLE XII. 
Proportional Velocities in Pipes with given Proportional Discharges. 

Prop. 
Disoh. 

0-005 
0-010 
0-015 
0-020 
0-025 

0-030 
0-035 
0-040 
0-045 
0-050 

0-055 
0-060 
0-065 
0-070 
0-075 

0-080 
0-085 
0-090 
0-095 
0-100 

0-105 
0-110 
0-115 
0-120 
0-125 

Prop. 
Vol. 

0-260 
0-320 
0-363 
0-397 
0-424 

0-448 
0-469 
0-487 
0-505 
0-521 

0-536 
0-550 
0-563 
0-576 
0-587 

0-599 
0-610 
0-620 
0-630 
0-640 

0-649 
0-657 
0-666 
0-674 
0-682 

Prop. 
Disoh. 

0-130 
0-135 
0-140 
0-145 
0-150 

0-155 
0-160 
0-165 
0-170 
0-175 

0-180 
0-185 
0-190 
0-195 
0-200 

0-205 
0-210 
0-215 
0-220 
0-225 

0-230 
0-235 
0-240 
0-245 
0-250 

Prop. 
Vel. 

0-690 
0-698 
0-705 
0-712 
0-719 

0-726 
0-733 
0-739 
0-746 
0-752 

0-758 
0-764 
0-770 
0-775 
0-781 

0-786 
0-791 
0-797^ 
0-802 
0-807 

0-812 
0-817 
0-822 
0-826 
0-831 

Prop. 
Disch. 

0-255 
0-260 
0-265 
0-270 
0-275 

0-280 
0-285 
0-290 
0-295 
0-300 

0-305 
0-310 
0-315 
0-320 
0-325 

0-330 
0-335 
0-340 
0-345 
0-350 

0-355 
0-360 
0-365 
0-370 
0-375 

Prop. 
Vel. 

0-835 
0-840 
0-844 
0-849 
0-853 

0-857 
0-861 
0-866 
0-870 
0-874 

0-878 
0-882 
0-886 
0-890 
0-893 

0-897 
0-901 
0-905 
0-908 
0-911 

0-914 
0-918 
0-921 
0-925 
0-928 

Prop. 
Disoh. 

0-380 
0-385 
0-390 
0-395 
0-400 

0-405 
0-410 
0-415 
0-420 
0-425 

0-430 
0-435 
0-440 
0-445 
0-450 

0-455 
0-460 
0-465 
0-470 
0-475 

0-480 
0-485 
0-490 
0-495 
0-500 

Prop. 
Vel. 

0-932 
0-935 
0-938 
0-941 
0-944 

0-947 
0-950 
0-953 
0-956 
0-960 

0-963 
0-966 
0-969 
0-972 
0-974 

0-977 
0-980 
0-983 
0-986 
0-988 

0-990 
0-993 
0-995 
0-998 
1-000 
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I have dealt with the question of flow in pipes at some length, 
because it is important to remember that this branch of 
hydrauhcs is far from being an exact science. As will be seen 
from Eig. 9, there is a wide discrepancy between the results 
given by diSerent formulae, and it is impossible that they can all 
be correct. Many of them are based on experiments made with 
pipes of certain sizes, and within limits they may give fairly accurate 
results, but their use for smaller or larger pipes involves a serious 
risk of error. Most, U not aU, of them are obviously empirical, 
being the outcome of a conscientious endeavour on the part of 
their authors to find a general expression which would accord with 
the results of all their experiments. How difficult was then-
task wUl be apparent from the complexity of some of the formulse 
which they have produced. 
It is nearly forty years since I examined the principal formulae 

which were then in use. Since then an enormous amount of experi
mental work has been carried out both in this country and in 
America, and a mass of valuable information has been accumulated. 
It is permissible to hope that sooner or later a rehable and com
paratively simple formula wUl be evolved. 
MeanwhUe we have to do the best we can with those formulse 

which are aheady avaUable, taking care to select the' one which 
appears to be most apphcable to the case with which we are deahng. 
W e should never lose sight of the fact that none of them is more 
than approximately correct, and that it is futUe therefore to work 
out the flow in a pipe to several places of decimals. 
Water Hammer. The momentum of a long column of water 

flowing in a pipe is considerable, and if the flow is suddenly checked, 
as for instance by the closing of a sluice valve or hydrant, very 
serious stresses may be set up. As the result of experiments carried 
out in a main in which the ordinary pressure was 125 lb. per square 
inch, Binnie found that the sudden closing of a tap increased the 
pressure in the main to 220 lb. and that at the tap to 550 lb. per 
square inch. Water hammer is one of the most frequent causes of 
burst pipes. It is accordingly regarded as a nuisance to be avoided 
wherever possible. Water hammer, however, is designedly pro
duced in a hydrauhc ram for the purpose of causing water to rise 
above its source. (See p. 162.) 



CHAPTER IX 

SOURCES OF WATER 

ALL water comes from the air which is charged with moisture 
evaporated from the surfaces of oceans, seas, lakes and rivers, from 
marshy land, from the lungs and skins of animals, and from the 
leaves of vegetation. The warm, moist air is carried hither and 
thither by the winds, and as it cools the vapour which it contains 
condenses into clouds or mists, being eventually precipitated in 
the form of rain, hail, snow, or dew. 

Rainfall. The amount of rain which falls in a year varies 
very greatly from one place to another. There are large tracts in 
the deserts of Africa and Central Asia where rain is almost unknown: 
at Cherrapongee, in the Himalayas, there is a rainfall of 600 inches 
per annum. The amount is usually greatest where the moisture-
laden winds from the ocean pass over a mountain range, which 
deflects them into higher and cooler regions where the moisture is 
condensed. Accordingly, in Great Britain the rainfaU is greatest 
on the hUls of Scotland, Cumberland, and Wales, where it ranges 
up to 140 or 165 inches per annum, and least in the Eastern 
Counties, where it averages 24 inches or less. The average rainfall 
in England is about 33 inches per annum, in Wales and Scotland 
50 inches, in Ireland 43 inches, and in the British Isles as a whole 
41^ inches. The rainfall varies from month to month, the average 
fall for each month in the British Isles being as follows:— 
GEJS-BRAL AVERAGE RAINI-AXL IN BRITISH ISLES, 1881-1915. 

January . 
February . 
March 
April 
May 
June 

For purposes of water supply, the rain which falls hi the autumn, 
winter, and spring is the most important, for a large proportion of 
the summer rainfall is lost by evaporation. There is also a great 
variation from one year to another, the wettest year's rainfall 
recorded at nine stations in England during a period of fifty-two 
years being 36 per cent, above the average, and that for the driest 
year 29 per cent, below the average. In estimating the yield of 
water from a gathering ground it is usual to work on the basis of 
the rainfall during the three consecutive driest years, which may 

96 

. 3-78 

. 3-26 

. 3-22 

. 2-52 

. 2-61 

. 2-64 

July 
August 
September 
October 
November. 
December 

Total for 

. 3-25 

. 3-88 

. 3-09 

. 4-25 

. 4-19 

. 4-72 

year 41-41 



SOURCES OF W A T E R 97 

be as much as 18 per cent, short of the average. A period of 
twenty-nine or more consecutive days during which the rainfall 
does not average more than 0-01 inch per day is termed a " partial 
drought," and one of fifteen or more consecutive days on none of 
which more than 0-01 inch falls an " absolute drought." 
The period of twenty-one months extending from November 

1932 to July 1934 was the driest which has been experienced in 
England and Wales since the great drought of 1740-43. The 
drought was broken by heavy rains in February and March 1933, 
but the accumulated deficiency at the end of May 1934 amounted 
to 30 per cent, of the average rainfaU. In the Meteorological 
Magazine for July 1934 the Air Ministry compare the eight di'iest 
months from July 1933 to February 1934 with the dry periods of 
1887 and 1921. Taking the British Isles as a whole, " the eight 
months of drought of 1933-34 was undoubtedly the most severe 
in the past sixty years." 
The Ministry of Health, in their Annual Report for 1933-34, 

remark that " the continuance of the dry period through the 
winter into the early months of 1934 has created a situation without 
parallel during the last 50 years. The rainfall for the six months 
ending 31st March, 1934, was nearly 6 inches below the normal." 
The drought was most severe in the valley of the Thames, the 

accumulated deficiency at Richmond, Surrey, at the end of May, 
1934, being no less than 48 per cent, of the average. The norma] flow 
of the Thames at Teddington for the month of June is 819 million 
gaUons per day. On 20th June, 1934, it fell to 230 mUhon gallons. 
The effect on water supplies was even greater than the foregoing 

figures would indicate, for during a drought the percentage of the 
rainfall which is lost through evaporation is much greater than 
when the fall is normal. The shortage of rain was felt most severely 
in rural areas. Out of 584 Rural District CouncUs which sent 
returns to the Ministry of Health, no fewer than 193 reported 
serious deficiencies in the whole or parts of their districts. 
Run-ofl. The whole of the rainfall on a natural collecting area 

is not avaUable for purposes of water supply, for a part of it is lost 
by evaporation and absorption by vegetation, and much of it 
sinks into the ground. The proportions so lost will depend on 
the slope of the ground and the permeabUity or otherwise of the 
surface strata, and will also vary with the season, being greatest 
in summer and least when the weather is cold and the ground 
already saturated. Woodward gives the following as the averages 
for Great Britain * :— 

Per cent. 
Evaporation and absorption by vegetation . 57 
Percolation . . . . . . 25 
Surface run-off . . . . . 18 

100 
* " The Geology of Water Supply," p. 52. """ 
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For the Thames basin Baldwin-Wiseman gives the following 
figures :— 

Per cent. 
Evaporation and absorption by vegetation . 57-5 
Percolation . . . . . . . 12-9 
Surface run-off 29-6 

100-0 

In the case of an upland collecting area with a heavy rainfall the 
run-off is generally much greater. Thus the flow from the Liverpool 
Corporation's gathering ground at Rivington durmg the years 
1861-65 averaged 76| per cent, of the rainfall, and that from the 
Manchester gathermg ground in the Longdendale Valley from 1864 
to 1875 no less than 81 per cent. As a rule, however, it is not 
safe to count on much more than 40 per cent. 

Influence of Trees. The question of the influence of trees on the 
yield of a gathering ground has been the subject of much con
troversy. It is sometimes said that more rain faUs on a wooded 
area than on bare ground, but this has yet to be proved. It is 
certain, however, that trees protect the ground from the direct rays 
of the sun and from the full force of the wind, and thus reduce the 
loss by evaporation. O n the other hand, a great deal of water is 
passed into the air by transpiration from the leaves; but the 
amount of water lost in this way is probably less than is saved by 
the reduction in evaporation. From gaugings which were made 
by Belgrand some forty years ago of the flow from two similar 
valleys in France, one covered with trees and the other bare, it 
would appear that the presence or absence of trees made very httle 
diflierence in the yield. 

A carpet of vegetation and fallen leaves absorbs a great deal of 
water, which passes off graduaUy, and thus diminishes flooding. 
The roots of the trees bind the earth together and prevent it from 
being washed down the slopes, as it does on a bare hUlside. The 
erosion of the ground by heavy rains is thus greatly reduced. 

Afforestation moreover provides a profitable use for large areas 
of land without detriment to the quality of the water. The Final 
Report of the Forestry Sub-Committee of the Reconstruction 
Committee, made in 1918, contauis the following recommenda
tions -.—" W e consider it should be an invariable rule that on 
catchment areas all land which will produce a crop of marketable 
timber should be afforested." Many water authorities throughout 
the country are acting on this recommendation. 

Seeing that water is required throughout the year, while little 
or no rain m a y fall for months at a time, storage must be provided 
to maintain the supply during the dry season. In such a case 
allowance must be made for the loss by evaporation from the 
reservoir, which in this country may take place at the rate of 
20 inches per annum from the whole area of the water surface. 
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Compensation Water. A further heavy deduction must generally 
be made for " compensation water," for a water company or Local 
Authority is rarely, if ever, allowed to appropriate the whole flow 
of a stream. Whenever parliamentary power is given for the 
abstraction of water from a gathering ground, a clause is inserted 
in the Act providing that a certain amount of water, usually one-
thu-d of the avaUable yield, shall be sent down the stream for the 
use of the riparian owners below. The quantity so reserved is 
"almost always greater than the natural dry-weather flow. Thus, 
in the case of Torquay the amount of compensation water, on the 
basis of one-third the average daUy flow during a period of three 
dry years, would be 800,000 gallons per diem, or flve times the 
actual flow of the river during a dry period of 28 days. 

With the constantly increasing demand for water for domestic 
and industrial purposes it is becoming more and more difficult to 
spare the prescribed amount of compensation water, and there is 
a growing body of opinion to the effect that it is not right that the 
health of a community should be sacrificed to the lesser interests 
of riparian owners. These interests, however, are powerful and 
vigilant, and they are reinforced by those of the many fishing 
associations which have sprung up in all parts of the country. 

So unsatisfactory is the position that the Ministry, of Health 
Advisory Committee on Water appointed a technical Sub-committee 
to consider the present method of assessing compensation water 
and report whether that method is equitable, and, if it is not, to 
recommend how compensation water should be assessed. The 
Sub-committee, whose recommendations were endorsed by the 
Advisory Committee, presented their report m 1930. They found 
that the present method of assessing compensation water gives 
very unsatisfactory results, and suggested a new basis of assessment. 
They recommended moreover that full consideration should be 
given to the extent to which the riparian use of the water has been 
developed, and they suggested that in exceptional cases, such as 
the absence of riparian interests, a reduced discharge, or even 
none, might meet the requirements of the river. They considered 
that in certain cases the whole or a part of the obhgation as regards 
compensation might best be met by a money payment or by the 
provision of an alternative mode of power. 

In May 1934, in view of the serious shortage of water due to the 
prevaUing drought, the Water Supphes (Exceptional Shortage 
Orders) Act was passed. In addition to other powers, which are 
noted on p. 57, the Minister of Health is authorised, where he is 
satisfied that by reason of an exceptional shortage of rain a deficiency 
of water exists or is threatened, to suspend or modify any restriction 
or obligation to which the undertakers are subject as regards the 
discharge of compensation water. In the event of such discharge 
being suspended or reduced, compensation must be made by the 
undertakers to any persons who may be prejudicially affected 
thereby. 
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With a view to rendering available for the supply of the city 
water which would otherwise have had to be reserved for com
pensation purposes, the Corporation of Sheffield have obtained 
parliamentary power to pump a part of their purified sewage back 
into the stream. For this purpose they have installed pumps 
capable of lifting 7,500,000 gallons per day to a distance of about 
seven miles and a height (including friction) of 385 feet. 
In the United States compensation water is rarely given, and a 

sum of money is usually paid instead. 
Lakes, Many of the larger cities of North America, such as 

Chicago, Detroit, Cleveland, Buffalo, and Toronto, possess in the 
Great Lakes inexhaustible sources of good water. 
In this country there are no such great inland seas. Our largest 

lake, Windermere, would cover only one-thousandth part of the 
area of Lake Ontario, which is the smaUest of the American Great 
Lakes. Glasgow, however, obtains its water from Loch Katrine, 
Liverpool from Lake Vyrnwy, and Manchester from Thirlmere: 
works for bringing in an additional supply from Lake Haweswater 
are now nearing completion. Such natural reservoirs are rare, and 
in most cases an artificial reservoir has to be formed by throwing a 
dam across the valley. Where sufficient water cannot be obtained 
from the watershed above the dam, adjoining vaUeys are often 
tapped, the water being brought into the reservoir either by a 
channel formed along the contour of the intervening spur or a tunnel 
driven through it. 
Rivers. A town which is situated on the banks of a large river 

usually draws its water therefrom. London, for instance, obtains 
the greater part (about 80 per cent.) of its supply from the Rivers 
Thames and Lee. In such cases the flow of the river wUl often 
suffice to maintain the supply continuously, but in time of flood 
the water wUl generally be muddy and charged with every kind of 
pollution, washed from the surfaces of the roads and cultivated 
land. At such times therefore the taking of water should be 
discontinued, or large storage reservoirs should be provided in 
which the solid impurities may have ample time to settle. 
Rain-water. In many parts of the country the rain-water from 

the roofs is collected and stored in underground tanks, from which 
it is pumped when required. The Ministry of Health, in then-
Report on Rural Water Supphes, draw attention to this source of 
supply. A number of vUlages in the Midlands and East Angha, 
which are largely dependent on rain-water, were selected for 
investigation by one of their Engineering Inspectors, whose report 
they append to their own. The Inspector, after describing the 
results of his observations, goes on to remark that, " provided people 
are accustomed to a limited supply of water, there appears to be no 
reason why rain-water should not be looked upon as a direct source 
of supply where the cost of a piped supply is prohibitive." Where 
the supply from the roofs is not sufficient for all purposes, there 
is almost always an auxiliary supply of indifferent water which 
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can be used to supplement it. The Inspector " heard no evidence 
of health suffering from the use of rain-water, in spite of the fact 
that m practically no instances are precautions taken to clean 
roofs, to aerate, to add lime or to filter, prior to storage." 

M a n y farms in the interior of Austraha, where the rainfall is 
small and is often exceeded by the evaporation, obtain all their 
water from the roofs of their buildings. In parts of Jamaica the 
dew which condenses on the iron roofs of the verandahs is used 
for drinking-water. 

OccasionaUy, in the absence of a suitable natural source, an 
artificial gathering ground is prepared to collect water for the 
supply of a town. Thus at Gibraltar an elevated area of more than 
38 acres on the eastern side of the Rock has been covered with 
heavUy galvanised iron sheets to collect the rainfall and dew.. The 
average rainfall is about 35 inches per annum. Aden too is supplied 
from an artificial collecting ground, whUe several places in the 
Canary Islands derive their water from areas covered with concrete. 



CHAPTER X 

HYDRO-GEOLOGY 

Underground Water. Much of the water which is used in this 
country is obtained from underground sources. Such water some
times breaks out at the surface in the form of springs; more fre
quently it has to be pumped from a well or a borehole. In the case 
of springs, their flow can be gauged, and evidence, more or less 
trustworthy, is generally avaUable as to their permanence or other
wise, but where a well has to be sunk its yield can only be estimated. 
Certain persons, known as " dowsers " or as " water diviners," 
claim to be able to locate underground flows of water, and even to 
determine their depth, volume, direction, and quahty. The ques
tion of the vahdity or otherwise of these claims has formed the 
subject of keen and recurring controversy. The diviners have many 
successes to their credit, but many faUures are also on record. 
Water may possibly be found with the aid of the divining-rod; but 
the geology of the district is a safer guide. 

Geology. The greater part of this country is covered with sedi
mentary rocks, the materials for which have been washed down from 
the original surface of the land, deposited on the beds of oceans, 
seas, estuaries, or lakes, and subsequently consohdated by pressure 
or heat. These rocks, which include sandstone, conglomerates, 
chalk, and clay, occur in, layers or strata, which are often of very 
great thickness and cover-wide'stretches of country. Estimates 
of the time which it has taken to form them vary widely, but it 
may certainly be measured by tens of mUlions of years. 

The sedimentary rocks found in these islands include a large 
number of distinct formations, which, working from the surface 
downward, are grouped as foUows :— 
Geological Systems. Typical Subdivisions. 
Quaternary or Post-Terliary Blo-wn Sand. 

Peat. 
Alluvial Deposits. 
Drifts. 
Glacial Deposits. 

Kainozoic or Tertiary 
Pliocene Shelly Sands, or " Crags." 
Miocene Bovey Clays and Lignites. 

{Hempstead, Bembridge, and Barton Beds. 
London Clay. 
Oldhaven Beds. 
Woolwich and Reading Beds. 
Thanet Beds. 

102 
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Geological Systems. 
JMesozoic or Secondary. 

Cretaceous 

Oolitic 

Liassic 

Rhaetic or Penarth Beds 

Triassic 

Permian ' 

Typical Subdivisions. 

/Chalk. 
Upper Greensand. 

J Gault. 
) Lower Greensand. 
I Weald Clay. 
^Hastings Beds. 
'Purbeck Beds. 
Portland Beds. 
Kimeridge Clay. 
Coral Rag. 
Oxford Clay. 
Cornbrash. 
Forest Marble. 
Great (or Bath) Oolite. 
Fuller's Earth. 
Inferior Oolite. 
LMidford Sands. 
/Upper Lias (Clay). 
J. Middle Lias (Marlstone). 
[Lower Lias (Clay and Limestone), 
Marl, Shale, and Limestone. 

/Keuper Marls. 
|_Bunter (New Red Sandstone). 
CRed Marl and Sandstone. 
J Magnesian Limestone. 
(Marl, Breccia, and Conglomerate. 

* The Permian system is sometimes classed as PalEeozoic. 

PalcBozoic or Primary. 

Carboniferous 

Devonian 
Old Red Sandstone. 
Silurian 
Cambrian 
Lauren tian 

Coal Measures. 
Millstone Grit. 
Carboniferous Limestone. 
Limestone and Sandstone. 

Limestone, Shales, Sandstone, and Grit. 
Grit, Conglomerates, and Slate. 
Gneiss. 

Usually, however, there are breaks in their continuity, due either 
to the fact that the whole country was not always submerged at the 
same time, or to the removal of certain formations by denudation. 
Thus we frequently, when boring a well, find primary or secondary 
rocks covered by tertiary or quaternary strata, the intervening 
formations being absent. Such breaks in the succession of strata 
are known as " unconformities." 

The sedimentary strata, though originally horizontal, are usually 
found more or less tUted. This tilting has been brought about by 
the contraction of the earth due to its gradual cooling. Just as the 
skin of an apple is shrivelled into folds as the apple dries and shrinks, 
so the hardened crust of the earth became contorted in its efforts to 
follow the shrinkage of the cooling interior. The crust has thus been 
bent into a succession of ridges and hollows, known as " antichnals " 
and " synclinals " respectively, the intervening strata sloping at 
varying inclinations toward the latter. The angle which the plane 
of stratffication makes with the horizontal is called the " dip " of 
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the strata. The dip varies greatly : in some places it m a y be only a 
few degrees, while the older rocks are often found steeply inchned 
or even vertical. 

Occasionally too the strata are torn across, the beds on one side 
being forced up above those on the other, with the result that the 
edges of older rooks abut on those of more recent formations. These 
dislocations are known as " faults," and the displacement varies 
from a few inches to thousands of feet. 

Unconformities and faults profoundly affect the distribution of 
the underground water. 

The surface of the land is being gradually wasted away. The 
slopes of the hills are disintegrated by frosts and scoured by torrents, 
and the material which is removed from them is pUed up in the 
plains or carried down to sea by the rivers. The resultant transfer 
of weight from one region to another sets up stresses, which gradually 
grow in intensity until by and by the crust gives way and adjusts 
itself to the new distribution. The recent earthquakes in Northern 
India were caused in this way. In Great Britain the displacement 
of material does not take place on so vast a scale, and severe earth
quakes accordingly do not occur. 

In addition to the gradual displacement of the sedimentary rocks 
due to the contraction of the earth's crust and other causes, they 
have been subjected here and there to violent disturbance by the 
intrusion of great masses of igneous or Plutonic rock, thrust up from 
the interior. These igneous rocks, which include granite, gneiss, 
greenstone, basalt, and trap, are not stratified, but they are inter
sected by joints, which often resemble the planes of stratification. 

The intrusion of a mass of molten rock through the older sedi
mentary rocks profoundly modifies the sedimentary rocks. In 
addition to the dislocation and tUting which they undergo, then-
nature is usually altered by the heat and pressure to which they 
are subjected. Rocks which have been modified in this way are 
known as " metamorphic " rocks. 

The different formations vary greatly in their water-bearing 
capacity. Some, such as sandstones and chalk, are porous and 
permeable. Others, hlce clays, shales, slates, and granites, are 
impermeable, but m a y in some cases be intersected by joints, 
fissures, or caverns which hold considerable quantities of water. 
Among the more important water-bearing formations are the valley 
gravels, Bagshot sands, Woolwich and Reading Beds, Chalk, Green
sand (upper and lower). Oolite, Midford sands, N e w Red sandstone. 
Carboniferous Limestone, and the Devonian or Old Red sandstone. 
Not only does the amount of water yielded by the different formations 
vary greatly, but the quality of the water will also depend on the 
nature of the rock from which it is derived. A knowledge of 
geology is therefore of great importance in selecting a source of 
supply. 

The geological structure of the British Isles is shown by the maps 
and sections which are pubhshed by the Geological Survey Office. 
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Maps may be obtained to a scale of 1 inch to a mile, showing 
either the underlying formations or the superficial deposits which 
cover them. These maps show the lines of the faults, and the 
direction of the dip is indicated by arrows. 

Practically the whole of Wales and that part of England to the 
west of a line running south from the mouth of the Tyne to the 
mouth of the Exe are covered by the Primary or Palaeozoic forma
tions, with occasional masses of basalt, granite, and other igneous 
rocks. East of this line we find successively secondary, tertiary, and 
quaternary strata. 

Although the Palteozoio rocks are the lowest in geological sequence, 
the areas which they occupy comprise the highest ground, the newer 
formations having been deposited in the depressions between the 
older mountain masses. Generally speaking, the older the strata, 
the bolder and more rugged will be the configuration of the district, 
whUe the softer formations of later date are characterised by plains 
and gentle slopes. 

The upland gathering grounds are almost invariably situated 
on the older rocks, whUe most of the underground supplies are 
obtained from the later ones. 

The underground sources of water are fed by percolation from the 
surface, the amount of such percolation depending on the nature and 
slope of the ground and also to some extent on the time of year. 
A steeply sloping impervious surface wUl throw off nearly all the 
rain-water which it receives. Undulating ground on chaUc or sand, 
on the other hand, wUl.absorb the greater part of the rainfall. One 
m a y travel for mUes across such country without seeing a stream or 
even a ditch, for the water sinks into the ground so freely that there 
is none left to run off. 

A n underground source, unhke a surface source, provides its own 
storage, for the interstices of a water-bearing stratum constitute a 
vast underground reservoir. It is constantly fed by percolation 
from the surface, and it discharges its surplus water in the form of 
springs. The surface of this underground water is known as the 
" water-table," or plane of saturation. It is not horizontal, for the 
interstices of the rock offer considerable resistance to the fiow of 
water, the surface of which accordingly slopes from the higher 
ground toward the outlet springs. Nor is it constant, for it rises 
after heavy and long-continued rain and falls during a drought. 

Bournes. It is this rise and fall of the water-table which causes 
the " bournes," or intermittent streams, which occur in chaUc 
districts intersected by valleys at or near the level of the under
ground water. Ordmarily, perhaps for years at a time, the plane 
of saturation is below the bottom of the valley, which is accordingly 
dry ; but after heavy and long-continued rain the water level rises, 
and the water, unable to pass quickly enough to its usual distant 
outlets, breaks out and fiows down the valley. 

Springs. Springs, as already stated, are the natural outlets for 
underground water, and their presence and character are determined 



106 WATER SUPPLY 

by the geological structure of the district. Springs are formed 
where, as shown in Fig. 11, a permeable stratum of sand or gravel 
rests on a bed of clay. The rain which falls on the permeable 
upper stratum sinks down into the ground until it comes to the clay, 
and, travelling down the sloping surface of the latter, breaks out at 
the junction of the strata at A. If the line of outcrop is level or 
nearly so, there will be a succession of small springs, or the water 
may merely weep out through the ground. If, however, there is a 
low point in the top of the clay where it comes to the surface, the 
water will issue as a defined spring. W h e n the permeable stratum 
is wide, the quantity of rain soaking into it m a y be so great that it 
will head up in the pores of the ground, as shown by the broken Une, 
until it reaches the higher edge of the junction of the strata at B, 
where also a spring or fine of springs will be formed. The discharge 
of these, however, will not be so copious or so constant as that of the 
springs on the other side of the ridge. 
The case shown in Fig. 11 is a simple one. Often the rain

water sinks deep into the ground and travels a long distance by 
devious courses before finding an outlet. In so doing, it m a y pass 
from one stratum into another and flow through a succession of 

FIG. 11.—SPRINGS. 

joints and fissures. O n the other hand, a river which flows over 
permeable or fissured strata may lose much of its water in the ground, 
or, as in the case of the Mole in Surrey or the Manifold in North 
Staffordshire, m a y disappear altogether, and emerge some mUes 
away. 

Spring water is usually cool, the ordinary temperature of springs 
in this country ranging from 47° to 51° F. OccasionaUy, however, as 
at Matlock, Buxton, Clifton, and Bath, the water is warm, the hot 
springs at Bath having a temperature of from 104° to 120° F. Such 
waters always rise from a great depth, the sources of the Bath 
springs, for instance, being believed to be in the Carboniferous 
Limestone, about 3500 feet below the surface. 

The temperature of the upper layers of the ground varies with the 
season, but at a depth of 50 feet or thereabout the temperature is 
constant, in this country usually about 54° P. Below 50 feet the 
temperature steadUy rises, at the rate of 1° for every 50 or 60 feet. 
The temperature of a spring therefore affords some indication of the 
depth from which it rises. If the temperature of the water is not 
constant, but varies from month to month, it is obviously derived 
from shallow and possibly polluted sources. Seasonal fluctuations 
in flow are also a danger signal. 

Wells and Boreholes. Portsmouth obtains from eight to ten 
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ĉ" ^ ^ H H 

^ .-> .^^HH 
^ ^ ^ ^ IFac 

t 
o 
t> 

-a 

1 
6 
£ 

1 O 
g> 
S 
»: 3 

a} 

!z; 
o 
a 
o 
h4 
W 
a 
o 
C3 
w H 
o 
H 

! O 1 f 
I CO 

•"• 

C5 

£ 

7i(? p. 1 0 7 . 



HYDRO-GEOLOGY 107 

mUlion gallons per day from springs in the chalk, but this is an 
exceptional case, and sprmgs are seldom met with in such volume 
as to afford an adequate supply for a large town. Where therefore 
an underground source is to be utUised, it wiU generally be necessary 
to sink a well. The depth to which wells are sunk varies from a few 
feet to I500_ feet or more. The distinction between a shallow and 
a deep well is not necessarUy a matter of actual depth, for the term 
" shaUow " is often used to denote a well which is sunk in porous 
strata and derives its water from the rainfall on the surrounding 
ground, a " deep well" being one in which the water-yielding stratum 
is covered by an impervious bed. According to this classification, 
well A in Fig. 12 would be a shallow one, and well B a deep one, 
although the actual depth of the former is greater than that of the 
latter. 
OccasionaUy, as in the London Basin (Fig. 13), the strata form a 

synchnal, or trough, the bottom of which is below the level of the 
exposed surfaces of the pervious formations from which the supply 
is drawn, and in the basin itself these formations are overlaid by 

FIG. 12.—SHALLOW AND DEER WELLS. 

a bed of clay. In such a case the water is stored in its under
ground reservoir under pressure, being held down by the clay, and 
when the latter is pierced by a bore-hole, the water wiU rise and 
may even overflow. Bore-holes in which this takes place are 
known as " artesian weUs," from the old French province of Artois 
(Artesium), in which such borings were common. 
In the case of London the water-bearing formations are the Chalk 

and the Upper Greensand, which cover, within a radius of 30 mUes, 
an area of 849 square mUes, at an elevation of from 400 to 800 feet 
above sea-level. These formations are overlaid by a thick bed of 
impervious London Clay, which effectually prevents the upward 
passage of the underground water. When the first boreholes were 
sunk in the London area, the water rose above the ground level, 
but prolonged pumping from the many subsequent borings has 
lowered the plane of saturation to 200 feet or more below sea-
level. In other cases the water has never risen in the bore-holes, 
but these are nevertheless often described, though incorrectly, as 
" artesian wells." 
It will not as a rule suffice to sink a well or boring which just 

reaches the top of the formation from which the water is to be 
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drawn, for the amount of water which will percolate through each 
square foot of rock is limited, and it may be necessary to expose a 
large surface before the desired supply is obtained. The well must 
therefore be sunk some depth into the water-bearing stratum, and 
in order further to increase the exposed surface adits are sometimes 
driven horizontaUy for some distance from the bottom of the well. 
This plan is often adopted in the case of wells in the chalk. 
The yield of a borehole m a y sometimes be increased by blasting. 

At Wirksworth (Derbyshire) a borehole ranging from 16 to 14| inches 
in diameter was sunk to a depth of 201 feet in the Upper Kinder-
scout Grit, with disappointing results. Two charges of gehgnite 
were exploded in the borehole, one at a depth of 150 feet below 
ground level, and the other at the bottom. On a 14-day test which 

FIG. 14.—CONE OV EXHAUSTION. 

was subsequently carried out the borehole yielded 90,000 gaUons per 
day. 

In a homogeneous water-bearing formation the water will flow 
in every direction toward the well at a velocity increasing as it 
nears the latter, and consequently has to move on a narrower front. 
To obtain this greater velocity the slope of the water in the ground 
must be correspondingly steepened, with the result that the surface 
of the water assumes the form of an inverted cone, known as the 
" cone of exhaustion " (Fig. 14). Where the water is obtained 
from joints or fissures, the configuration of its surface m a y be very 
irregular, but the extent to which it is drawn down wUl always 
increase towards the weU. 

The level at which the water stands before pumping begins, and 
to which it subsequently returns, is caUed the " rest level." As 
pumping proceeds, the water-level near the well is steadUy drawn 
down untU an equihbrium is reached at which the supply is main
tained without any further lowering. Where the sanction of the 
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Ministry of Health is sought to a scheme mvolving a supply from a 
well, the Ministry are accustomed to call for a continuous pumping 
test extending over a period of a fortnight, at the end of which the 
water should return to its original level. 

The underground reservoir which is tapped by a well or boring 
often extends over a very wide area, and may contain several years' 
supply. The yield of a well is therefore not affected by droughts 
to the same extent as that of a surface source. Long-continued 
pumping may, however, result in a steady lowering of the under
ground water. Between 1850 and 1910 the average faU in the 
level of the water-table in the London Basin was about 1-4 feet 
per annum. Since 1910 it has increased to something like 4 feet 
per annum. 

It often happens that before an adequate supply of good water is 
obtained a well passes through one or more permeable beds furnish
ing water which, by reason of its saltness or other impurity, is not 
fit for use. In such a case the well must be lined (with steel tubes 
in the case of a boring, or with cast-iron cyhnders or brickwork in 
cement mortar in that of a large well) to exclude the unsuitable 
water. In hard rock, in the absence of any water which it is desired 
to shut out, a lining may often be dispensed with, but a well or boring 
through clay or sand must always be lined to hold up the sides. 
Where water is obtained from a bed of fine sand, great difficulty 

is sometimes experienced in keeping out the sand. At Biggleswade, 
where the supply comes from the Lower Greensand, this difficulty 
was overcome by piercing the cast-iron cyhnders with which the well 
is fined with 720 holes, in each of which a strainer consisting of a 
dozen wire-mesh sheets is placed. 
VaUey Gravels. The flow of water down a valley does not as a 

rule take place only in the actual channel of the river, for the floor 
of the valley is usuaUy occupied by aUuvial deposits, largely com
posed of gravel or other permeable material. In addition, there
fore, to the visible flow down the river, there is generaUy an under
ground flow through the valley gravels, the volume of which is often 
very considerable. In tropical countries the whole flow of a river 
not infrequently takes place underground, its bed being dry, except 
perhaps during the rainy season. 

It wiU often be possible to obtain an abundant supply of good 
water from this underground flow. Unless the weUs are near the 
river, or the rate of pumping is excessive, such water wiU not as a 
rule be drawn from the river, but may have traveUed underground 
for many miles. It wUl therefore not be affected by the various 
poUuting discharges which find their way into the river ; but, unless 
the water-bearing stratum is covered by a layer of clay, it may be 
exposed to contamination from the surface. 

Richmond, Surrey, has long drawn a part of its supply from a 
shaUow weU sunk in the gravel near the Thames, and it is now 
about to sink additional weUs. The water is sterihsed with chlorine 
before it is pumped into the mains. 



CHAPTER XI 

QUALITY OF NATURAL WATERS 

THE quahty of a water depends on its previous liistory. AU water, 
from the moment of its formation in the clouds, collects impurities, 
some harmless, and others of an offensive or even dangerous char
acter. The term " purity," therefore, as apphed to a natural 
water, must be understood in a relative, and not in an absolute, 
sense. 
Most waters, before they reach the consumer, have been exposed 

to a greater or less amount of contamination, but in the majority 
of cases they have also undergone a more or less complete puri
fication by natural agencies. 

STJBFACE WATERS 

Upland Gathering Grounds. The water from an upland gathering 
ground is usually of excellent quahty, but when the ground is 
peaty the water wUl be brown, and may contain organic acids 
which act on pipes and are otherwise objectionable. Peat-covered 
moors should therefore be avoided in a collecting area, and all peat 
should be stripped from the area of the actual reservoir. Culti
vated land, farmyards, and human habitations are always sources 
of contamination, and with a view to getting rid of them a water 
authority wUl often purchase the whole or the greater part of its 
gathering ground. In such a case the land is often planted with 
trees, with the object of getting a revenue from the sale of the 
timber, and in some cases doubtless in the hope of conserving tlie 
rainfall. 

Rivers. Water from a moorland stream which is not unduly 
peaty and which does not contain the washings from cultivated 
land will generally be wholesome, but as the stream flows on and 
collects the drainage from manured fields, farmyards, and roads, 
it becomes progressively fouler. Most rivers too receive the sewage 
from towns or the waste water from factories, either in a crude 
state or after a more or less efficient purffication. As the result 
of these cumulative pollutions many of our rivers, especially in 
the manufacturing districts of Lancashire and Yorkshire, became 
offensively foul. 

Thanks to the efforts of the Local Authorities, stimulated and 
guided by the Rivers Boards, a notable improvement has been 
effected in the rivers of our industrial areas, but they are still far 
from being fit sources for a domestic supply. Outside the manu-

110 



QUALITY OF NATURAL WATERS 111 

facturing districts, however, most of our larger rivers furnish 
water for the supply of one or more of the towns past which they 
fiow. None of these rivers is exempt from pollution, but where the 
amount of impurity is not too great they usually show a surprising 
improvement in the course of a few mUes. A river, especially if 
it has a brisk flow over gravelly shallows, is a very efficient oxidiser, 
and it is often difficult to detect any trace of poUution very far 
from the point at which it takes place. The question of the abihty 
of a stream to purffy itself formed at one time the subject of a 
lively controversy. O n the one hand. Dr. Tidy contended that a 
river containing as much as five per cent, of sewage would be 
purffied by natural oxidation in the course of 10 or 12 miles. Sir 
Edward Frankland, on the other hand, maintained that a flow of 
200 miles would not bring this about. As the result of exhaustive 
inqiiiries, the Rivers PoUution Commissioners reached the conclusion 
that "there is no river in the United Kingdom long enough to effect 
the destruction by oxidisation of sewage put into it at its source." 
Much, of course, depends on the magnitude of the pollution in 
relation to the volume of the river, and on the character of the 
river itself. 

W h e n water is taken from a river for domestic use the mtake 
should be placed well out in the stream, for contaminating mflows 
tend to hug the bank, whUe the water midstream may have 
traveUed many miles without being subject to any fresh pollution. 

It is perhaps not generaUy reahsed how slowly the various streams 
which make up the flow in a river mix together and how long they 
maintain their identity, but where the colour of the water in a 
tributary is different from that in the main stream, the two waters 
m a y often be distinguished for mUes below their confluence. For 
this reason the water in the centre of a large river wUl often be 
comparatively pure in spite of the pollution which it receives along 
its banks. 

Lakes. The water from a great lake is usually very pure. Not
withstanding the fact that most of the cities situated on the Great 
Lakes of North America discharge their sewage into them, &e 
lakes are so vast that for many years the pollution of the water 
supplies was barely perceptible. As the cities grew, the sewage 
pushed its way further and further out into the Lakes, and out-
iDreaks of typhoid fever ensued. With the object of avoiding con
tamination, the water intakes were progressively extended. The 
Cleveland intake is now about five mUes long. With every pre
caution lake water must always be regarded with suspicion, and 
the need for fUtering or chlorinating it is now generaUy recognised. 

Small bodies of water, such as ponds, cannot be regarded as 
fit sources of a domestic supply. 

Underground Waters. Public water supplies from underground 
sources are usuaUy drawn from a considerable depth, and in the 
majority of cases from water-bearing formations which are covered 
by impervious strata. Such supplies are often derived from upland 
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gathering grounds many mUes away, and the water has conse
quently travelled a long distance underground, and in so doing has 
undergone a very thorough filtration. Such water will often show 
signs of previous contamination, but the source of pollution is 
generally so remote and the filtration through the ground so perfect 
that the water will require no further purification. It should not, 
however, be taken for granted that because a water has travelled 
underground it has necessarUy been filtered, for instead of per
colating through the pores of the rocks it may have travelled 
through fissures, such as are common in the chalk and other lime
stone formations. 

A notable instance of the conveyance of disease by underground 
water occurred at Lausen, a village in Switzerland, in August 1872. 
Lausen obtained its water from a sprmg, which was supposed to 
be fed from the Fuhler brook, in the next valley. This brook 
runs past a farmhouse, at which four cases of typhoid had occurred 
some time before. In order to ascertain the source of the spring, 
eighteen hundredweight of common salt was placed in a hole in 
the bed of the brook, with the result that the water of the spring 
became brackish. Two and a haU tons of flour were then mixed 
with water, which was poured into the hole. N o flour appeared 
at Lausen. It was evident therefore that the water had filtered 
through the mountain which separates the two valleys, but that 
the filtration, while sufficiently good to keep back the particles of 
flour, was not able to remove typhoid germs. 
Much of the water consumed in Liverpool was formerly obtained 

from deep boreholes in the N e w Red Sandstone. W h e n in course 
of time some of these were disused, they served as very convenient 
soakaways, incidentally contaminating all the underground water 
for some distance around. 

A curious instance of pollution occurred at Mere, Wiltshire. 
The water is pumped from a well about 50 feet deep in the Lower 
Chalk, and is usually of excellent quahty. A few years ago heavy 
oU engines were installed in place of the original gas engines, and 
by an unfortunate accident halt a ton of heavy oil was upset near 
the top of the well. As it happened, a second well had recently 
been sunk 50 yards south of the first, and this well, which was not 
contaminated by the oil, maintaiaed the supply. 

Where the well or borehole is of no great depth, and the water
bearing formation is not covered by an impervious stratum, a 
" protective area " should be acquired, extending sufficiently far 
around the well to prevent all risk of surface pollution. 

Water which has travelled a long way underground usually 
contains large quantities of soluble salts, dissolved from the rocks 
through which it has passed. These often render the water hard, 
but they do not as a rule affect its potabUity. 

Shallow WeUs. Shallow wells of the ordinary khid are peculiarly 
liable to pollution. They are fed by the rainfall on the surround
ing ground, which carries down with it all kinds of polluting matter 



QUALITY OF NATURAL WATERS 113 

from the surface. They are usually sunk in gardens, near cottages, 
where the ground is fouled with slop water and possibly manured. 
The soakings from pigsties and ashpits often find their way into 
the wells, and if there are any drains or cesspools in the vicinity, 
these are probably leaky. 

In country districts, however, especially in the case of isolated 
cottages, shallow wells and the roofs of the houses are often the 
only avaUable sources of water. Where this is the case, every 
possible precaution should be taken to safeguard the purity of the 
supply. 

In the first place, the site should be carefully chosen, as far as 
possible from sources of pollution, and, where these are unavoid
ably present, above them and not below. The well (Fig. 15) should 
be lined with brickwork in cement mortar, surrounded with well-

FiG. 15.—SHALLOW WELL. 

puddled clay, so that water may only enter it from the bottom. 
It should be carried up above the ground level and covered with a 
concrete top, sloping outward. The water should not be dipped 
from the weU, or it will be hable to be fouled by dirty buckets. 
A pump should therefore be provided. Notwithstanding every 
precaution the water from a shaUow weU cannot be regarded as 
safe, and for drinking and cooking purposes the rain-water from 
the roofs should be used. 

Abyssinian Tube Wells. The Abyssinian Tube W e U affords a 
convenient means for obtaining a supply of water for a small 
community. It consists of a steel tube, from 1| inches to 4 inches 
in diameter, driven into the ground, with a pump screwed on to 
the top. The tube, the lower end of which is fitted with a steel 
point, and is perforated for a length of two or three feet, is driven 
into the ground by means of a " monkey " untU the water is reached. 
A tube well usuallv costs less than a dug well of the same depth. 
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and inasmuch as the ground is not disturbed, the water is less hable 
to pollution from the surface. 

Comparison of Sources. The Rivers PoUution Commission, 
appomted in 1868 to mquire mto the best means of preventmg 
the poUution of rivers, devoted a great deal of attention to the 
various sources of potable water. In their Sixth and Final Report, 
issued in 1874, they classified these sources "in the order of 
their excellence " as follows :—• 

(l-^^^e'^f^^ I Very palatable. 
Wholesome 4 2. Deep well water / •' ^ 

[3. Upland surface water jModerately palatable. 
„ . . f 4. Stored ram water j 
buspioious |g Surface water from cultivated land ] 
„ r 6. River water to which sewage gains access [Palatable. 
Dangerous | 7_ Shallow well water ) 
" We would further enforce," they continue, " this concrete result 

of our inquiries by urging that preference should always be given to 
spring and deep well water for purely domestic purposes, over even 
upland surface water. And we do this, not only on accoxmt of the 
much greater intrinsic chemical piu-ity and palatabihty of these 
waters, but also because their physical qualities render them pecuharly 
valuable for domestic supply. They are almost invariably clear, 
colourless, transparent, and brilUant—quaUties which add greatly 
to their acceptability as beverages, whilst their uniformity of temper
ature throughout the year renders them cool and refreshing in 
summer and prevents them from freezing readily in winter. Such 
waters are of inestimable value to communities, and their conservation 
and utilization are worthy of the greatest efforts of those who have 
the public health under their charge." 
Every source of water, no matter how remote the possibUity of 

pollution, should be regarded as suspicious until it has been 
definitely proved to be safe. The fact that no case of_ disease has 
ever been traced to the water is no guarantee of its purity, for such 
immunity m a y merely be due to the circumstance that no infective 
matter has found its way into the water. The way has been open 
to poUution, but as in the case of Lausen, aheady referred to, the 
pollution has not always been there to take it. SimUar instances have 
occurred in this country. At Maidstone, in 1897, and at Lincoln, 
in 1905, waters which had always been regarded as good caused 
disastrous epidemics of typhoid fever when the excreta from 
infected persons found their way to thek sources. 

Choice of Source. A water supply must be ample, and if the 
choice lies between two sources, one furnishing water of unex
ceptionable purity, but inadequate in volume, and the other a less 
satisfactory water in the requisite quantity, the latter must be 
selected, for no matter how excellent the water m a y be, a source 
wUl be useless U it wUl not furnish the amount of water required. 
Fortunately, means are not lacking whereby water of doubtful 
purity, or worse, m a y be rendered safe for use. But for these the 
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casualties among our soldiers in the Great War, terrible as they 
were, would have been swollen enormously by deaths from enteric 
fever and other intestinal diseases. Rarely in the history of war 
have armies been compelled to make use of such poUuted waters, 
and never have they been so free from water-borne disease. 

Gravitation v. Pumping. A n engineer has often to choose between 
two sources, one of which affords a supply by gravitation, whUe 
the water from the other has to be pumped. Other things being 
equal, the gravitation source will naturally be preferred. If, how
ever, as not infrequently happens, this source is much further 
from the area of supply, it will be necessary to weigh the cost of 
p u m p m g the water against the interest on the greater cost of the 
longer main. 



C H A P T E R XII 

PURIFICATION 

THE word " purffication," when used in connection with water, 
has not the same meaning as it has in the case of other commodities. 
It usually signifies the removal of any impurities which the com
modity may contain. In the case of water it is not a question of 
taking out its impurities. It is not as a rule either necessary or 
practicable to do so, for a water containing substances which render 
it poisonous or otherwise objectionable has rarely to be utilised 
for domestic purposes. 

The danger from a polluted water lies, as aheady pointed out, 
in the possible presence of the germs of disease. The purffication 
of such a water consists therefore in the removal or destruction of 
any pathogenic organisms which it may contain. This m a y be 
effected either by mechanical or chemical treatment or by the 
application of hght or heat. 

Mechanical Purification. River-water is hable at times to con
tain m u d and other suspended matter. This can be removed either 
by sedimentation (or settlement) or by straining (or filtration). 

Settlement. If water is allowed to remain undisturbed in a 
natural lake or in a tank or reservoir, its suspended impurities 
graduaUy sink to the bottom, leaving the supernatant water clear. 
The River Rhone, which enters the Lake of Geneva as a turbulent, 
muddy stream, deposits its burden of silt in the lake and emerges 
clear and sparkling. The same thing takes place in the Great 
Lakes of North America. The water which is drawn from the 
rivers Thames and Lee for the supply of London is stored for 
months in great artfficial reservoirs at Staines, Chingford, and 
elsewhere. Water so stored deposits not only its m u d and other 
suspended inorganic impurities, but also most of the bacteria which 
it may contain. Not oiUy so, but the lack of suitable food, the low 
temperature, and the competition of other and harmless organisms, 
which are more at home in the conditions met with in such a reser
voir, all militate against the multiplication of pathogenic bacteria. 
Storage provides yet another safeguard against water-borne infec
tion. The poUution of water by the germs of disease is usually 
local and transient. If the polluted water is mixed with a vast 
body of clean water, the pathogens will be so dispersed as to be 
incapable of conveying disease. 
Many experiments have been carried out with the object of 

ascertaining what happens to disease germs when these are intro-
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duced into water. Professor Zeit placed typhoid bacUU hi water 
from Lake Michigan and in water from the Chicago River. In the 
lake water they disappeared in eight days at the most; in the 
river water they survived only three days. The late Sir Alexander 
Houston, Dhector of Water Examination to the Metropolitan 
Water Board, carried out a long series of- experiments with the 
waters of the Thames, the Lee, and the N e w River. In one experi
ment 475,000 typhoid bacUU per cubic centimetre were placed in 
the water : at the end of one week there were only eighty per cubic 
centunetre, and a week later eleven. Only two survived a thhd 
week. In order to demonstrate his faith in storage as a means of 
destroying the pathogenicity of disease germs, he drank half a 
pint of Thames water which had been purposely contaminated 
with urine known to contain myriads of typhoid bacUU, and which 
had then been aUowed to settle for 24 days. The number of bacUh 
per half-pint previous to settlement was computed at 218,680,000. 

Houston found a considerable advantage in passing water 
through a smaU settlement reservoir on its way to the large storage 
reservoirs. A marked improvement was brought about by settle
ment for 15 or 16 hours, the number of bacteria being reduced by 
from 30 to 40 per cent, and the ammoniacal nitrogen by about 
20 per cent. StUl better results were obtained when the water 
was dosed with a small quantity of alumino-ferric. 

Tastes and Odours. While storage thus provides a valuable 
safeguard against the communication of disease, it affords an 
opportunity for the growth of algse and other vegetable organisms, 
and these, when they die and decay, often impart a very un
pleasant taste to the water. A typical mstance of trouble from 
this cause is recorded by the Medical Officer of Health for 
Bedford. 
" During the simuner (of 1931) there was a recurrence of the trouble 

from the growth in the new^ storage reservoirs of algss, consisting of 
various kinds of diatoms. These were mostly of the genus synedra, 
and in some cases cyclotella was present in large proportion. The 
presence of algal growth in large amounts renders filtration very 
difficult and may even make it quite impossible to filter at adequate 
speed. There is in addition a risk that some forms of algae may pass 
through the filters and give rise to colour, taste, and smell in the 
filtered water." 

With a view to checking such growths the water is sometimes 
treated with a minute dose (say 1 part in 10 mUlions) of sulphate 
of copper. The salt is placed in a canvas bag and towed behind 
a boat, which is rowed in a zigzag course covering the whole surface 
of the reservoir. 

Tastes and odours, whether due to decaying organic matter or to 
chlorine, m a y be removed from water by the addition of a minute 
quantity of activated carbon. The value of charcoal in water 
purffication has long been recognised, but it is only within the last 
twenty years that activated carbon has come into use. This 
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material is very light, a cubic foot of it weighing only 16 lb., and so 
fine that 94 per cent, of it wiU pass through a 200-mesh screen. It 
therefore presents an enormous surface to the water, and remains 
in contact with it for a long time before setthng out. It is often 
used in connection with pressure filters. A n ordinary dose is from 
8 to 24 lb. per mUlion U.S. gaUons, or from one to three parts per 
miUion. 

Turnover. Where water is stored in large reservoirs a seasonal 
difficulty is often experienced which is weU described by Hawksley, 
Nicholson, and B U h a m in a paper read at the Summer Meeting 
of the Institution of Water Engineers in M a y 1933. 
" Under normal conditions during the summer the mass of water 

in a reservoir exists in more or less well-defined zones; the water 
at or near the surface, being warm and exposed to the light, is gener
ally rich in algae and saturated—often supersaturated—with oxygen; 
the middle zone (from about 6 ft. to 18 ft. from the sm-face), being 
cooler and comparatively dark, shows less algal growth, but is usually 
saturated or nearly so with oxygen; while at the bottom (22—24 ft.), 
where the water is cold and stagnant, and where light does not 
penetrate, the deposit of organic matter undergoes anaerobic decom
position by bacteria. This bottom zone is rich in organic matter, 
deficient in or even quite devoid of dissolved oxygen, and almost 
always possesses a very unpleasant putrefactive odour. 
" These conditions are quite normal, and give rise to no difficulties 

when water from the middle zone or from near the surface is drawn on 
for treatment. If, however, a sudden change of climatic conditions 
occurs, such as a sharp and considerable fall in temperature—^particu
larly if this is accompanied by strong wind—what is commonly 
called a ' turnover ' m a y be brought about in which the definite zones 
are destroyed and the bottom zone of unpleasant-smeUing water 
becomes distributed throughout the bulk. 
" This condition is an almost inseparable disadvantage of storage 

of raw water in open reservoirs and entails a constant watch on the 
character of the water at such times as a ' turnover ' is likely to 
occur." 

PlLTEATION 
The ordinary method of purffying a poUuted or doubtful water 
is by filtration. The filter usually consists of a bed of fine sand, 
with a bottom layer of gravel or broken stone, resting on a floor 
of open-jointed brickwork. The size of the sand should be uniform 
throughout the filter. The " effective size " of the sand which is 
used at the Metropohtan Waterworks is about 1/70 inch, and a 
finer grade is often employed. The " effective size " of sand is 
the diameter of the largest particles in the finest 10 per cent, of 
the whole. The depth of the sand is usually not less than 2 feet 
and is sometimes as much as 4 feet, exclusive of the thickness of 
the layer of coarse material on which it rests. 

The surface of the filter is always fiooded to a depth of a foot 
or more, and the level of the water below the outlet is kept at 
about that of the top of the sand in the bed. 
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Clean sand, however fine, will not keep back bacteria, but the 
surface of the filter soon becomes covered with a film consisting of 
the fine particles and colloidal matter deposited from the water 
and of bacteria, diatoms, algse, and other growths. It is this film, 
or " schmutzdecke," and not the sand, which constitutes the 
actual filter, in which the greater part of the work is done, and 
when once estabhshed it opposes so effective a barrier to the passage 
of bacteria that the number present in the water is reduced by 
98 per cent, or more. The film gradually thickens, with a conse
quent progressive increase in the resistance which it opposes to the 
passage of water, until a head of 3 or 4 feet is required to force the 
water through it. The filter must then be thrown out of work and 
cleaned. The film may be removed by scraping, but it is some
times so thick and tenacious that it can be rolled up like a carpet. 
The depth of sand removed at each cleaning varies from ^ inch 
to 3 inches, the average loss being about 1 inch. The depth of 
sand left in the filter should not be reduced below a foot, and a 
minimum of 15 inches is better. The dirty sand is placed on 
one side untU a quantity has accumulated, when it is washed and 
returned to the filter. The amount of water required for this 
purpose ranges from 0-3 to 3-0 per cent, of the total quantity 
filtered. A newly-cleaned filter should not be brought back into 
full work untU a fresh film has had time to form on it. 

The quantity of water dealt with by a filter is recorded in various 
ways, as the depth in inches per hour, the number of gallons or 
cubic feet per square foot per hour, or the number of gallons per 
acre per day. Baldwin-Wiseman stated in a paper read at the Insti
tution of Civil Engineers in 1910 that the quantity passed through 
eighty-six instaUations in Great Britain varied from 0-521 to 9-028 
gallons per square foot per hour, with an average of 2-322 gallons, 
or about 2|- mUhon gallons per acre per day. The quantity varies 
with the condition of the filter itself and with that of the raw 
water which is suppHed to it. The turbid water which comes 
down in time of flood can only be filtered at a slow rate and quickly 
clogs the filter. Don and Chisholm, in their " Modern Methods of 
Water Purffication," say that in one case the filters had to be cleansed 
every other day, whUe in another they ran for 250 days without 
cleansing. The average period was about twenty-eight days. The 
settlement of the water of the Thames and Lee in the great storage 
reservoirs of the Metropolitan Water Board has greatly prolonged 
the Ufe of their filters. 

Coagulation. The settlement of suspended and colloidal matter 
m a y be hastened by the use of a coagulant, such as sulphate of 
alumina, ferrous sulphate, or lime. The quantity required varies 
from J grain to 3 or 4 grams per gallon, depending on the sub
stance used and the character and temperature of the water. The 
coagulant, when dispersed through the water, forms a more or less 
gelatinous precipitate, which collects the finely divided particles 
into larger masses which settle more readily. It is essential that 
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the chemical be thoroughly mixed with the water and that ample 
time, not less as a rule than 4 or 5 hours, be allowed for settlement. 

The flocculation of suspended and colloidal matter depends to a 
great extent on the electrical state of the particles and that of the 
solution in which they are immersed, which m a y be controlled by 
adjusting the " hydrogen-ion concentration," or pH value, of the 
liquid. The optimum pH value varies, but appears to range from 
about 5-5 to 7-5. 

The question of coagulation and the design of mixing and settling 
basins are being closely studied in America. 

Prefiltration. The need for cleansing sand filters can also be 
reduced by subjecting the water to a preliminary filtration through 
roughing filters of coarse material. This method is used in many 
American mstallations, where the prelimmary filters are worked at 
a rate of 70 or 80 million U.S. gaUons per acre per day, with a 
consequent increase in the rate of workmg the sand filters which 
more than pays for the prehminary treatment. At the Kempton 
Park works of the Metropohtan Water Board, where rapid filters 
are in use, the average rate of fUtration through the sand fUters 
in 1933 was 13-77 gallons per square foot per hour. 

O n the European continent the Puech-Chabal system of succes
sive filtration is largely used. In this system the filtration m a y 
take place in as many as six stages, the size of the material being 
progressively reduced, with an increase in the depth and area of 
the filters. In a series of four filters dealing with water from the 
River Seine the particles of material passed through sieves with 
meshes of | inch, ̂  mch, ̂  inch and I inch respectively, the depths 
of the beds being 1 foot, 14 inches, 16 inches, and 16 inches. The 
areas of the successive fUters are approximately in the proportion 
of 1:1-5: 2-5 : 5. 

The water of the Elbe, from which Magdeburg draws its supply, 
is very liable to poUution, and is often heavily charged with sedi
ment. W h e n the sand filters had to treat this water without any 
prehminary filtration, they had to be cleaned every,few days, but 
since the instaUation of the Puech-Chabal filters they have worked 
for several months without cleansing. 

Rapid Filters. In America the slow sand filter, or " Enghsh 
filter," as it is sometimes called, is being generally discarded in 
favour of the rapid filter. The rapid filter resembles the slow sand 
filter in that the water is filtered through a bed of sand, but m 
other respects its construction and mode of operation are altogether 
different. The sand is somewhat coarser, ranging in effective size 
from 0-12 to 0-20 inch. The depth of the sand varies from 24 to 
36 inches, and is usually about 30 inches. It rests on a bed of 
gravel from 6 to 18 inches deep, disposed in layers ranging from 
about 2 inches in diameter at the bottom to about 0-10 inch at 
the top. The filtered water is collected by perforated pipes under 
the gravel or by channels formed in the floor, and covered by 
brass plates perforated with 1/16-inch or 3/32 holes. To enable 
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the filters to work at a rapid rate, the water is first treated with a 
coagulant, such as sulphate of alumina or ferrous sulphate. The 
chemical must be thoroughly mixed with the water, but instead of 
aUowing sufficient time for complete settlement, a Uttle of the 
flocoulent coagulant should be left to go on to the filters to form 
a film, which takes the place of the organic coating which forms 
on a slow sand filter. 

The fUters are washed with filtered water at intervals varying 
with the character of the water and the size of the sand. The 
average interval at Cincinnati is about 20 hours, and in other 
places as low as from 4 to 5 hours. The wash water is introduced 
through the collecting pipes or strainers, and passes up at a velocity 
of about 2 feet per minute through the sand, the particles of which 
are rubbed against one another and thoroughly cleansed. The 
dirty water overflows into troughs placed well above the level of 
the sand. In some installations the sand is flrst agitated by 
blowing in air at a pressure of from 3 to 5 lb. per square inch 
through the collecting system, but the present tendency is to dis
pense with air and depend entirely upon the water. 

The washing usuaUy takes 4 or 5 minutes, the amount of water 
required for the purpose being from 1-5 to 4 per cent, of the quantity 
filtered. 

A rapid fUter will deal with from 100 to 125 mUlion U.S. gallons 
per acre per day. The units are usually small, and enclosed in 
huUdings. 

Rapid filters are coming into use in this country. They are, as 
previously mentioned, in operation at Kempton Park, and a battery 
of rapid filters has recently been installed at Cheltenham. Pressure 
filters, however, are more frequently employed. 

Pressure Filters. A pressure fUter, or " mechanical filter," as it 
is often caUed, is identical in principle with an American rapid ffiter, 
but it is enclosed in a cast-iron cylinder, which m a y be 8 or 10 feet 
in diameter, and is worked under pressure. The water, with its 
dose of coagulant, enters the cyhnder at the top, passes down 
through the fUtering material, which is usuaUy selected sand or 
crushed quartz, and is drawn off from the bottom. The rate of 
filtration is often as high as 100 gaUons per square foot per hour. 

A filter worked at this rate soon picks up large quantities of sus
pended matter from the raw water, and the material in it must 
therefore be frequently washed. The intervals between successive 
washings wUl depend on the character of the water, but may be as 
short as a day or even twelve hours. The washing is done by means 
of a rapid reverse flow of filtered water, which is admitted through 
the outlet valve at the bottom of the filter, and, after passing up 
through the sand, drawn off through a waste valve at the top. In 
order that the sand m a y be thoroughly cleansed, it must be weU 
stirred so as to detach the deposits which have formed on its particles. 
This m a y be done either by first blowing compressed air into the 
filter through the collecting pipes at the bottom (as in the case of 



122 WATER SUPPLY 

an open rapid filter) or by mechanical agitation. In the latter case 
a vertical shaft, carrying revolving arms fitted with rakes, is placed 
in the centre of the filter. 

Opinions differ as to the merits of these two methods. It is said 
that when compressed air is used the air wiU take the lines of least 
resistance, leaving the more compact portions of the sand undis
turbed, but in reply to this it is pointed out that the air is intro
duced through so large a number of minute openings that it per
meates every part of the bed, and that a uniform and complete 
agitation of the sand is ensured. 

Forty-two filters of the mechanical agitation type are in use at 
Darlington, which draws its supply from the River Tees. In certain 
states of the river the water has a deep brown peaty discoloration, 
which the old slow sand filters were unable to remove. W h e n the 
pressure filters were first instaUed, aluminium sulphate was used as 
a coagulant, but this alone, even when added in large quantities, 
did not remove all the colour. Since 1929 sodium aluminate has 
been used in conjunction with the aluminium sulphate, a method 
which has been employed for some years in America, and is known 
as " double coagulation." Great benefit has resulted from the 
change. The quality of the filtered water is materiaUy improved, 
and the colour is entirely removed. Even with the worst coloured 
waters the filters wiU run for nearly a day without washing, and 
with average coloured water eight days. 

W h e n alumimum sulphate was used alone, the quantity of wash
ing water required averaged 8-59 per cent, of the total quantity 
filtered, whereas in 1932, with double coagulation, only 1-25 per cent. 
of the total was used. Minors, the Water Engineer, expected that 
in 1933 the quantity of washing water would be reduced to 0-75 
per cent. Comparative estimates showed that, taking aU capital 
charges into account, a saving has been effected by scrapping the 
old sand ffiters and instaUing mechanical filters in their place. 

Fig. 16 is a section of Messrs. Paterson's pressure filter, in which 
compressed air is used for agitation. 

Domestic Filters. Except in the case of water from a deep 
well or an upland lake or reservoir, the use of filters of one kind or 
another is almost universal, and the water supplied to the consumer 
is uniformly of excellent quality. In former years, before the 
public supphes were above reproach, domestic filters of charcoal 
or other porous material were largely used, but the majority of 
these were httle better than breeding-places for bacteria. More 
efficient types of domestic filter are now available, the Berkefeld 
and the Pasteur Chamberland being among the best known. The 
actual filter is a porous tube of porcelain or compressed kieselguhr 
(an infusorial earth), through the wall of which the water passes 
from the outside inward, leaving its burden of suspended matter, 
including the bacteria, on the outer surface of the tube. Such a 
filter is highly efficient, but although bacteria cannot be forced 
through the wall of the tube by the pressure of the water, they 
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FIG. 16.—PEESSUKE FILTER. 
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will in time grow through it, so the tube must be sterUised by 
boUing and brushed to remove the dirt at least once a week. 
Where the water is supplied by a modern water undertaking it 
wUl rarely, if ever, be necessary to filter it in the home, but in 
time of war, when water has to be taken from any source which 
m a y be avaUable, fUtration or some other mode of purffication is 
absolutely essential. At the outbreak of the late Great War every 
unit of the army was equipped with one or more water-carts, each 
fitted with a battery of filter candles of porous material. These, 
however, were soon abandoned and superseded by sterilisation 
with bleaching powder. 

Stream Line FUter. This remarkable filter, which was recently 
invented by Professor Hele-Shaw, is radically different from every 
other. It consists essentiaUy of some thousands of small sheets of 
speciaUy prepared paper, placed in a pUe in a metal container and 
pressed tight together. There are two sets of holes running from 
end to end of the pUe, one set forming the inlet to the filter and 
the other set the outlet. The liquid to be fUtered is admitted to 
the first set of holes and percolates between the sheets of paper 
to the second set, leaving any soUd particles which it may contain 
on the sides of the first set of tubes. 
B y pressing the sheets very tight together, results can be secured 

which cannot be obtained by any other mode of filtration. The 
colour can be removed from coloured water and about 30 per cent. 
of the salt from sea water. Milk yields a practically clear and 
tasteless hquid, and dirty oil is rendered clean and fit for use. 
Such a filter wUl of course remove all the bacteria from polluted 
water. 
STERILISATION 

In the case of waters of high organic purity, but subject to 
possible bacterial contamination, sterffisation is often resorted to. 
Sterihsation is the removal or destruction of organisms, and may 
be effected by filtration, as aheady described, or by the agency of 
chemicals, hght, or heat. 
Among the chemical substances which m a y be used for the 

purpose are ozone and chlorine (both gases), lime, bromme, iodine, 
permanganate of potash, and sodium acid sulphate (or Glauber 
salts). Of these the last four, whUe useful m certam circumstances, 
are not adapted for use on a large scale. 

Ozone. Ozone (O3) is an allotropic form of oxygen, produced from 
air by passing through it a sUent discharge of high-tension elec
tricity. The air must be dry, for if any water vapour is present, it 
wUl be decomposed, with the formation of hydrogen peroxide 
(HgOg). This substance also has germicidal powers, but it is hable 
to impart a taste to the water. In Paris water was sterihsed 
by the apphcation of 0-64 part of ozone per miUion. It was 
estimated before the W a r that a plant to sterihse a milhon gallons 
of water per day could be mstalled for about £3000, and that the 
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v/orking costs, includmg interest and depreciation, would not 
exceed 0-4d. per 1000 gallons. The process has been adopted at 
Nice and other European towns, and is under consideration at 
Leningrad. 
In 1931 the Metropolitan Water Board installed a trial ozone 

plant at their Barn Elms works, and they have since carried out 
many experiments both at this plant and in their laboratories. 
The results have been so satisfactory that the Water Exammation 
Committee have considered the desirability of experimenting with 
this mode of treatment at one or other of the Board's works, in 
order to obtain further experience on a much larger scale and under 
conditions of continuous working. 
In a report issued in 1933 they say :— 

" As regards sterilisation, chlorine and ozone are equally effective, 
and the question of the ultimate utilisation of one in preference 
to the other must therefore be examined in the light of other 
considerations. 

"The Board have been very successful with ehlorination, but 
the avoidance of taste troubles has only been achieved by the exercise 
of ceaseless vigilance. It is claimed for ozone that it not only avoids 
all taste troubles, but removes any existing taste (due to algal growths, 
etc.) in a water. Laboratory experiments confirm this contention, 
but it is unwise to generaUse from small-scale investigations. 

" The advocates of ozone sterilisation make various other claims; 
for example, that it leaves nothing in the water that was not there 
before, and that the treated water is rendered more attractive in 
appearance and more palatable. Certainly the Board's experiments 
prove that the reduction in the colour of the water is remarkable. 

" As regards cost, pre-ammoniation and ehlorination involve 
capital and working charges amounting to about 2s. Qd. per 1,000,000 
gallons. For ozonisation the cost varies according to the price of 
electricity, questions of head, quality of water, etc., and would 
probably be about £1 per 1,000,000 gallons. 

" This pronounced difference may seem an obstacle in the way of 
the adoption of ozone treatment generally, but when it is borne in 
mind that the cost of the purification of water is only a small per
centage of the total cost of running a water undertaking, and that the 
institution of ozonisation would only very sHghtly increase that 
percentage, in the case of the Board from perhaps 5 per cent, for 
ehlorination to 6 per cent, for ozonisation, it will be seen that the 
additional expense is inconsiderable if the latter process presents 
decided advantages over the former. 
" In the light of the experience already gained, we are of opinion 

that arrangements might weU be made for the instaUation at one 
or other of the Board's works of ozonisation apparatus of great«r 
capacity than the trial plant now at B a m Bhns. 

" Only by direct acquaintance with the system on a larger scale 
than is at present possible, can the Board acquire sufficient inform
ation on which to come to a conclusion eventually as to whether or 
not the adoption of the process would be justified on a still larger 
scale as an alternative to ehlorination." 

Chlorine. Chlorine is widely used either in conjunction with or 
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as a substitute for filtration. It is a gas at ordinary temperatures 
and pressures, but is usually supplied in steel cylinders in Uquid 
form. 

Chlorine, as many of our soldiers know to their cost, is a powerful 
irritant poison, so must be stored and handled with the greatest 
care. The quantity required to sterilise water is very minute, 
being often as Uttle as 1 part per million, or 1 gram to every 
14 gaUons of water, or even less. 
W h e n chlorine is added to water, a part of the chlorine is expended 

in oxidising any organic matter which may be present, and there 
must be a surplus left over to destroy the bacteria. A very smaU 
quantity of residual chlorine imparts an unpleasant taste to water, 
especially if phenol wastes are also present. Care must therefore 
be taken to leave no more chlorine in the water than is required to 
sterilise it, and to ensure that this is the case a very fine adjustment 
of the dosage is necessary. Appliances for the purpose are made 
by the Paterson Engineermg Company, and by Messrs. Wallace 
and Tieman, Ltd., both of London. 

In order to guard against incomplete sterUisation on the one hand 
and over-chlorination on the other, frequent estimations of the 
residual chlorine should be made. For this purpose a smaU quantity 
of a solution of ortho-tohdine in hydrochloric acid is generaUy added 
to the treated water, the amount of chlorine present being indicated 
by the colour produced. 
To obviate the need for such fine adjustment, the gas is some

times used in excess, the surplus being subsequently neutralised 
with sulphur dioxide or hyposulphites or absorbed by activated 
carbon. 

The risk of impartmg a taste to the water may be greatly reduced 
by the use of ammonia in conjunction with the chlorme. The two 
gases combine to form chloramine (C1'NH2), and it is believed that 
this prevents the chlorine from combining with the compounds 
which produce the tastes. Chloramine acts more slowly than 
chlorme, requiring from 4 to 6 hours for complete sterilisation. 
This deferred action is advantageous, as it prevents bacterial after
growths in the mains. 

Chlorine m a y also be used in the form of " Chloros," an alkaline 
solution of sodium hypochlorite containing from 10 to 15 per cent. 
of avaUable chlorme. 

Chlorine was extensively used during the war to sterihse the 
badly polluted waters which were met with in the field. As it was 
not practicable to equip the troops with expensive chlorinating 
apparatus or -with gaseous or liquid chlorme, the gas was usually 
obtained from ordinary bleaching-powder, which, when fresh, 
contains about one-third of its weight of avaUable chlorine. In 
stale bleaching-powder the proportion of avaUable chlorine is less. 
Simple but effective methods were worked out by means of which, 
after a little instruction, selected men were able to sterilise the 
water for their units. 
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Verdunisation. During the battle of Verdun there were present 
large numbers of troops from Indo-China who were subject to attacks 
of typhoid and amoebic dysentery, and these constituted a menace 
to the health of the French soldiers. The water was chlorinated, 
but its taste was so objectionable that it was found practicaUy 
impossible to use it. Col. P. Bunau-Varilla, the officer in charge of 
water supphes, accordingly decided to experiment with smaller doses 
of chlorme. H e found that if the chlorine, immediately on being 
added to the water, were violently mixed with it, as for mstance by 
passing it through a centrifugal pump, perfect sterihsation was 
obtained with about one-tenth of the quantity of chlorine which is 
ordinarUy used. The bacteria were destroyed before the chlorine 
could be wasted in oxidising the organic matter. N o taste of chlorine 
was imparted to the water, and the latter was thoroughly acceptable 
from a bacteriological standpoint. 

The quantity of chlorine ordinarily used at Verdun was 0-1 part 
per mUhon or, U the water was very dhty, 0-2 part. Under favour
able conditions this dosage can be considerably reduced : at Dieppe 
for instance 0-025 part of chlorine per mUhon has proved satisfactory. 

The advantages of this process, which is known as "Verdunisa
tion," are summarised as follows :— 

" (1) The use of very small doses, much, less than those reqiiired to 
destroy the organic matter in the water, obviates any danger from taste 
troubles. 

" (2) The process being an instantaneous one, it is not necessary to 
provide storage capacity for the sterilisation to take place. 

" (3) Since sufficient chlorme is not required to cope with the organic 
matter in the water, variations in its content do not affect the quantity of 
chlorinating agent reqiiired, which, once fixed for any particular water, does 
not require constant adjustment. 

" (4) The process is exceedingly cheap, and the apparatus required is 
very simple." 

Excess-lime Treatment. A simple but effective method of 
sterilising water by the addition of lime in excess was devised by 
Houston. W h e n water is softened with lime, the particles of hme 
faUing through it entangle and bear down with them a large propor
tion of the bacteria which are present, thus affecting a partial 
sterUisation. The amount of lime which is used in the ordinary 
process of softening is rather less than is needed to combme with 
the bicarbonates present. If, however, the lime is added in excess, 
the water will be completely sterihsed. Due time must be allowed 
for the lime to have its effect, and the excess lime must then be 
neutralised. This may be done by adding a little carbonic, sulphuric, 
or other suitable acid, to the water, but Houston has found that 
stored river water may safely be used for the purpose. Where 
a water has to be softened as well as sterilised, the excess-lime process 
wUl serve both purposes. Houston gives the cost of the lime 
required to sterilise London water as about 16s. per million gallons. 

Metals. Certain metals, notably copper and silver, have the 
power of degtroying bacteria or inhibiting their growth. Their 
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action, which is believed to be due to metaUic ions, formed the 
subject of a prolonged investigation carried on by Del6pine and 
Greenwood durmg the years 1894-1914, the results of which were 
described in a paper read .by them at the Blackpool Congress of 
the Royal Sanitary Institute in 1914.* They found that copper, 
sUver, zinc, cadmium, and mercury exert powerful inhibitory action, 
but that all bacteria are not affected by the same metal in the 
same way or to the same extent. 

The bactericidal action of copper vessels on water stored m them 
is weU known. 

Catadyn. Of late years attention has been directed to the steril
ising properties of sUver. In 1929 Dr. Krause, of Munich, mtro-
duced an activated form of silver to which he gave the name 
" Katadyn." -j- H e claimed that so minute a dose of this substance 
as 1 part in 100 mUUon would destroy the bacteria in water. 
H e proposed to achieve this by brmging the water into contact 
with surfaces to which the silver had been made to adhere, and for 
this purpose he prepared a quartz sand, the particles of which he 
coated with Catadyn sUver. The effective Ufe of a filter of Catadyn 
sand was said to be very considerable. 

The action of the silver is not immediate, a period of from 2 to 
12 hours being required after passage through the filter to effect 
adequate sterihsation. The process m a y be accelerated by aeration, 
and it takes place more rapidly when the temperature is raised. 
The treated water retams its bactericidal powers for long 
periods. 

The water treated must, however, be clear, bright, and colourless, 
for any suspended or coUoidal matter, iron, or sulphides impedes 
the action of the sUver and may also impair the filter. 

A n alternative method of using Catadyn has recently been 
introduced. The activated silver is deposited on electrodes, through 
which an electric current is sent, liberatmg the silver in the form of 
ions. This method has been adopted for the purffication of the 
water of swimming-baths, and is said to be highly effective for the 
purpose. I a m indebted to Mr. L. St. G. WUkinson, M.Inst.C.E., 
the Borough Engineer of Wallasey, for the following particulars of 
his 800,000-gallon bath. 

The plant, which was supphed by the Candy FUter Co., Ltd., 
cost £410, including sufficient sUver for three seasons of 120 days. 
The water from the bath is pumped through an insulated vessel 
containing 39 electrodes of pure silver, through which a direct 
current of electricity at two volts is passed. The plant is used on 
an average 12 hours per day, and the whole of the water is,sent 
through it in 8 hours. The average quantity of silver added to 
the water is about 2 oz. (Troy) per day, costing 9Q-3d. To this 
must be added 16-24(̂ . for the electric current, bringing the total 
working expenses to 9/4J(i. per day. Frequent bacteriological 

* Journal Roy. San. Inst., Vol. X X X V , pp. 316 et seq. 
f In this country the spelling " Catadyn " is more usual. 
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examinations are made of the water, and the results are uruformlj' 
excellent. The sUver imparts no smell or taste to the water. 

Much difficulty had previously been experienced from the growth 
of green algse, which, whUe harmless in themselves, made the 
bottom and sides of the bath 'dangerously shppery and discoloured 
the water. According to the Ministry of Health pamphlet on 
swimming-baths, these growths may be prevented by the use of 
chlorme, but this was not found to be the case at Wallasey. With 
Catadyn, however, although there was still a tendency for algal 
growths to form, they were much smaller than before, and were 
fixed less fiimly to the concrete surfaces, so were readily removed 
by a suction sweeper. 

Light. The ultra-violet rays of the solar spectrum exert a 
powerful germicidal effect. This property of the ultra-violet rays 
has been utUised m a compact and portable apparatus for sterUising 
water in the field. The water to be sterUised is subjected to the 
radiation from a Cooper-Hewitt mercury-vapour lamp. 

I a m not aware of any case in which this mode of sterilisation is 
appUed to a public supply, but it has been used in mmeral water 
plants and swimmmg baths in America. 
Heat. All bacteria and their spores are destroyed by exposure 

to a temperature of 212° F. If therefore there is any doubt as to 
the wholesomeness of a water, it may be set at rest by boiling it. 
This method, whUe useful in the case of smaU quantities of water, is 
not apphcable to a pubhc supply. To heat 1000 gaUons of water 
from 60° F. to boUing point would require more than a hundred
weight of coal. Boiling, moreover, drives off the gases which are 
dissolved m the water, leavmg it flat and tasteless. To overcome 
these objections a method has been devised whereby the outgoing 
sterffised water is made to give up its heat to the mcoming water, 
thus saving the greater part of the fuel which would otherwise be 
requhed. A " heat-exchange " apparatus does not actually boil 
the water, but raises it to a temperature of 180° F., which wiU 
destroy in 15 seconds the germs of any water-borne disease. The 
cooled water is delivered at a temperature only about 12° higher than 
that at which it went in. 

This mode of sterihsation, whUe useful for the treatment of small 
quantities of water in special circumstances, is too costly for 
general use. 

Results of Sterilisation. Smce sand filters have been in use the 
water supplied to London has always been of a higli degree of 
purity. The chlormation of the water, however, has brought about 
a further notable improvement. In the year 1900 4292 cases of 
enteric fever were notffied in the administrative County of London. 
In 1933 there were only 164 cases. 

Iodine. The active principle of the thyroid gland is a compound 
of iodine, and when for any reason there is a deficiency of iodine in 
the system. Nature attempts to remedy the condition by enlarging 
the gland, with the consequent development of goitre. 
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The question of iodine in water is a highly debatable and con
troversial subject. Houston, m his twenty-fifth report on the 
water supply of London, says that so far as Great Britam is con
cerned, although the differences are small and not uniform, it 
appears that the iodine content is usually small m the water of 
districts which are known to be goitrous. Work in N e w Zealand 
lends support to the association of the iodme factor -with this 
disease, and it is reasonable to maintain that iodine deficiency in 
water wiU run paraUel with a lessened content in- the soil and food. 
On the other hand, an investigation of the iodine content of a 
number of drinking-waters in this country showed that there was 
no correlation between the prevalence of goitre and a low iodine 
content in the water. 

This aUment is not confined to human bemgs. At the State 
Fish Factories in Pennsylvania so many of the fish contracted goitre 
that it was feared that the industry would have to be abandoned. 
On the addition of a small amount of iodine to the water the goitre 
disappeared. Iodine has also been used with success in the treat
ment of goitre in the human subject, notably in the pubhc schools 
at Akron, Ohio. 

A deficiency of iodine may be made good m various ways. It 
has been suggested that all salt supphed for famUy use in goitrous 
districts should contain iodme. At Rochester, N.Y., 17 lb. of 
sodium iodide was added each day to the pubhc water supply for a 
period of 3 weeks twice yearly. This gave a concentration of 
0-2 milligramme of iodme per gallon at a cost of £3000 per annum. 

In February 1924 a Conference of Water Authorities in East 
Shropshire considered the question of adding iodme to the pubhc 
water supphes, and Dr. Wheatley, the then County Medical Officer, 
came to the conclusion that this was not the best way to make 
good a deficiency of iodine. In certain parts of Wiltshhe iodised 
chocolates are given to the children in the elementary schools. 

K 
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SOFTENING 

WATEES which are excessively hard are often softened before 
distribution. There are various ways in which this may be done. 
The temporary hardness may be removed by boUing the water, 
but this is too expensive a method for general use. Where large 
quantities of water have to be softened, Clark's process is generally 
employed. This process is based on the fact that whereas calcium 
bicarbonate is soluble in water, the carbonate is all but insoluble. 
Accordingly, a small quantity of hme-water is added to the water 
to be softened. The Ume seizes on the carbonic acid which holds 
the carbonate in solution, forming therewith fresh carbonate, and 
both portions of carbonate are precipitated. The reaction is as 
foUows :— 

Calcium Slaked Calcium Water 
bicarbonate -\- lime = carbonate -\-
CaH2(C03)2 + Ca(0H)2 = 2CaC03 -f 2H2O 

(soluble) (soluble) (insoluble) 

The precipitated calcium carbonate settles out in a tank and 
the clear water is drawn off. 
The Ume water may be made from quickUme, but hydrated hme, 

though shghtly more expensive, is often more convenient. At 
Wymondham, Norfolk, a water from the chalk, having a total 
hardness of about 20°, is softened to 5^° by the use of about 3 lb. 
of quickhme per 1000 gaUons. 
It is essential to aUow sufficient time for the settlement of the 

treated water, or the carbonate of lime which is produced may be 
carried on to form deposits in the mains. It was found at the 
Colne VaUey Waterworks that the particles of lime went on settling 
for three days. Their settlement was accordingly hastened by the 
addition of sulphate of alumina. At Wymondham, the water, with 
its dose of lime, passes through a " reaction tank," 15 ft. in diameter 
and 33 ft. deep, in which it is detained for 3J hours, and then through 
two pressure filters, a little sulphate of alumina being added to it 
before filtration. 
The sludge which settles in the reaction tank, amounting to about 

6 lb. per 1000 gaUons, is run on to sludge beds. 
The amount of Ume which is used for softening must be carefuUy 

regulated, as an excess of free lime would render the water alkahne. 
130 
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Daily tests should therefore be made of the raw and the softened 
water and the dose adjusted accordingly. For this purpose simple 
apparatus is suppUed by the makers of the softening plant which 
can be used by any intelligent attendant. 
Removal of Permanent Hardness. When water is softened by the 

addition of lime or by boiUng, it is only the temporary hardness 
which is removed, and it it is desired to get rid of the permanent 
hardness also, other means must be employed. A method which 
is commonly used is to convert the sulphates or chlorides which 
cause the hardness into carbonates. This may be done by the 
addition of carbonate of soda, the reaction being as follows :—• 
Calcium Sodium Calcium Sodium 

sulphate + carbonate = carbonate + sulphate 
CaS04 -f NaaCOg = CaCOg -f NagSOi 
(soluble) (soluble) (insoluble) (soluble) 

The insoluble carbonate of hme is deposited, leaving only the 
harmless sulphate of soda dissolved in the water. 

A number of softening plants, more or less simUar in principle, 
but differing in the means adopted for adding the chemicals and 
removing the precipitated hme and magnesia, are on the market. 
Among the better known are those of Maignen, Paterson, Lassen & 
Hjort, Mather & Piatt (Archbutt-Deeley Process), Desrumaux, 
Doulton, Harris-Anderson, and Bell. 

Base-Exchange Process. A very elegant method, particularly 
convenient for household use, has been devised by Dr. Gans, of 
Berhn. It is based on the property possessed by zeolites of exchang
ing their lime for soda or vice versa. A natural zeolite is a hydrated 
sUicate of alumina, holding some earthy or alkaUne base in com
bination. Zeohtes are found in the greensand formation, and also 
in certain deposits of marine origin. 

If a zeolite containing lime is treated with a strong solution of 
common salt, the lime is removed and replaced by sodium from the 
salt. 
Calcium zeolite + salt = Sodium zeolite -f Calcium chloride 
CaAlaSiaOg + 2NaCl = Na^AlaSiaOg -f CaCI^ 

If, however, lime is present in excess, the action is reversed. 

Sodium zeolite -f Calcium sulphate = Calcium zeolite + Sodium 
Sulphate 

Na^AlaSiaOg -f CaS04 = CaAiaSi^Og + Na^SO^ 

Natural zeohtes must be " processed " to develop their base-
exchange properties. ZeoUtes can also be prepared syntheticaUy. 
The zeohtes, natural or synthetic, suppUed by Messrs. United Water 
Softeners, Ltd., of London, who introduced the base-exchange 
process into this country, are classed under the generic name of 
" Permutits." The original " Permutit " was an artificial sodium 
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zeohte, prepared by melting together sihca (in the form of quartz), 
alumina or kaoUn, and carbonate of soda. 

The process is carried on as foUows. A layer of zeohte is placed 
in the softener, through which the water is drawn as required for 
use, the whole of its hardness being thereby removed. The calcium 
and magnesium salts originaUy present in the water are replaced 
by carbonate and sulphate of soda, but in such smaU quantities as 
to be quite unobjectionable. 

The sodium zeohte meanwhile is being graduaUy converted into 
lime zeoUte, thus losing its softening power. It is regenerated by 
treatment with a strong solution of common salt, which is kept in 
contact with the zeohte for about half an hour. The calcium or 
magnesium which has accumulated in the zeoUte is displaced by 
sodium from the salt, forming a soluble chloride of calcium or 
magnesium, which is then run off. 

Treatment by the base-exchange process gives a water of zero 
hardness, and for ordinary purposes so soft a water is neither necessary 
nor desirable. It is usual, therefore, to bring the hardness of the 
softened water up to about 5° by blending it with unsoftened water. 

The salt which is used in the base-exchange process costs more 
per thousand gaUons than lime. For a chalk water with about 20° 
of hardness (which had also to be filtered to remove iron), the esti
mated cost of lime and alum was 0-57d. per 1000 gaUons and that 
of salt and alum 2d. 
The base-exchange process, however, is often more convenient 

than the other, and it possesses the incidental advantages that the 
softening plant can be worked under pressure and that no sludge 
is produced. 

Action of Soft Water on Lead. Very soft waters are apt to dissolve 
lead from the inner surfaces of service pipes and the lead hnings of 
cisterns, and, inasmuch as lead is a poisonous metal, such waters 
are regarded as dangerous. This power of dissolving lead is 
sometimes termed " plumbo-solvency," and the waters which 
possess it are said to be " plumbo-solvent." 

It is by ho means certain, however, that a soft water necessarUy 
attacks lead. The water of Loch Katrine is one of the softest in 
the world, its total hardness being less than 1°, but this water, 
as suppUed to Glasgow, has no action on lead. Torquay obtams 
its water from a moorland gathering ground, the total hardness 
being 1-6°. According to the Medical Officer : 
" Torquay town water has a neutral reaction. It acts very slightly 

on lead, and this is only traceable after the water has stood in con
tact with it for many hours. It is most noticeable in the case of 
new pipes, as after use for a short time there seems to be a sort of 
brown film (like a deposit of peaty material) which prevents further 
action. 
" During the 25 years I have been Medical Officer of Health for 

Torquay, I have never known of a case of lead poisoning in the 
Borough in which the water has been suspected. The water has a 
decided action on zinc or galvanised iron, and its effect on iron is well 
known." 
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Other soft waters, however, notably those supphed to Dublin 
and Sheffield, do dissolve lead ; but these waters are not only soft, 
but acid, their acidity being derived from the peat through which 
they fiow. 

Where acids are present in a water, they can be neutralised by 
adding an alkaU, such as lime or soda. Certam towns in the 
North of England, which have acid supplies, pass their water 
through a layer of limestone. This treatment may not always have 
the desired effect, for the limestone quickly takes on a slimy 
vegetable coating which shields it from the action of the water. 
If, however, the limestone is placed beneath the top layer of an 
ordinary sand filter, it does not become coated, and its effect on 
the water is more permanent. 
The water which is supphed to Birmingham from the Elan VaUey 

is acid and has a slight action on lead. The acidity was 
originally corrected by the addition of hme, but after a few months 
of this treatment powdered chalk, m amounts varying from 1 to 
1J grains per gaUon, was substituted, and was in use for many years. 
In 1923 a change was made to sUicate of soda, from 0-55 to 1 grain 
per gaUon of which was added to the water. This treatment, whUe 
effectual for the protection of lead pipes, did not prevent the 
corrosion of cast-iron and steel mains, and in 1926 it was abandoned. 
The water is now treated with hydrated lime at the rate of 0-42 
grain per gallon, giving a pJi value of 8-3, which is fairly constant. 

The question of the action of water on lead pipes has been 
investigated for the Water Pollution Research Board by Dr. H. 
Ingleson, who embodies his results in a report (Technical Paper 
No. 4) which was issued by the Board in December 1933. 
" Efforts were made to define the maximum quantity of lead 
- which can safely be allowed in drinking-water, the factors causing 
action of the water on lead, and the methods of preventing such 
action. 
" Any water dehvered through lead pipes may be expected to con

tain lead even after the pipes have long been ui use, although the 
amounts present are in many cases so minute that they can be re
garded as of no practical significance. It is possible that the intake 
of lead from other sources by consumers may exceed the traces de
rived from some drinking-waters. Lead is, in fact, a normal con
stituent of excreta and urine, and its presence is undoubtedly 
associated with the widespread use of lead and its compounds. 

" Certain authors consider that any trace of lead, however small, 
indicates a potential danger and should preclude the use of lead 
pipes with the water. The real difficulty arises when the lead content 
is between say 1-0 and 0-1 part per million. According to some in
vestigators, 0-3 to 0-5 part per rnillion represents the limit of safety, 
and 0-6 to 1-0 part per million constitutes gross contamination. 
Others consider that 0-1 part per million should not be exceeded." 

Removal of Iron. Iron is removed with the calcium and 
magnesium in the process of softening. It can also be got rid of 
by aeration, whereby the soluble ferrous salts are oxidised to 
insoluble ferric salts, and subsequent filtration. 



CHAPTER XIV 

SCHEMES OF WATER SUPPLY 

THE primary object of works of water supply is the provision of an 
adequate supply of wholesome water for domestic use. Water 
must also be provided for pubhc and industrial purposes, and it 
ought if possible to be suppUed at such a pressure as to be available 
for the extmction of fires. 
In designing a scheme of water supply the first point to be con

sidered is the quantity of water which must be provided. In this 
connection it is necessary to have regard not only to the present 
population of the area of supply, but also to the increase in popu
lation which may reasonably be expected in the future. Filters and 
reservoirs may be added to as the need arises, but a water-main, 
once laid, cannot be enlarged. The difference m the cost of two 
pipes, one of which will carry twice as much as the other, is com
paratively small, and the cost of the trench is the same; but to take 
up an existing main and lay a larger one in its place is a very expen
sive matter. A deficiency in main capacity can sometimes be made 
good by putting in additional service reservoirs which will fUl up 
during the night and maintam the supply during the day, but 
tills course is not always practicable, and many a town and village 
are suffering to-day for lack of foresight in the design of their 
waterworks. 
Another frequent cause of wasteful expenditure is the insistence 

of every parish on havmg its own independent waterworks. This 
not only tends to the unnecessary duphcation of weUs, pumps, 
filters, and reservoirs, but often means also that two or three men 
are required to manage the various undertakmgs where one would 
suffice. 
The multiphcation of small water undertakings has always been 

deprecated by the Ministry of Health, and -wiser views are now 
beginnmg to prevail. The Ministry, in their Report for 1931-32, 
refer to the increasing tendency towards more comprehensive 
schemes of water supply mstead of a multiphcation of small schemes 
for individual Urban Districts or Parishes. Durmg the year a 
number of Rural District CouncUs took advantage of the facihties 
of the Local Government Act, 1929, and carried out or commenced 
joint schemes for several Parishes. 
In 1928 the Ministry issued a booklet, which was reprinted in 

1930, suggestmg the formation of " Regional Water Committees." 
134 
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These Committees would be in no sense Water Boards, and theh 
function would be merely to survey the position thoroughly and to 
formulate proposals for the consideration of the constituent bodies, 
including any water companies in their areas. The programmes 
should provide for measures in detaU for 20 years ahead, and' m 
broad outline for say 50 years ahead, and these programmes should 
be revised at intervals not exceeding 5 or 10 years. 

Rural Water Supply. Thg Ministry, in their Report on Rural 
Water SuppUes, issued in 1929, draw attention to the difficulty 
which is often experienced in providing a piped supply of water in 
rural areas. " The cost of procuring and distributing water is 
frequently out of aU proportion to the population served." They 
accordingly point out the possibility of obtaining a satisfactory 
supply from pubhc wells. 

" Where piped supplies can be obtained," they say, " public wells 
should not be resorted to. In suitable cases, however, and 
particularly in smaU villages, the provision of pubhcly owned wells, 
equipped with modern pumps, might advantageously be encouraged, 
as such weUs, if of recent date, are likely to be better constructed, 
as well as more adequately supervised, than private wells. . . . 
Publicly owned wells of sound design and equipped with modem 
pumps should do much to raise the general standard of water supplies 
in rural villages." 

The Ministry also draw attention to rain-water from roofs as a 
possible source of supply. They point out that " though rain
water is generaUy a safe source of supply, supervision and control 
are required just as in the case of wells. This could be secured by 
authorising Local Authorities to make by-laws on the subject." 
The various pomts which might be dealt with by by-laws are set out 
in Appendix F to the Report. They have since issued a memoran
d u m givmg some simple practical suggestions for the utilisation of 
rain-water suppUes. Even where there is an abundant piped supply, 
rain-water butts are often provided to catch soft water for washing 
j;urposes. 

Quantity Consumed per Head. In deciding on the quantity of 
water to be provided, it is not merely the future growth of population 
which must be taken into account, but also the increasmg consump
tion of water. People who have been accustomed to pump every 
drop of water which they consumed or to fetch it from a distance 
do not at once take full advantage of a piped supply. Workmg-
class families with one W.C. and no bath sometimes use as little as 
3 gallons per head per day, and for such a population 8 gallons 
per head per day would be a reasonable allowance. So low a 
consumption is exceptional, but m a smaU town in Wiltshire 
which I supplied with water five or six years ago the consump
tion during the first year averaged only 6^ gallons per head per 
day. 

The Ministry of Health, in their memorandum on " Rain Water 
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for Domestic Supplies," state that it is found that in country places 
5 gallons a day for each person can be made to suffice for household 
needs. In their booklet on " Regional Water Committees," they 
say that 

" reliable statistics which have been obtained indicate that the 
same family in an old type of house, with water laid on, but without 
hot water or a bath, consumed about 7 gallons of water per head per 
day, and in a modem cottage with these amenities consumes about 
15 gallons a day." 

As the scale of living rises, the use of water increases, and where 
every member of the household takes a daily bath, the consumption 
vfill probably be not less than 30 gallons per head per day. At the 
Summer Conference of the British Waterworks Association, held in 
Edmburgh in June 1934, B o w m a n stated that 6 inches of water is 
sufficient for a bath, but that from 10 to 15 inches is usuaUy put into 
it. H e estimated the minimum amount of water used in the smaUest 
bath at 28 gaUons, and the maximum at 70 gallons. Having regard 
to future requirements, it will rarely be wise to provide in a village 
for an average consumption of less than 15 gallons per head per day, 
and in a town of less than 20 to 25 gallons per head per day. This 
may cover the water used for street-watering, but where manu
facturing is carried on on a large scale the water for the factories 
should be added. 

In a rural area a good deal of water is often requhed for drinkmg-
troughs for cattle and for coohng milk. The use of water for these 
purposes should be encouraged, as the revenue from it helps to 
defray the cost of the works. Unless, however, the supphes are 
metered or very carefuUy supervised, serious waste m a y take 
place. 

Swlmining-baths. The use of swimming-baths has greatly in
creased during recent years, and the water for these is usuaUy dra-wn 
from the mams. The water in a bath which is used by large numbers 
of people soon becomes very foul, and it often contains pathogenic 
bacteria derived from infected bathers. Among the diseases which 
may be contracted by persons usmg a public bath are typhoid and 
paratyphoid fevers, dysentery, respiratory infections, and diseases 
of the skin, the eye, the nose, and frequently the middle ear. 

The question of the purffication of the water of swimming-baths 
formed the subject of a pamphlet issued by the Ministry of Health 
in 1929. While expressing the opinion that the evidence that 
various diseases are occasionally transmitted by the water in 
swimmmg-baths appears convincing, the authors of the report go 
on to say, " There is no evidence to support the alarmist rumours 
which appear from time to time, indicating that disease in epidemic 
form has its origin in swimmmg-baths m this country." 
It is generaUy recognised, however, that the water in a pubhc 

swimming-bath ought to be frequently renewed, and experience 
has shown that where a bath is largely used the water should be 
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changed at least once in every four hours. It is customary in 
America to restrict the number of persons using a swimming-bath 
in a given time to twenty for each thousand gallons of clean water 
added to the bath during that time. 
The amount of water which would be necessary to keep the con

tents of a large bath constantly changed is very considerable, and 
it would often be impossible to spare so much water from the public 
supply. Where this cannot be done, the water aheady m the 
bath is sterUised, either by filtration through pressure filters or by 
the addition of chlorme or chloramine. The ultra-violet rays have 
been used for the purpose in America; and at WaUasey (Cheshire) 
the water in the Derby sea-water swimming-bath, containing 
800,000 gallons, is sterilised with Catadyn. 
The various methods of sterilisation are dealt with in Chapter 

XII. 
The water in a swimming-bath should also be aerated, especially 

after fUtration, for water may lose most of its dissolved air during 
its passage through a filter. The first filtration and aeration plant 
for swimming-baths in this country was installed at Bury (Lanes) 
in 1905. 
Even where the water in a bath is contmuously purffied, the 

bath wiU have to be emptied from time to time, and the water for 
refUhng it will usually be taken from the mams. 
Recent practice in connection with swimming-baths is described 

in detaU in the second edition of " Swimming-Bath Water Purffica
tion," by Wilkinson and Forty, which was pubhshed in 1934 by 
The Contractors' Record, Ltd. 
Refrigeration. Then, again, water is constantly being used for 

new purposes, such for instance as refrigeration. The Ministry of 
Health refer to this in their Report for 1927-28 as follows :— 
" Another cause of the increased consumption has been the 

restrictions on the use of preservatives in food, which has led to the 
extended use of refrigerators. Certain types of refrigerators depend 
for their working on a supply of running water, and this involves 
a large addition in the quantity required for ordinary domestic 
purposes. It appears probable that in a medium-sized house the 
average daily quantity of water used during the year would be at 
least a hundred gallons, which is equivalent to the ordinary domestic 
consumption in a household of four persons. In some places the 
consumption of water-might be much larger, depending upon the 
nature of the apparatus used. This is a new development, and has 
led to the inclusion in a number of BiUs of the present Session of 
provisions authorising undertakers to make a special charge in respect 
of water refrigerators." 

The upward tendency m the consumption of water is strikingly 
shown in the foUowing table, from the third edition of Turneaure 
and Russell's " Public Water Supphes," giving the consumption 
per head in ten of the largest American cities in 1890, 1905, and 
1920 :— 
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TABLE XIII. 

Consumption of Water in America. 

City. 

Chicago . . . . 
Philadelphia 
St. Louis . 
Boston 
Cleveland . 
Buffalo 
San Francisco 
Cincinnati 
Detroit 
Milwaukee 

Consumption in gallons per head per day. 

1890. 

140 
132 
72 
80 
103 
186 
61 
112 
161 
110 

1905. 

200 
230 
92 
151 
137 
324 
96 
130 
188 
91 

1920. 

264 
160 
137 
126 
121 
277 
60 
119 
144 
134 

The quantity of water consumed per head varies enormously 
from town to town and from country to country. Turneaure and 
Russell give the foUowing figures for some of the great cities m 
this country and abroad :— 

T A B L E XIV. 

Consumption of Water in Europe. 

City. 

England, 1913-14. 
London . 
Manchester 
Liverpool 
Birmingham 
Bradford 
Leeds 
Nottingham 
Plymouth 

Scotland, 1913-14 
Glasgow . 
Edinburgh and Leith 

Gallons 
per head 
per day. 

41 
42 
41 
32 
53 
42 
26 
54 

75 
56 

City. 

Germany, 1910. 
Berlin 
Munich . 

France, 1901. 

Lyons . 
Toulouse 
Grenoble 
Brest 

Italy, 1908-13. 
Milan 
R o m e 

Gallons 
per head 
per day. 

22 
57 

50 
70 
272 
7 

27 
120 

The gaUon in the foregoing tables is presumably the American 
gallon, which is equal to five-sixths of an imperial gaUon, and the 
consumption apparently includes the water used for all purposes. 
Bowman, m a paper read at the twenty-ninth annual summer 

meeting of the Institution of Water Engmeers, gives a table showing 
the domestic consumption in sixty-two towns in England, Scotland, 
and Wales, the highest and lowest figures for each country being as 
follows :— 
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TABLE XV. 

Highest and Lowest Consumptions. 

Town. 

England. 
Exeter . 
Brompton and 

Rochester 

Scotland. 
Helensburgh 
Aberdeen 

GaUons 
per head 
per day. 

40-00 

14-26 

70-00 
27-00 

Town. 

Wdles. 
Rhondda 
Cardiff . 

Gallons 
per head 
per day. 

22-11 
17-02 

The high consumptions in Scotland, which are nearly double 
those in Enghsh towns, are due, according to Bowman, to the larger 
number of water-taps in each house. 

Waste of Water. A n enormous amount of water is wasted through 
leakages in mains and service pipes, defective fittings and washers, 
taps left running, and the prodigal use of water in gardens. Geo. W . 
FuUer, of N e w York, said at the International Conference on 
Sanitary Engineering that m some communities in the United States 
leakage alone accounts for from 50 to 60 gallons per head per day. 
H e estimated the genuine use of water for domestic purposes at not 
more than 35 imperial gallons per head per day. Watson metered 
the supply to his own house for twelve months, during which the 
average consumption was only 14 gallons per head per day. 

Where, as is generally the case m Scotland, the water is obtained 
by gravitation and the supply is plentiful, there is no particular 
reason to restrict the consumption, but where the water has 
to be pumped or the quantity avaUable is barely sufficient to 
meet the requirements, the question of waste may become very 
serious. 
Many towns in this country have had to take energetic steps to 

conserve the supply. At Sheffield, for mstance, the quantity of 
water consumed for domestic purposes was formerly more than 
35 gallons per head per day. As the result of a campaign agamst 
waste it was brought down to 12-39 gaUons. Including water used 
for fire extmction and waste, it is now only about Vl\ gallons. 

Metering. In many cities in the United States water is now sup
pUed by meter, with a marked reduction in the consumption. At 
Wheeling, West Virginia, where 21,823,000 United States gallons 
per day were pumped in 1922, in 1925, with only 30 per cent, of the 
services metered, the quantity was reduced to 13,600,000 gallons. 
Metering has reduced the daUy consumption at Niagara Falls from 
22 milUon gaUons to 13 mUhon gallons, and at Bay City from 7 to 
9 miUion gaUons to 4 mUlion gallons. In the State of Ohio the 
average daUy consumption in cities and vUlages in which the services 
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are metered is 90 United States gallons per day, and in those 
without meters 170 gaUons per day. 

In Dresden aU the services are metered, but this method of 
checking waste has not found favour in England. If every gaUon 
of water had to be paid for, it is feared that its use would be unduly 
restricted, to the detriment of health. The cost of providing a 
meter for every house and reading it periodicaUy would also be no 
light matter. 

Waste can moreover be effectually combated without gomg to 
the expense of placing a meter on every service. The late G. F. 
Deacon introduced at Liverpool in 1873 a system whereby every 
leakage can be easily detected and measured. H e subdivided the 
mains into sections, each supplying from one thousand to two 
thousand people, and on each section he placed a meter (see p. 80) 
havmg a drum rotated by clockwork and carrying a diagram on 
which the amount of water passing through the meter was recorded. 
The tests were made at night, when little or no water was legitimately 
used and any water passing through the meter was presumably 
being wasted. Commencing at say 11.30 p.m., each branch main 
was shut off in turn, the time being noted. If any water was passing 
through that main, its shutting off was recorded by a drop in the 
diagram. The process was then repeated with only one main 
open, each stopcock on its course being closed in turn. It was then 
possible to ascertam through which service water was passing and 
the amount of waste from each. The inspector can also detect 
leakages by placing a stethoscope, or metal rod, on each stopcock 
and applying his ear to the upper end. 

Defective taps, etc., are a prolffic cause of waste, and none but 
approved fittings should be used. Washers will perish in time and 
must be renewed. Many Water Authorities do this free of charge, 
and the small cost of the washer is repaid many times over by the 
consequent saving m water. 

The drought of 1934 and the consequent shortage of water m 
many districts forced the question of waste upon the attention of 
the authorities concerned. Many of them accordmgly issued 
notices urging consumers to guard against waste and to use no more 
water than was absolutely necessary. In a circular which was 
issued by the Ministry of Health to Local Authorities, emphasising 
the need for securmg the active co-operation of the consumers, it 
was stated that at most places, U active and constant measures are 
taken, a saving of at least 20 per cent, on the normal consumption 
can be effected. 

Auxiliary Supplies. Only a small part of the water which is 
suppUed to a town requires to be highly purffied. For many 
purposes, such for instance as watering roads and gardens, steam 
raising, and fire extinction, water of inferior quahty would serve 
just as well. Even in times of the severest drought the supply 
of " pure " water is always more than ample for all purposes for 
which such water is actually required, and inferior water might quite 
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well be used for other purposes. Where therefore the consumption 
of water threatens to outgrow the supply, a dual system of mains, 
carrying potable and non-potable water respectively, would seem to 
offer a solution of the difficulty. Such a system, however, presents 
certain grave disadvantages. Where there are two kmds of water 
laid on to a house, it would be impossible to prevent people from 
drinking the impure water. If two mains are laid in the same 
street, there wiU always be the risk of tapping the wrong one. It is 
unlikely therefore that the dual system "s^l ever come into general 
use in this country. 

It has, however, been adopted in certain cities on the Continent. 
In Paris, for instance, where large quantities of water are used for 
street cleaning, a special supply is laid on for the purpose. In many 
American cities there are separate high-pressure m a m s which carry 
water for fire extinction. Where such mains are m use, care must 
be taken to avoid connecting them with those which convey water 
for domestic purposes. 

Requirements of the Ministry of Health. W h e n money is to be 
borrowed on the security of the rates for the purpose of carrying 
out a scheme of water supply, an estimate of the cost of the works 
must be sent to the Ministry on their Form K 20. Part I of this form 
consists of fifteen questions, to be answered by the Clerk to the 
Council, as to the amount of the loan, the size of any proposed 
reservoir, the sources of supply, the giving of notices, and the 
obtainment of the necessary consents. The Ministry mquire 
particularly whether any existing works on which there is a loan 
outstanding wUl be superseded or abandoned. 

Part II sets forth the Ministry's Engineering Requirements, 
which are as foUows :— 
" The foUowing rules should be observed strictly :— 

"1. This estimate must be accompanied by (o) Report by the 
Engineer setting out the necessity for the proposals together with a 
description of the scheme and the figures on which it is based, and 
(6) Maps and drawings ihustrating the proposed works. 
" 2. N o drawings should exceed double elephant size (approxi

mately), except plans shovmig large areas, which should be mounted 
to fold into sections. 

"3. A U drawings and plans, other than ordnance maps, should 
preferably be sun prints on thin opaque linen with black lines on 
a white ground. Blue prints are objectionable. No tracings should 
be made on paper, and any draivings, <fcc., on paper which tears easily 
should be mounted on thin linen. 
" 4. AU plans, maps, and drawings should be (1) signed by the 

Engineer for the Scheme, (2) folded separately to go into an envelope 
13 inches by 8 inches, and (3) numbered on the top right-hand 
comer. 
" 5. All drawings must be fully dimensioned, with scales drawn 

on them, and levels shown reduced to O.D. Plans and maps other 
than ordnance maps should have the north point put on them, and 
the boundaries of parishes and of Urban or Rural Districts should 
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be clearly marked. Longitudinal sections should run in the same 
direction as the plans. 

" 6. Places referred to in the general description should be 
indicated on the plans or drawings by distinctive marks for 
purposes of reference. 

"7. Each length of main should have a distinctive letter at each 
end, both on plan and section." 

Next comes a series of questions relating to the pumpmg works 
and rising m a m , slow sand fUters and mechanical filters and service 
reservoir. 

The estimates follow. The " Estimate for Mains" contains 
columns headed:— 

" Name of Street or Road and Distinctive letters on plans. 
" Internal diameter of pipe in inches. 
" Material—specify whether cast iron, steel, or otherwise. 
" Thickness of metal in inches. 
" Minimum earth cover over pipes. 
" Maximum head in feet vertical. 
" Type of joints. 
" Total length in yards. 
" Price per lineal yard complete." 

The price for mains of each size must be set forth in detail 
as foUows :— 

£ s. d. 
" Main internal diameter. Material 
" Pipes (including cartage, &c.) cwt lbs. at 

percwt. . . . . . . . . 
" Laying and jointing complete . . . . 
" Excavation of the trench, reffiling, and making good 

the sm-faoe . . . . . . . 

Total, per lineal yard . 

" All mains should have a cover of at least 3 feet, measured from 
the top of the pipe to the surface of the ground, or if such cover cannot 
be obtained for any reason, the pipes should be specially protected." 

The cost of the Fire Hydrants, Sluice Valves, and Air Valves 
must be shown m a separate estimate, to which the foUowing note 
is appended:— 

" Where the carriage-ways are tarred and the hydrant covers 
hkely to be covered over or stuck down, it is desirable that the 
hydrants should not be placed in the carriage-ways." 

Then follows a summary, showing the total cost of each part of 
the work and the amounts allowed for Contingencies, Engmeers' 
Fees, Resident Engineer, Land, (a) Purchase money, (6) Convey-
ancmg, etc., costs. Easements, Legal and Loan Charges (exclusive 
of land purchase costs). 

The last page of the form is headed " Details of Source," and 
contams the following instructions. 
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" Full particulars should be given as regards the proposed source 
of supply, including such information as wiU enable the Ministry to 
judge of the sufficiency and suitability of the water. 

" (If a fresh supply is to be obtained from a well or a borehole, 
the particulars shoiild be given in the form headed ' WeUs and Bore
holes ' provided for that purpose; and apphcation should accordingly 
be made for copies of such forms unless they have aheady been sent). 

" The Ministry should be furnished with a copy of a recent chemical 
and bacteriological analysis of the water, by a competent analyst, 
who should also report whether the water is hkely to act on lead or 
other metals to any serious extent." 

Where the water is to be obtamed from a well or borehole the 
following information must be furnished in triphcate on Form 
K20a. 

" Name of District. 
" If the District is a Rural District, name of Contributory Place 

concerned. 
" Level of surface of ground above O.D. 
" Depth and diameter of shaft or boring, or of each. 
" Depth or depths at which water was found. 
" Yield of water in gaUons per diem, as ascertained by continuous 

pmnping during days or otherwise.* 
" Level of water (above O.D.) at commencement of pumping. 
" Level of water (above O.D.) at cessation of pumping. 
" Time taken for water to return to original rest level after pumping 

ceased. 
" A tabulated statement should be sent showing the quantity of 

water pumped in each 24 hours during the duration of. the test 
together with the level of the water (above O.D.) at the end of each 
day. If there should be any stoppage, the reason and duration 
should be stated. 

" Distances of the well or borehole from any other known wells 
or boreholes in the neighbourhood. 

" Quahty. (Copies of chemical and bacteriological analyses 
should be annexed. Information as to the mineral constituents of 
the water is desirable.) 

" A 6" to the mile Ordnance map showing (in red) the precise 
situation of the weU or borehole. 

" Date of completion of weU or borehole. 
" A description of the strata pierced should be given as follows :— 
"Thickness of each Total depths from 

Stratum the surface 
Feet. Inches. Feet. Inches." 

A short-period loan is usually sanctioned to cover the cost of 
sinkmg and testing the borehole. 
Methods of Charge for Water. The difficulty which is often ex

perienced in financing a scheme of rural water supply has already 
been referred to (p. 135). The Ministry of Health, in their Report 
on Rural Water Supphes, point out that there is " much to be said 
in favour of giving to Rural District CouncUs the power to con-
* Normally the pumping test should be continuous over a period of 14 days. 
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tribute if they so desire towards the cost of schemes of water supply 
from the rates of the entire District." This power is given by 
Section 56 of the Local Government Act, 1929. 

The Ministry go on to discuss the question of apportioning the 
annual cost of a water scheme between the actual consumers and 
the general rate. Some Authorities charge the whole cost to the 
rates, but, as the Ministry point out, an appreciable revenue should 
normally be obtained from the consumers, whether they have the 
water laid on to their houses or whether they fetch it horn, stand-
pipes. Section 9 of the Pubhc Health (Water) Act, 1878, gives 
power to a Rural Sanitary Authority to recover water rates or rents 
from the owner or occupier of every dwelling-house which is within 
200 feet of a standpipe and which has not a sufficient supply from 
other sources. 

The Ministry cite in their report the proposals of Rural District 
CouncUs for the division of the cost of water supplies in eleven cases 
which have come before them. In two of these cases only wUl the 
revenue from the consumers exceed the charge on the general rate : 
m all the others the greater part of the cost will be met from the 
rates. The following table shows the proportion of the revenue 
which is derived from both sources in the four cases in which the 
proportion of the cost receivable from the consumers is greatest and 
least respectively. 

i5. d. .1. d. s. d 

Estimated annual revenue from con-
simiers (stated as equivalent to 
rates in the pound) . . . 2 7 1 10 1 4 

Net annual rate in aid of the parish 2 2 1 8 3 4 
Total annual cost . . .49 36 48 

The total annual cost ranges from 4s. to 15s. per head of the 
population hkely to be supphed. 

The following scale of charges is m operation m a rural district 
in Essex where a water scheme has recently been carried out. 

£ s. d. 
Rateable Value less than £10 per annum . . . 1 5 0 per annum. 

,, „ from £10 to £l5 per annum . . 1 10 0 
„ „ from £15 to £20 per annum . . 1 15 0 ,, 

„ from £20 to £25 per annum . . 2 0 0 
„ „ naore than £25, 10 per cent, on the rateable value. 

In a rural area a considerable revenue can often be derived from 
the supply of water to cattle-troughs and dairies. 

a. d. 

1 8 
4 7 

6 3 



CHAPTER X V 

RESERVOIRS 

CERTAIN small towns are in the fortunate position of possessing 
springs so copious and constant in their yield as to afford an ample 
supply throughout the year and at all hours of the day without the 
need for storage. There are many cities and towns in the United 
States also which obtain their supphes from great rivers or lakes, 
and which pump the water direct into the mains without the inter
vention of a reservoir, the pumps being so designed as to vary their 
speed in conformity with the draught from the mains. Such cases, 
however, are exceptional, and in this country at any rate practically 
every water undertakmg possesses at least one reservoir. 
The size of the reservoir which must be laid down in any particular 

case wUl depend on the purpose for which storage is required. 
Where water is obtained from an upland gathering ground, on which 
little ram falls for months at a time, sufficient storage room must be 
provided to maintain the supply durmg the ensuing summer and 
autumn, and to furnish the prescribed amount of compensation water. 
The capacity required will vary with the circumstances of each par
ticular case, but will rarely be less than four months' supply. Reser
voirs holding six or even eight months' supply are not uncommon. 

If the water is derived from sprmgs, it will usually be necessary 
to store the night fiow for use during the day. 

W h e n the supply is pumped, it is generally convenient to run the 
pumps at a constant speed, in which case a service reservoir must 
be provided to meet the fiuctuations in the demand and to maintain 
the supply when the pumps are not running. 

In the case of a small undertakmg, using a gas or oU engine to 
pum p its water, the wages of the attendant wUl constitute a con
siderable part of the cost of pumping ; and as a matter of economy 
it will be desirable to pump the whole day's supply in a short time. 
To guard against any mterruption of the supply through a break
down of the machinery, a reservoir should be provided to hold two 
or three days' supply. 

Where the water is filtered, the filters should be worked at a 
constant rate, and a clear-water tank will be necessary to maintain 
the supply. 

Where the area to be supphed is considerable or presents great 
differences in level, it wUl often be necessary to place " balancing 
tanks " at certain points where the pressure would otherwise fall 
off during the hours of greatest demand. 

Storage Reservoirs. A storage reservoir is almost invariably 
L 145 
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placed in the valley from which the supply is derived. A dam is 
thrown across the valley and carried up to such a height as may be 
necessary to impound the quantity of water required. The most 
favourable position is a narrow gorge above which the vaUey widens 
out, so that a large amount of water can be impounded by means 
of a comparatively short dam. 
It is absolutely essential, however, that the ground should be firm 

enough to carry the weight of the dam and resist the thrust due to 
the pressure of the water. It must also be impermeable, and without 
any fissures through which water might find its way under the high 
pressure from the reservoir. If there is the shghtest doubt-as to the 
soundness of the ground under a dam, a trench must be sunk 
beneath it until a sbhd impervious stratum is reached, and fiUed 
with clay puddle or concrete. The depth of the puddle trench is 
often greater than the height of the dam (Fig. 17). 
In judging of the suitabiUty of a site for a reservoir, surface 

indications do not afford a safe guide, and the nature of the ground 
must be ascertained by sinking shafts or borings, particularly on the 
line of the dam, to a sufficient depth to disclose any latent possibihty 
of weakness. 

Fia. 17.—RESEKVOIB DAM. 

The simplest form of dam is an earthen bank, which should be 
formed of the best material available, spread in thin layers and well 
roUed or rammed. The ground on which it stands must first be 
stripped of all peat and other soft or compressible material. The 
puddle trench must then be formed. The earth of which an embank
ment is made is rarely so impermeable as to be perfectly water-tight, 
so the puddle or concrete wall must usuaUy be carried up above the 
highest level of the water in the reservoir. 
The top of the dam should be not less than twelve feet in width 

and at least five feet above the highest water level. In a large 
reservoir more freeboard should be provided, for during a gale the 
waves in such a reservoir may rise to a height of several feet. O n 
the Ashokan Reservoir (New York) waves from 12 to 15 feet high 
have been recorded with a wind velocity of probably 120 miles per 
hour. In the Queen Mary Reservoir at Littleton (Middlesex) a 
bank has been formed at about midlength to check the formation 
of waves. The slopes should be flat—^not steeper than say three to 
one on the inner face and two or two and a half to one on thB outer, 
and the inner face should be covered with stone pitching, laid dry, 
with its interstices well fiUed with chips and gravel. 

Some very high earthen dams are being built in America. That 
of the Cobble Mountain Reservoir, near Springfield, Mass., will be 



R E S E R V O I R S 147 

228 feet high, and the Tieton dam, in the State of Washmgton, 233 
feet. Where, however, the depth of water in the reservoir is more 
than seventy or eighty feet, it wUl usually be more economical to 
build a concrete or masonry dam. Such a dam, if straight, must be 
heavy enough to resist overturning by the pressure of the water, but 
in a narrow gorge, with sides of sohd rock, the dam may be formed as 
a horizontal arch, the pressure of the water being withstood by the 
thrust on the ends. The stresses in such a dam are of a very com
phcated nature, and it wUl rarely be wise to rely altogether on its 
strength as an arch. 

The bottom of the reservoir should be stripped of all peat, and 
carefuUy examined for any outcrop of porous strata which may 
lead the water away. Should such strata be found, they wUl have 
to be sealed by grouting. 

Cementation. Occasionally, in spite of every precaution, leakage 
takes place, usuaUy tlirough joints or fissures in strata which were 
apparently quite sound. Where such leakage occurs, the loss of 
water m a y be considerable, but even more serious is the possibihty 
that the constant flow of water at high pressure through the fissures 
may undermine and eventually destroy the dam. In such a case 
the cost of cutting out the faulty rock and replacing it with concrete 
or puddle may be prohibitive, and some other method of stopping 
the leaks must be resorted to. 
Many years ago leakage to the extent of more than a million 

gaUons per day was found to be taking place from two of the Hahfax 
Corporation's reservoirs at Walsham Dean. Mr. H. P. Hill, the 
Engmeer, conceived the idea of stopping the fissures with cement 
grout. H e drUled a hne of five-inch boreholes down through the 
dam into the underlying rock, and into these he injected under 
pressure a very dUute grout composed of one part of slow-setting 
cement to twenty parts of water. In a short time the grout from 
the first borehole made its appearance in the leakage 175 feet away, 
and after a whUe the flow slackened and eventually stopped. Succes
sive boreholes were treated in the same way, and in due course the 
dam was made reasonably water-tight. In all ninety-seven bore
holes were driUed to an average depth of 182 feet in the middle 
embankment and 139 feet in the lower one. Altogether 1386 tons 
of cement were used, the greatest quantity taken by any one borehole 
being no less than 157 tons 12 cwt. Similar work was carried out 
at the Bartley reservoir, near Birmingham, at the South Dike 
reservoir, near Penistone, and elsewhere. 

British Reservoirs. Where an existmg lake can be utUised, a 
large amount of storage capacity can sometimes be obtained by a 
comparatively shght raising of its level. Glasgow, by raismg the 
water level in Loch Katrine 14 feet, and drawing down the water 
3 feet below its original level, has secured a storage capacity of 14,212 
miUion gaUons. Manchester has had to raise the level of Lake 
Thirlmere by 54 feet. Where no such natural lake exists, a high 
dam has usuaUy to be buUt. The foUowing table gives particulars 
of some of the most important reservoirs in this country:— 



TABLE XVI. 
British Reservoirs. 

Beservoir. 

Edinburgh 
(Harperrig). 

Glasgow 
(Mugdooh). 

Bradford 
(Grimarth). 

Sheffield 
(Agden). 

Manchester 
(Torside). 
(Woodhead). 

Leeds 
(Lindley Wood). 

Edinburgh 
(Gladhouse). 

Newoastle and Gateshead 
(Colt Crag). 

Leeds 
(S-srinsty). 
(Ee-ffston). 

Liverpool 
(Vymwy). 

Manchester 
(Thirlmere). 

Sheffield 
(Damflask). 

Glasgow 
(Oraigmaddle). 

Plymouth 
(Burrator). 

Leeds 
(Bcoup). 

Bradford 
(Gouthwaite). 

Birmingham 
(Oraig Coch). 
(Pen-y-Gareg). 
(Caban Coch). 

Edmburgh 
(Talla). 

Newcastle and Gateshead 
(Catcleugh). 

Sheffield 
(Langsett). 

Swansea 
(Cray). 

Sheffield 
(Underbahk). 

Harrogate 
(BoundhUl). 

Derwent Valley 
(Horoden). 

Bradford 
(Angram). 

Glasgow 
(Arklet). 

Derwent Valley 
(Derwent). 

Birkenhead 
(Alwen). 

Bradford 
(Scar House). 

Cardiff 
(Llwynon). 

Leeds 
(Leighton). 

tNorth Wales Power Co. 
(Maentwrog). . 

Sheffield 
(Broomhead). 

Belfast 
(SUent VaUey). 

Durham County Water Bd. 
(BunUiope). 

Dam. 

Earth 

Cyclopean "l 
Masonry J 

Masonry and \ 
Concrete J 

Earth 

Earth 
Concrete faced ) 
with Masonry J 

Earth 

Composite 

Masonry 

„ 
„ 

Earth 

, 

" 
Concrete 

Earth 

Masonry 

" 
„ 

Concrete and "1 
Masonry J 

Masonry 

" 
.. 

Earth 

,̂  
Concrete 

Earth 

" 

Max. 
Height 
of Dam. 
Feet. 

54 

671 

86 

95 

96 
92 

67 

79 

57 

67 
68 
144 

*56i 

92 

90 

139 

83 
105 
•40 

*120 
•123 
«'122 

84 

85 

103i 

97i 

59i 

109 

117 
/ 200 
1*1101 
185 

114 

90 
f 267 

l*154i 
81 

112 

*90 

98 

88 

131 

Cap. 
MUlions 

of 
GaUons. 

900 

548 

634 

629 

969 
809 

690 

1,821 

1,068 

866 
846 

13,125 

9.000 

1,158 

784 
1,026 

1,410 

1,610 

2,028 
1,832 
7,815 

2,806 

2,305 

1,408 

1,007 

660 

550J 

1,980 

1,100 

2,702 

2,120 

3,203 

2,200 

1,260 

1,050 

7A77 

1,142 

2,977 

1.250 

Date. 

1859 

1859 

1864 

1869 

1872 
1877 

1879 

1879 

1881 

1881 
1882 

1889 

1894 

1896 

1897 
1898-
1928 

1898 

1901 

1904-1 
1904^ 
1904 J 

1904 

1905 

1905 

1906 

1907 

1910 

1912 

1913 

1914 

1915 

1916 

1920 

1926 

1926 

1928 

1929 

1932 
in C01 
const 

Cost. 

£11,500 

£22,500 

£58,235 

£113,415 

t 
•1-

£199,221 

£63,400 

•1-

£163,174 
£151,378 

£620,000 

£63,000 

£470,083 

£299,000 

£316,000 

£339,466 

+ 

£1,836,700 

£305,000 

-H 

"*" 
£258,342 

£376,000 

£191,948 

£568,006 

£660,000 

£425,000 

£120,000 

£676,000 

£187,000 

£2,100,000 

£570,790 

£900,000 

£706,710 

£1,350,000 
arse of 
ruction 

" Depth of reservoir. f Tor power purpases, t Elgures not available. 
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Some very high dams have been built in the United States, and 
others are in course of construction. Among the more important 
of these are the 

TABLE XVII. 

High Dams in America. 

Wachusett Dam, Boston, Mass . . . 207 feet high 
New Croton Dam, New York . . . 297 
Arrowrock Dam, Idaho . . . .351 
Pacoina Dam, Cahfornia . . . . 380 
Hetch-Hetchy Dam, Cahfornia . . . 430 
Owyhee Dam . . . . . . 520 

The height in each case is measured from the lowest part of the 
foundation. 
The highest structure of the kind in America, and probably in the 

world, wUl be the Hoover Dam, now in course of construction on 
the Colorado River in the State of Nevada, which will be 1180 feet 
long on the crest and about 730 feet high above the lowest part of the 
foundations. This dam, with the other works in connection with it, 
is expected to cost £10,000,000. 
London's reservoirs are in a class by themselves. The sides of 

an ordinary storage reservoir are formed by those of the valley in 
which it is placed, and aU that is necessary in order to obtain the 
requisite capacity is to throw a comparatively short dam across the 
lower end. In the construction of the Metropolitan Water Board's 
reservohs no such convenient valleys were available, and the reser-
vohs have had to be formed above the level of the surrounding 
ground and surrounded on all sides by high banks. The first of 
these reservohs, near Staines, was completed in 1902 and brought 
into use in 1904. Others have since been constructed in the valleys 
of the Thames and Lee. The foUowing are now in use :— 

TABLE XVIII. 

Metropolitan Water Board's Reservoirs. 

Reservoir. 

Thames Valley. 
Staines (North) 

„ (South) . 
Kempton Park 
Walton: Knight 

„ Bessborough 
Island Barn 
Queen Mary 

Lee Valley. 
King George . 

Com
pleted. 

1902 
1902 
1906 
1907 
1907 
1911 
1925 

1913 

Area 
(acres). 

178 
246 
62 
51J 
74 
121 
723 

425J 

Depth 
(feet). 

39 
29i 
20 
42 
42 
30 
38 

27i to 32i 

Capacity 
(Millions of 
gallons). 

1,584 
1,754 
300 
480 
718 
922 

6,750 

3,073 
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The value of these great reservohs was conclusively demonstrated 
during the early months of 1934, when London enjoyed an un
restricted supply in spite of the almost unprecedented drought. 
The Board nevertheless thought it prudent to issue an appeal to 
consumers to take special measures to prevent waste and to use only 
so much water as they really required. The result of this appeal 
was an immediate drop of some 20,000,000 gallons in the daUy 
consumption. 

Overflow Weir. In order that a reservoh m a y not fill above the 
intended level, an overflow weir must be provided capable of carry
ing off the greatest flow which can ever find its way into the reservoir. 
The first step is to form an estimate of the maximum flow to be 
provided for, and this is no easy matter, for it is not safe to assume 
that the greatest recorded rainfaU on the watershed will never be 
exceeded. 

The question of floods on reservoir areas was investigated by a 
special Committee of the Institution of CivU Engineers, who issued 
a prehminary report in 1933. They give in their report diagrams 
showing the maximum intensity of rainfaU which m a y be expected 
for various durations of faU and over areas of different sizes. The 
maximum intensity of faU increases as the period shortens, being 
about J inch per hour for 24 hours, | inch per hour for 15 hours, 1 inch 
per hour for 7 hours, and 2 inches per hour for 3 hours. The heaviest 
faUs are usuaUy very local, so, as the area increases, the intensity 
becomes less. Over areas of 6,600, 16,000 and 32,500 acres the 
average intensities m a y be expected to be 90 per cent., 80 per cent. 
and 70 per cent, respectively of the maximum intensity at the 
point of greatest faU. 

The Committee found it impracticable, owing to the wide varia
tions in local conditions, to put forward any rules for arriving at 
the probable maximum flood discharge by calculation from the 
rainfaU, but they quote two formulse which may be found convenient 
in certain cases. 

Bransby WiUiams proposed the formula 

L 'IMF 
Period of concentration, in hours = R X A/-WJ 

where M is the extent of the catchment area in square mUes ; F the 
average faU in feet per 100 feet; L the length in miles from the 
most distant part of the catchment area to the point of outflow; 
and D the diameter in miles of a circle of area equal to that of the 
catchment area. 
According to Binnie and Lapworth, the maximum flood intensity 

from an area of M square miles is about 
750 ., 
-g-=; cu. sees, per square mile. 

From an examination of all the avaUable records of high floods in 
the British Isles, the Committee formed the opinion that the peak 
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rate of an " acute " catastrophic flood may be estimated as at least 
twice that of a standard flood. The overflow weir must be long 
enough to carry off such a flood -with, a depth of flow on its crest 
which will not bring the level of the water in the reservoir too near 
that of the top of the dam. Where the area of the water in a 
reservoir is 2 per cent, or more of the catchment area, the storage 
afforded by the rise in the level of the water above the crest of the 
weir has an appreciable effect in reducing the rate and depth of 
the overflow. The maximum depth of water on the weir must be 
taken into account in fixing the height of the dam. 

The crest of a stone or concrete dam may be utiUsed as a weh, but 
in the case of an earth bank the weir should not be formed on the 
dam itself, but in the sohd ground at one end. It sometimes happens 
that there is a low place in the ground surrounding the reservoir, 
and where this is the case it wUl generally be better to-form the 
overflow there than at the dam. Adequate precautions must be 
taken to prevent scour either at the foot of the dam or at the end of 
the channel from the overflow weir. 

Outlet Pipe. The outlet pipe from an earthen reservoir should not 
be carried through the base of the embankment, as this is apt to 
endanger both the embankment and the pipe itself. Water tends to 
creep along the outside of a pipe or culvert; and any structure 
which passes through an embankment is liable to injury from the 
unequal settlement of the earth. The outlet pipe should therefore 
be laid in tunnel through the solid ground at one end of the dam. 

The selection of the site for a dam, its design and construction, 
are among the most difficult and responsible tasks which f aU to the 
lot of the engineer. The shghtest error of judgment, the neglect to 
take every precaution, may lead to disastrous faUure, involving 
serious damage and often loss of lUe. 

FaUures. The worst occurrence of the kind in this country was the 
faUure of the Dale Dike dam, near Sheffield, which took place about 
midnight on 11th March, 1864. A landshp led to a settlement in 
the outer slope of the embankment, causing the puddle wall to 
subside and the water to flow over the top of the dam. The embank
ment was destroyed in a few minutes, releasing some 700 million 
gaUons of water, which rushed down the vaUey at a rate, it is said, 
of a mUe a minute, causing an enormous amount of damage and the 
death of 244 people. 
This disaster, terrible as it was, pales into insignificance in com

parison -with the faUure of the Johnstown dam. Johnstown is a 
city in Pennsylvania, U.S.A., about 75 miles from Pittsburg. The 
dam was built in 1852 across the South Fork of the Conemaugh 
River, 12 mUes above the city, to store water for the Pennsylvania 
Canal. O n 31st May, 1899, after an unprecedented rainfall, the 
dam gave way, releasing a body of water 700 acres in area and from 
50 to 70 feet in depth. The flood swept down the valley in a torrent 
20 feet or more in depth at a speed of 20 mUes an hour, and within 
an hour almost completely destroyed Johnstown and -wiped out 
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seven other towns in the valley. Between 2000 and 3000 lives were 
lost out of a population of 30,000, and the loss of property was 
estimated at 112,000,000. 

Reservoirs (Safety Provisions) Act, 1930. As long ago as 1865 a 
Select Committee of the House of Commons reported on a Water
works BUI which proposed to make all plans and works for the 
provision of large reservoirs subject to Government supervision. 
All plans of new reservohs were to be submitted to a central 
authority, who should appoint competent persons to inspect and 
report on them, to inspect the works under construction and on 
completion, and to continue the inspection of large reservoirs from 
time to time. The BUI, however, was not introduced, and nothing 
was done for 65 years. * 

In December 1925, following the disastrous bursts of the reservohs 
at Dolgarrog (North Wales) and Skelmorhe (Scotland), the Council 
of the Institution of Water Engineers passed a resolution calling upon 
the Government to hold a full inquiry into the chcumstances of 
these disasters. In 1930 the Reservoirs (Safety Provisions) Act 
was passed, imposing, in the interests of safety, certain precautions 
to be observed in the construction, alteration and use of reservohs. 
This Act, which came into operation on 1st January, 1931, makes it 
illegal to construct a reservoh capable of holding more than 5 milhon 
gallons of water above the natural level of the adjoining ground 
unless a qualified civil engineer is employed to design and super
intend its construction. It provides that every such reservoh shall 
be inspected by a quahfied civU engineer at intervals of not more 
than ten years. It provides further for the formation of a panel, 
or panels, of civU engineers who alone shall be quahfied to design and 
supervise the construction of large reservoirs and make periodical 
inspections thereof. These panels are set up by the Secretary of 
State, acting in conjunction with the Minister of Health and the 
Department for Health in Scotland. 

Service Reservoirs. The capacity which is requhed in a service 
reservoh wUl depend on the purpose for which it is used. If it is 
situated at the end of a long aqueduct from a distant gathering 
ground, it should be large enough to maintain the supply in case of 
accident to the aqueduct whUe the necessary repahs are being 
effected. Birmingham draws its supply from the Elan Valley, in 
Radnorshire, through an aqueduct 73|^ miles in length, which delivers 
the water into two service reservohs at Frankley and Bartley near 
the city. These two reservohs hold sufficient water to maintain the 
supply for three and a half weeks. 
In ordinary cases a reservoir holding two or three days' supply 

wUl usuaUy suffice, and if the reservoh merely serves as a " balancing 
tank " to maintain the pressure during the hours of greatest demand, 
a capacity of a few hours may meet the case. 
A reservoir should be divided into two compartments, one of 

which can be used while the other is being emptied for any reason. 
These compartments are sometimes buUt as separate tanks ; in other 
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cases there is a single reservoir divided into two parts by a 
low wall. 

A service reservoh is usually btiilt of concrete. It was formerly 
customary to make the walls heavy enough to resist overturning by 
the pressure of the water inside. Nowadays the walls are usuaUy 
much thinner, the strength requhed to withstand the internal pres
sure of the water being supplied by reinforcing them with steel bars. 
To compensate for the reduced thickness of the walls they are buUt 
of finer and richer concrete than is necessary in mass construction. 

In order that the reinforcement may exert its full strength, every 
bar must be placed in exactly the right position, and the greatest 
care must be taken in packing the concrete round them. 

A n ordinary service reservoh should always be covered. This is 
necessary, not only for the purpose of preventing contamination, 
but also of excludmg hght, for certain waters, when exposed to the 
sun, develop growths of algce, which, when they die and decompose, 
impart an unpleasant fishy taste to the water. 

The draw-off pipe should be placed a few inches above the floor, 
to aUow room for the deposition of settlement, and a cleansing pipe 
should be provided. In order that the reservoh may not fill above 
the proper level, an overflow pipe is usually placed a few inches 
above the intended top-water level. 
' If the reservoh is supplied from another at a higher level, an 
" equUibrium valve," on the principle of an ordinary ball valve, 
should be placed on the inlet pipe to stop the supply as soon as the 
reservoir is full. 

If, as usuaUy happens, water is to be drawn off from a reservoir 
whUe the supply is coming in, the inlet and outlet pipes should be so 
arranged that the water may not flow direct from one to the other, 
leaving the contents of the reservoh stagnant. 

Position of Reservoir. In selecting the site for a service reservoir, 
regard should be paid to the convenience of the area to be supplied. 
If possible, it should be centraUy situated, so that there m a y be no 
undue loss of pressure in long mains to distant points. In many 
of the older works in this country the reservoir has been placed at 
or near the source, which is often many miles from the town. The 
disadvantages of such an arrangement are twofold. The town is 
dependent on a long main, a burst at any point on which means the 
total cessation of the supply. The pipe must moreover be large 
enough to carry water in sufficient quantity to maintain the supply 
at any moment, and if, as often happens during the morning, the 
rate of consumption is two or three times the average for the day, 
the loss of pressure in the main wUl be from four to nine times as 
great as if the water were dehvered at a constant rate. If, however, 
the reservoh is placed near the town, it will fiU up at night and 
maintain the supply during the day. 

The httle town of Corsham, in Wiltshhe, obtains its supply from 
springs 5 miles away to the eastward. For a time the supply was 
ample, but as the consumption increased, more and more pressure 
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was requhed to force the water through the long main, with the result 
that the higher part of the town was -without water for years. 
Corsham accordingly found itself faced by the need for either lajring 
a larger main all the way from the reservoh, or for building a new 
reservoh close at hand. If at the outset the reservoh had been 
placed near the town, the existing main would have been amply 
large. Much discomfort would have been avoided, and a great deal 
of money would have been saved. 

GUlingham, in Dorset, is supphed from wells at Mere, in the 
adjoining county of WUtshhe, from which the water is pumped up 
to a reservoh 5 mUes from the town. In this case the capacity of 
the main is ample, but it runs in places through clay of a particularly 
corrosive nature, and bursts are not infrequent. Whenever the 
main burst, the town had to go without water untU the main was 
repahed, and had a the occurred at such a time there would have been 
no water to extinguish it. To safeguard the supply in the event of a 
burst in the main, a new reservoh, holding three days' supply, 
has now been constructed close to the town. 

Elevation of Reservoir. A ser-vice reservoh should be high enough 
to give a constant supply to the upper floors of the highest houses in 
the district. Where, however, there are skyscrapers several 
hundred feet high, it would be out of the question to subject the 
mains to the pressure which would be necessary to dehver water at 
the top of them, and the owners of such buildmgs must make their 
own arrangements for raising the water which they requhe above the 
height at which the pressure in the mains will dehver it. 
It is convenient to be able to extinguish a fire -without the aid of a 

fire engine, so the pressure in the mains should be high enough to 
throw a jet of water over any ordinary house. Pressures higher 
than are needed to meet these requhements are not only unnecessary, 
but undeshable, for they impose an excessive strain on the mains, 
the services and the fittings ; they increase the loss by leakage, and 
the water is apt to splash when drawn from a tap. Accordingly, in 
to-wns which, like Torquay, present great differences in level, it is 
customary to provide low-level reservohs, or to place pressure-
reducing valves on the mains which supply the lower levels. 

Water-Towers. It is often difficult, especially in a flat district, 
to find an elevated site for a reservoh, and in such a case a water-
tower wUl have to be erected. In the past these were usuaUy con
structed of brick or concrete, but the weight of such a structure, 
added to that of the water, imposes a hea-sry load on the foundations 
and supports. With a view to keeping down the load, tanks formed 
of cast hon or steel plates have often been used, but these have to be 
painted every few years. With a view to saving the cost of 
frequent repainting, I propose to enclose a deep steel tank, which I 
a m using as a service reservoh, in a thin shell of reinforced concrete. 

At the present time water-towers are usuaUy built in reinforced 
concrete, the tanks and the supports being of the same material. 
Owing to the thinness of the floors and walls, very great care is 
requhed to make them water-tight, and trouble from leakage is not 
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infrequent. To ensure water-tightness the inside of the tank is 
frequently lined with bitumen. 
A water-tower is a somewhat expensive structure. At Wymond

ham (Norfolk) a reservoir placed on the highest ground in the to-wn 
would have been too low to give sufficient pressure, and it was pro
posed to erect a water-tower, holding 80,000 gaUons, at a cost of 
£1600. Application was made to the Ministry of Health for sanction 
to the necessary loan, but when the inquhy was held it was sug
gested by the County CouncU that the scheme should be reconsidered 
with a view to supplying two neighbouring towns to the westward. 
The works were accordingly placed on higher ground two miles west 
of Wymondham, where two boreholes were sunk and a reservoh 
containing 240,000 gaUons was constructed close by. Although the 
capacity of this reservoh is three times as great as that of the 
water-tower which it replaces, it has been buUt for the same money. 
The weight of a large water-tower and its contents is very con

siderable, and in designing the foundations it is necessary not only 
to pro-vide sufficient bearing surface to carry the weight, but also to 
guard against unequal settlement. Unless the foundation is on 
rock, some amount of settlement is hievitable, but it should take 
place umformly. If, however, the load is unequaUy distributed, or 
if the supporting power of the ground is not uniform, unequal 
settlement -will take place. A water-tower was buUt a few years ago 
at Skegness, having a capacity of some 200,000 gallons, -with the 
floor of the tank 75 feet above the ground level. W h e n the tank was 
filled, the soft clay under the supports yielded unequally, causing 
it to tUt more than 28 inches out of the vertical. A part of this 
displacement was recovered when the tank was emptied. Its con
dition gave rise to grave anxiety. Sh Cyril Khkpatrick was ulti
mately called in, and under his dhection the tower was brought back 
to about 4 inches on the other side of the vertical. This was effected 
by confining the clay on the low side with sheet piling, and weakening 
that on the other side by means of a number of bore-holes until the 
tower settled back into position. 

A n exceUent and inexpensive small water-tower can be constructed 
of reinforced concrete tubes, set on end. These tubes can be obtained 
up to 8 feet in diameter. 

Standpipes. In pumping schemes the water is often delivered to 
a standpipe, consisting of a vertical hon pipe carried up to the 
height requhed to give the necessary pressure and ending m a 
n bend from which an overflow pipe runs do-wn to the ground. 
Such a standpipe affords no storage, but merely controls the pressure. 
In America the name " Standpipe " is given to steel cylinders of 
considerable diameter. 

Pneumatic Storage. Where for any reason it is not deshed to use 
a water-tower, water can be stored under pneumatic pressure in a 
cylinder at the ground level connected -with the supply main. The 
cylinder must first be pumped full of ah under the pressure at which 
the water has ordinarily to be supphed. Water is then pumped into 
the cylinder, compressing the ah into a smaller volume and filling 
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the space thus gained. W h e n the pressure in the main is reduced by 
the drawing off of water, the compressed ah re-expands and forces 
water from the cylinder into the main. The cyhnder thus acts as a 
reservoh, having an effective capacity equal to the difference in the 
volume of the ah at its highest and lowest pressures. 

This mode of storage is employed in the " Bruston Patent Auto-
Pneumatic System of Water Supply and Distribution," and is in 
use at Princes Risborough (Buckinghamshhe) and Silver End, near 
Braintree (Essex). In both cases the cyhnders are in duplicate, and 
the pumps which supply them are driven by electric motors. 

The Braintree installation supphes the Silver End Garden Suburb, 
which, when completed, will comprise about 600 houses. It has a 
continuous working capacity of 3000 gallons per hour, at a pressure 
of 150 feet. Two-thhds of the capacity of the cylinders is said to be 
available for storage purposes at the standard pressure. 

It is stated by the patentees of this system that a water-tower is 
unsightly and that it is impracticable to build one high enough to 
give sufficient pressure for a hydrant. They claim for theh system, 
as compared with a concrete water-tower, a saving in first cost of 
over 75 per cent. 

These statements would seem to be open to question. Unless 
pressure is wasted by the use of mains too small for theh work, there 
is no difficulty in building a water-tower high enough to throw a 
jet of water over any ordinary house. The figure given for the cost 
of a water-tower would appear to be exaggerated. 
The Bruston system attempts to show a saving in first cost by 

cutthig down the amount of storage to a minimum and relying on 
the pumps to meet any sustained demand. The same thing can 
be done just as well -with a water-tower, but few engineers probably 
would care to cut their storage so fine. 

Against the capital saving, if any, which might be effected by the 
use of pneumatic storage must be set the cost of pumping the water 
against a much liigher pressure than would otherwise be necessary, 
for U, as stated, two-thhds of the capacity of the cyhnders is used 
for storage, it foUows that, in order to utihse this capacity, the ah 
must expand to three times its least volume. If therefore the water 
has to be supplied at a head of 100 feet, it must be pumped into the 
cyhnder against a head of 300 feet, which will involve a large addi
tional expenditure of power. Over and above the charge for current, 
electricity undertakings usually make a "k.v.a." charge, based on 
the maximum consumption of current at any moment. 

The auto-pneumatic system is said to be particularly suitable in 
cases in which the yield of the source is too small to admit of the 
whole day's supply being pumped in a few hours. In such a ease, 
however, there is no difficulty in regulating the rate of pumping 
to a water-tower to suit the capacity of the source. There are 
doubtless some circumstances in which pneumatic storage can be 
used with advantage, but such cases are by no means so common as 
the advocates of the system would have us believe. 



CHAPTER XVI 

PUMPS 

WHEEE water cannot be found in sufficient quantity at a level high 
enough to afford a supply by gravitation, the whole or a part of the 
water wUl have to be pumped. The type of pump to be used will 
depend on chcumstances. In large steam-driven plants slow-mov
ing reciprocating pumps are frequently employed. A single-cyhnder 
pump dehvers the water intermittently, but -with a three-throw pump 
the discharge is nearly uniform. In either case an ah-vessel should 
be placed at the foot of the rising main to take up the inequahties 
in the deUvery from the pump and equalise the flow through the 
main. 
Rotary pumps have the advantage of delivering water at a 

constant rate. There are two distinct types of these : (1) the slow^ 
moving positive pump (Fig. 18), in which two interlocked pistons 
rotate in a pump-case, pushing the water before them, and (2) the 
centrifugal pump (Fig. 19), in which the water is drawn from the 
centre and flung outward by a rapidly rotating impeller. The 
term "rotary p u m p " is usually confined to pumps of the former 
type. 

Although centrifugal pumps have been kno-wn for more than two 
hundred years, they have, until comparatively recently, been 
regarded as suitable only for low lifts, and for a long time httle 
progress was made in theh development. With the high speeds 
obtainable with electric motors the field of the centrifugal pump has 
been greatly widened, and its low initial cost, simplicity of con
struction and smooth running have brought it into very general use. 
A new type of centrifugal pump has recently been designed for 

luting water from bore-holes. Where, as frequently happens, the 
water has to be pumped from a depth of a hundred feet or more, 
the only means formerly available for the purpose was a single-
barrel reciprocating pump lowered down the bore-hole to within 
a few feet of the water level and driven by an engine at the top. 
This arrangement is not particularly convenient: the weight of 
the reciprocating parts is excessive, and the wear and tear is often 
considerable. 

Centrifugal pumps are now on the market which can be placed in 
a 6-inch bore-hole, and although theh efficiency is not always so high 
as that of a reciprocating pump, theh simplicity, low cost and 
freedom from wear and tear are leading to theh general adoption. 
In order to give the necessary pressure, the pump is usually arranged 

157 
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to lift the water in stages, the pump being then called a multi-stage 
pump. 

A bore-hole pump is direct-driven by a motor at the top of the 
bore-hole, the shaft bemg placed in the rising main from the pump, 
and running in bronze bearhigs, fined -with lignum -sritae or rubber. 
Where the water contains much sand, it is necessary to protect the 
bearings, which is done by enclosing the shaft in an inner tube, 
filled with filtered water. 

The maximum height to which water can be raised by atmo
spheric pressure is about 30 feet, and to afford a margin a pump 
should always be placed within, say, 26 feet of the lowest level of 

FIG. 18.—BOTARY PUMP. 

the water from which it draws. A reciprocating pump -wiU hft the 
water requhed to charge it, but a centrifugal or multi-stage pump 
cannot, so must be filled before it can start. It may be " primed " 
by hand, but the bottom of the suction pipe must then be fitted -with 
a foot-valve to hold the water. It is better to dispense -with this 
valve and to place the pump below the water level. 

Injectors. A simple and convenient apphance for lifting water 
from a bore-hole is an injector, similar in principle to the Giffard's 
Injector which is used for feeding boilers. A n injector consists 
essentially of two hollow cones, one within the other, the inner cone 
conveying high-pressure water from the rising main, and the outer 
one being fed from the bore-hole. The high-pressure water issues 
from the inner cone at a high velocity, a part of which it communi-
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cates to the low-pressure water which surrounds it, thus drawing 
water in from the bore-hole and dehvering it at the ground level. 
Air Lilts. Water can also be Ufted from a bore-hole by means of 

an ah lift, consisting of two vertical pipes, the smaller one an ah 
pipe and the larger a rising main for the water. The ah is dehvered 

[By GouTlesy of Messrs. Qwynne^s Fumfs, Ltd. 

Fia. 19.—CENTKHTTGAI, PUMP. 

by the fiirst pipe to the foot of the second, through which it rises, 
mingled with water. In order that the lift may work, the pressure 
of the water in the bore-hole at the foot of the rising main must be 
greater than that due to the weight of the mixture of ah and water 
in tte latter, which means that the rising main must be carried down 
below the water level to a depth equal to one-and-a-half or t-wice 
the height of the lift. In order that the air may Uft the water, and 
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not merely slip through it in large bubbles without doing its work, 
the water and ah must be thoroughly mixed, for which purpose 
various forms of nozzle have been devised. The water, as it leaves 
the Uft, must be delivered in the open, so that the ah m a y escape. 

The overall efficiency of an ah lift is low—seldom reaching 40 per 
cent.—but its great simplicity and freedom from all moving parts 
-will often outweigh this disadvantage. A n ah Uft moreover can be 
placed in a bore-hole which is too small to accommodate any form of 
pump. Where the water contains hon, the aeration effected by an 
ah hft is distinctly beneficial. Air lifts have been used at the 
Birkenhead and Tunbridge Wells water works. 
According to Turneaure and Russell, the ordinary full-load 

efficiencies of the various types of p u m p are as follows :— 

TABLE XIX. 

Efficiencies of Pumps. 

Type of Pump. 

Reciprocating . . . . . 
Rotary 
Centrifugal 
Airlift . . . . . 

Minimum. 
(Per cent.) 

50 
50 
50 
15 

Maximum. 
(Per cent.) 

80 
80 
80 
40 

Whatever type of p u m p is used, the p u m p and the means for 
driving it should be in duplicate, so as to maintain the supply in 
case of the breakdown of any unit. 

Boosting. It frequently happens that a water main which was 
originally amply large for its work is over-taxed through an unfore
seen increase in the consumption. In such a case its capacity m a y 
be augmented by placing a centrifugal p u m p on its course. The 
uses to which such a p u m p m a y be put are described by HaUam, 
Mechanical and Electrical Engineer at the Manchester Corporation 
Waterworks, as follows :—-

" (1) Increasing pressure in high-level districts which cannot be 
reached by the nomaal pressure from service reservohs or pumps 
during periods of maximum demand. 

" (2) Increasing the pressure in trunk mains aheady existing, 
through which it is deshed to deliver a greater quantity of 
water. 

" (3) Supplying new districts where existing mains are overloaded, 
due either to incrustation in pipes or growth in demand. 

" (4) Increasing pressure in case of flre for large public buildings 
and institutions." 

Water is conveyed from Thhlmere to Manchester by three pipe
lines, and a fourth has been laid to a point near Lostock, about 
14 miles north of the city. The Corporation found themselves faced 
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by the need for extending this fourth Une to theh reservoirs, at an 
estimated cost of £800,000. This heavy expenditure was avoided 
by laying down a booster station at Lostock, whereby a saving was 
effected of £33,330 per annum initially, faUing to £16,690 as the 
consumption increases and additional boosting becomes necessary. 

This simple and inexpensive method of augmenting the capacity 
of a main, thus sa-ving the expense of duphcating it, deserves to be 
better known. In the case of an aqueduct conveying water to 
service reservohs the pump wUl usually work continuously, but in 
that of a service main it wUl only be necessary to keep it running 
during the hours when the consumption is greatest. Care should 
be taken not to increase the pressure in the main beyond what it 
will safely bear. 

POWER FOE PUMPING 

Power is measured in horse-power, a horse-power being equal to 
33,000 foot-pounds per minute. A horse-power therefore -wUl lift 
33,000 pounds to a height of one foot in one minute, or one pound to 
a height of 33,000 feet. The actual power of a strong horse was 
estimated by Smeaton at 22,000 foot-pounds per minute, but 
Boulton and Watt, not to over-state the power of theh engines, 
adopted the higher figure. A man rowing a boat exerts about one-
eighth of a horse-power, or, if turning a handle, about one-twelfth. 

A horse-power is merely a rate of doing work: to express the 
amount of work done we must take the time factor also into account, 
and speak of so many " horse-power hours." 

Mechanical power may be converted into other forms of energy 
and vice versa. The value of the British thermal unit, usually called 
a " B.T.U." (or B.Th.U.), and not to be confounded with the Board 
of Trade unit of electricity, was determined by Joule as 772 foot
pounds ; but later measurements have raised it to 778 foot-pounds. 
The calorific value of a fuel is expressed in British Thermal units. 

One pound of good Enghsh coal gives about 14,000 B.T.U. 
„ „ coke „ „ 12,500 
„ „ heavy oU 
„ „ petrol 
„ „ alcohol 

One cubic foot of London coal gas 

18,500 
18,450 
9,900 
500 

The calorific value of coal gas is rated in " therms," a therm being 
equal to 100,000 B.T.U. One thousand cubic feet of London gas, 
therefore, are charged for as five therms. 

A horse-power is equal to 0-746 kUowatt, and a horse-power-hour 
to 0-746 Board of Trade unit of electricity. 

The power which is developed by a reciprocating steam engine, 
an internal combustion engine or an air engine may be measured by 
multiplying the average pressure on the piston throughout its 

M 



162 WATER SUPPLY 

stroke by the distance travelled by the piston in one minute, the 
product, divided by 33,000, being kno-wn as the " indicated horse
power " of the engine. A part of this power is expended in over
coming the internal friction of the engine, that which is left and is 
available for doing outside work being caUed the " brake horse
power." W h e n power is transmitted by means of belting or gearing, 
a further loss of power occurs. 
In pumping water the head which is required to overcome the 

friction of the suction and rising mains must be added to the actual 
lift, and aUowance must be made for the loss of power which takes 
place in the pump itself. 
UntU about fifty years ago the engineer had only three kinds of 

motive power to choose from—^wind, water and steam. Wind power 
may conveniently be employed to pump a smaU supply, but it is too 
uncertain for use on a large scale without some other motive power 
in reserve. Where a -windmill is the sole means of pumping, the 
reservoh must be large enough to hold a week's supply or even more. 
A windmUl is, however, sometimes installed as an auxUiary. 

Water Power. Where water power is avaUable, no better means 
for pumping could be deshed, but the flow of a river is least in 
summer, when the demand for water is greatest, and at such times 
some alternative means for driving the pumps may be necessary. 
A n old-fashioned water-wheel is sometimes used, but a turbine is 
generaUy preferred. 

On faUs of 150 feet or over a " Pelton " wheel is generaUy used. 
This consists of a steel wheel with a broad rim to which shaUow cups 
are fixed. The power water is dehvered into these cups by two or 
three nozzles, from which it issues at a very high velocity. At 
Caribou, California, there is a Pelton wheel of 30,000 horse-power 
working under a head of 1008 feet and running at 171 revolutions 
per minute. According to Lea, the maximum efficiency of an 
ordinary turbine is about 85 per cent, and that of- a Pelton wheel 
about 76 per cent. 
Hydraulic Ram. If the yield of the source is sufficiently copious 

and a few feet of fall can be obtained, a hydrauhc ram (Fig. 20) 
may be used -with advantage. A hydrauhc ram is a very simple 
machine, consisting only of an air vessel and three valves, a waste 
valve, a dehvery valve, and a srdfting valve. It is supphed through 
a pipe the length of which should be from five to ten times the 
height of the working f aU, for the momentum of the water as it flows 
through this pipe furnishes the motive power to work the ram. For 
a few seconds the water escapes freely through the waste valve, 
gaining velocity aU the time, untU presently it hfts the waste valve 
against its seat. The sudden stoppage of the flow by the closing of 
this valve produces sufficient pressure to force a part of the water 
through the delivery valve into the ah vessel and thence up the rishig 
main. The cushion of air in the ah vessel prevents the impact due 
to the arrest of the rapidly moving column of water from wrecking 
the ram. The water as it passes through the ah vessel dissolves 
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and carries away a little of the air, and this is replaced through the 
smiting valve. 

A ram must be designed to suit the conditions under which it will 
have to work. A well-proportioned ram -will lift water to a height 
up to thirty times the working faU. As the lift increases, however, 
the proportion of the working water which can be lifted will be 
reduced, and the efficiency of the ram will fall off. Molesworth 
gives the following table, showing the efficiency of a hydraulic ram 
with different proportions of hft to fall. 

^4myyzy/^//////////////. 
FIG. 20.—^HYDBAULIC RAM. 

Lift H- FaU . 
Efficiency, per cent. 

Lift -4- Fall . 
Efficiency, per cent. 

4 
75 

13 
35 

5 
72 

14 
32 

6 
68 

15 
28 

7 
62 

16 
23 

8 
57 

17 
20 

9 
53 

18 
17 

10 
48 

19 
15 

11 
43 

20 
12 

12 
38 

25 
10 

One hundred gallons faUing 6 feet wUl hft 18| gallons 24 feet, but 
if the Uft is increased to 150 feet, only two-fifths of a gallon wUl 
be raised. 

Where the supply of potable water is not sufficient to work a ram, 
but an ample flow of less pure water is avaUable, the latter can be 
used to Uft the potable water. 

A hydrauhc ram is a very convenient and rehable apphance for 
lifting water, and -will work with very little attention. It makes a 
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good deal of noise, and the waste valve and its seat will wear out, and 
have to be replaced. 

Hydrostat. Water can also be made to lift itself by means of a 
Hydrostat. This machine, which is shown in section in Fig. 21, 
is more comphcated than a ram, comprising two pistons, both 
mounted on the same piston-rod, a pUot valve, an operating valve, 
and suction and delivery valves. Like a ram, however, it works 
automatically, and -with very httle attention. It can be used to 
lift either a part of the water which drives it or water from some 
other source. W h e n the driving water is of doubtful purity, no 
part of the piston-rod which comes into contact with it should be 
allowed to pass into the clean-water cylinder. 

The working water is admitted to one side or the other of the 
motive piston, according to the position of the operating valve, 
which in turn is controlled by the pUot valve. 

With the parts in the position shown, power water is admitted to 
the under-side of the " motive piston," forcing it upward, and -with 
it the " pump piston." As the motive piston nears the end of its 
stroke, it catches the striker and raises the pUot valve, thereby 
admitting the power water through its upper ports, and do-wn 
through its interior to the under-side of the operating valve. The 
latter thereupon rises into its higher position, in which it admits 
water to the upper part of the motive cylinder and throws the lower 
part into communication with the exhaust. The motive piston is 
then forced down, and when it reaches the bottom of its stroke it 
presses down the striker and lowers the piston valve, and the whole 
cycle begins anew. 
A hydrostat can sometimes be used to lift water to areas which 

lie too high to be served by the ordinary pressure in the mains, the 
supply to a low-lyhig area being utUised to p u m p water to a high-
level area. This can also be done by means of a hydraulic jet, 
similar in principle to the injector which is used to force feed-water 
into a boUer. The overall efficiency which was guaranteed for a 
hydrostat in a case with which I recently had to deal was 67-2 
per cent. 

Steam Engine. In the absence of wind power or water power, the 
steam engine was for nearly two hundred years the only source of 
power available. Since early in the eighteenth century, when it 
was first brought into use to pump water from the deep tin mines 
in Cornwall, the steam engine has been employed for an ever-
increasing variety of purposes, and has been brought to a high state 
of perfection. 
The pressures originally employed were very low, and in the 

earher engines a great part of the work was done by the pressure 
of the atmosphere, which was brought into play by condensing the 
steam in the cylinder. As time went on, tiie pressure steadily 
increased, and pressures as high as 600 lb. per square mch are now 
employed. To avoid the great changes in temperature which would 
result from completing the expansion of the steam from such high 
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pressures in a single cyhnder, compound, triple, or quadruple 
expansion engines are widely used. In these the steam, which has 
done its work in the first, or high-pressure, cylinder, is allowed to 
complete its expansion in a second, a thhd, or even a fourth 
cyhnder. 

In order that every possible ounce of work may be got out of the 
steam by carrying its expansion to the utmost hmit, the exhaust 
steam from the low-pressure cylinder is frequently passed through a 
condenser, in which a vacuum of from 25 to 28 inches of mercury is 
maintained. In a jet condenser the vacuum is produced by sending 
a jet of water into the steam, and in a surface condenser by passing 
the steam through a cyhnder containing a large number of tubes 
through which cold water is constantly flo-wing. A surface con
denser gives a somewhat better vacuum than a jet condenser, and 
it is pecuharly suitable for use at a pumping-station, as the water 
from the pumps m a y be passed through the tubes on its way to the 
rising main. 

A revolutionary departure in steam engineering was made in 1884 
by the invention by the late Sh Charles Parsons of the steam turbine. 
In the steam turbine, pistons, valves, and cranks are all done away 
with, and the steam impinges on the vanes of a wheel or turbine, 
revoi-dng at a very high speed—1500 revolutions per minute and 
upwards. The steam turbine is, in fact, the counterpart of the 
Pelton water-wheel. 
Dhect-acting pumps are compact and convenient, and are widely 

used. In these the steam cyhnder and the water cylinder are in line 
-with one another, and both pistons are keyed to the same shaft. 
The pressure of the steam is therefore transmitted direct to the 
water without the intervention of any connecting-rods or crank
shafts. As the pistons come to the end of theh stroke, the steam 
valve is tripped and steam is admitted to the other end of the 
cylinder. 

Pulsometer. In addition to the foregoing types of steam engine, 
all of which are extensively used for pumping water, there is one 
form of steam pump which is specially suited for use in pumping 
from excavations or other duties in which large volumes of dhty 
water have to be handled. This is the Pulsometer (Fig. 22), and 
consists of a couple of pear-shaped vessels, connected together at the 
top, and ha-ving no mo"ving parts except valves. The water is 
pumped by the direct pressure of the steam on its surface, the steam 
being admitted first to one vessel and then to the other. W h e n 
all the water has been forced out of one vessel the steam therein is 
suddenly condensed, forming a partial vacuum which draws up a 
fresh charge, and at the same time puUs over a ball-valve at the top 
of the vessel and diverts the flow of steam into the other. The 
pulsometer is not an efficient machine, but by reason of its con
venience, portability, and simphcity it is -widely used for duties for 
which other types of pump are quite unsuitable. 

Although steam is a very useful and reliable source of power. 
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and there is many a venerable steam p u m p stUl doing good work 
to-day, it has certain inherent disadvantages. Steam engines and 
boilers are expensive, and they requhe constant attendance. In 
large works this is not a serious matter, but it would be so in a smaU 
pumping station. 

The steam engine, moreover, is not a very efficient machine, for 
the heat which is expended in converting the water into steam is all 
wasted, and only that part of the heat is utilised which goes to raise 
the temperature and pressure of the steam after it has been generated. 
In a low-pressure engine this unavoidable " thermal " loss is very 
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FIG. 22.'—PUISOMETEB PUMP. 

serious. A steam pump which gives a horse-power for twelve 
pounds of steam per hour is considered a very good one, and such a 
pump only turns into useful work about one-fifth of the energy 
furnished by the coal. A n ordinary deep-weU pump often wastes 
99 per cent, of the total energy. 
Internal Combustion Engine. The need for a source of power 

which is more efficient than a steam engine, and does not need such 
constant attention, has led to the introduction of the internal 
combustion engine. In the internal combustion engine, as in the 
steam engine, power is obtained from the pressure of an elastic fiuid 
on a piston (or plunger), but this pressure, instead of being produced 
by the generation of steam in a boUer, is derived from a series of 
explosions inside the cylhider. These explosions generate a great 
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deal of heat, a part of which has to be carried off by a choulation 
of water through a water-jacket. In the earher engines of this type 
the explosive mixture consisted of ordinary coal gas and ah. Coal 
gas, however, is expensive, for it is made primarily for use as an 
Uluminant, for which purpose it has to conform to requhements 
which are not necessary in the production of power. 

A number of so-caUed " fuel-gases" have accordingly been 
introduced, kno-wn variously as "water gas," "Dowson gas," 
" Mond gas," and " suction gas," or by the generic name of " pro
ducer gas." Simple producer gas is a mixture of carbon monoxide 
(CO) and nitrogen, about 35 per cent, of the former and 65 per cent. 
of the latter. It is made by passing a restricted supply of ah through 
a thick bed of incandescent coke. In the absence of sufficient 
oxygen for complete combustion the coke is merely burnt to carbon 
monoxide. To form the other fuel gases, superheated steam is 
blown through a fire, either of coke or a cheap grade of coal. The 
steam is decomposed by the heat into its constituent oxygen and 
hydrogen. The oxygen unites -with the carbon of the fuel to form 
carbon monoxide, and the hydrogen passes on unchanged. Pro
ducer gas consists mainly of carbon monoxide and hydrogen, dUuted 
-with varying proportions of carbon dioxide and nitrogen. Its 
calorific value is only from a quarter to a half that of coal gas, but 
o-wing to its low cost of production it is far more economical in use. 
Acetylene gas may also be used. 

The explosive mixture may also be formed by vaporising an oil, 
such as petroleum, benzol, or petrol. These light oUs are expensive, 
but they are very convenient for use in small engines, such as those 
of motor-cars or aeroplanes. For large plants the hea-vy oUs which 
are left over after the lighter ones have been distilled off are more 
economical. These heavy oUs are not so easily vaporised, but 
means for the purpose are now avaUable. 

In the case of the fighter oils the explosive mixture is ignited by 
means of a red-hot tube or an electric spark. In the Diesel engine, 
which uses a hea-vy oU, special means for ignition are dispensed with, 
and the air in the cylinder is compressed to a high pressure before 
the oil is forced into it. The temperature of the air is thus raised 
to so high a point that the oil ignites spontaneously. The semi-
Diesel engine, as its name implies, is a modified Diesel engine. 
A n internal combustion engine, even of moderate size, utihses a 

much higher proportion of the energy furnished by the fuel than is 
possible -with the best steam engine, efficiencies as high as 34 per cent. 
being obtainable. 

Humphrey Internal Combustion Pump, In the Humphrey p u m p 
all moving parts other than valves are dispensed "with, and the water 
is pumped by the pressure produced by exploding a mixture of gas 
and ah acting directly on the water in the rising main. Fig. 23 
is a diagram of the pump in its simplest form. A is the combustion 
chamber, B the rising main, C the inlet valve for water (actually a 
number of small valves, each held to its seat by a light spring), 



168 WATER SUPPLY 

D the inlet valve for the combustible mixture, and E the exhaust 
valve. Valves D and E are connected by an interlocking device so 
that they cannot both be open at the same time. 

The working cycle is as foUows :— 

(1) The mixture of gas and air in the combustion chamber is fired 
by means of a sparking plug, and the pressure which is produced by 
the explosion forces the water up the rising main, the column of 
water gaining momentum as it goes. This momentum carries the 
water beyond the point to which it would be forced by the pressure 
of the gases. It therefore leaves a partial vacuum behind it, which 
draws more water into the rising main. 

(2) W h e n the momentum of the column of water is exhausted, 
it swings back down the rising main, again gaining momentum in its 
course. It forces a part of the spent gases out through the exhaust 
valve, leaving the rest to form a cushion. This cushion is com-

FiG. 23.—HuMPHBEY PUMP. 

pressed by the returning column of water and brings the latter to 
rest. 

(3) The compressed gases again expand, and the water is once 
more forced up the rishig main, producing as before a partial vacuum 
in the combustion chamber and dra-wing in a fresh charge of gas and ah. 

(4) The column of water again swings back, and compresses the 
mixture of gas and air, which is fhed in due course. The cycle then 
starts anew. 
A set of Humphrey pumps is in use at Chingford, pumping water 

from the River Lee into the King George reservoh. Its efficiency 
is said to compare favourably with that of a high-duty pumping 
engine. It was thought that water pumped in this way might pick 
up impurities from the gases of combustion with which it comes into 
contact, but this does not appear to be the case. 

Electricity. Pumps, like other machinery, may be conveniently 
driven by electricity. The wide distribution of electricity, especially 
since the war, has led to its very general use for power production. 
Electricity, however, is not a source of power, but merely a means 
for transmitting power from one place to another. 
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Electricity may be supphed either as " dhect current," a current 
constantly flowing in the same dhection, or as " alternating current," 
in which the direction of flow is reversed many times in a second. 
Dhect current may be likened to a belt driving a puUey, which always 
runs in the same dhection, and alternating current to a piston-rod, 
which travels rapidly to and fro. Alternating current again may be 
single-phase, two-phase, or three-phase, according to the number of 
chcuits employed. Three-phase current is particularly convenient 
for power transmission. 

An. electric current is measured in " amperes," and its pressure, 
or electromotive force, in volts—^units which are analogous to 
gaUons per minute and pressure in pounds per square inch respec
tively in the ease of water. Electromotive force is also termed 
"voltage," " potential," " tension," or briefly, " E.M.F." 

The unit of electrical power is the " watt," or volt-ampere, but, 
to obviate the use of inconveniently high figures, power is always 
measured in thousands of watts, or " kUowatts." A supply of 
1000 watts maintained for one hour is called a " Board of Trade 
unit." One horse-power is equal to 746 watts and a kilowatt to 1-34 
horse-power. 

Electricity travels in a closed chouit, and is turned on or off by 
closing or opening a switch. The conveyance of electricity involves 
a loss of pressure, the amount of which depends on the quantity of 
current conveyed and the length and sectional area of the conductor. 
The resistance of a conductor to the passage of electricity is measured 
in " ohms." The fundamental law which governs the transmission 

F 
of electricity is C = .g, where C = current in amperes, E the number 
of volts expended in transmission, and R the resistance of the 
conductor in ohms. 

The energy which is lost in transmission is converted into heat. 
In an electric heater or an electric lamp the whole of the energy is 
designedly turned into heat, but in other cases the amount of energy 
so converted is kept down to a minimum. The electromotive force 
which is requhed to convey a given amount of current is inde
pendent of the total pressure, and depends solely on the quantity of 
current and the resistance of the conductor. Since electrical energy 
is the product of volts and amperes, and 10 amperes at 1000 volts 
wiU give precisely the same amount of power as 1000 amperes at 
10 volts, it follows that the higher the potential the less will be the 
amount of current to be conveyed, and consequently the smaUer 
the proportion of the total energy which wiU be expended on its 
transmission. Where therefore electricity has to be carried a long 
distance, a very high pressure is employed. With an electromotive 
force of 200,000 volts electricity can be transmitted to a distance of 
200 miles. 

In order to prevent leakage, an electric conductor must be insu
lated, and the insulation requhed to withstand a high pressure is 
very costly. For this reason, bare overhead whes are often used. 
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The pressures which are employed for long-distance transmission 
are far too great to be used with safety, so must be reduced by 
passing the current through step-down transformers. Four hundred 
volts is a usual pressure for power purposes, and 200 or 220 volts for 
lighting. Where three-phase current is used, it is generaUy supphed 
at a frequency of 50 cycles per second. For long-distance trans
mission, alternating current is almost invariably used. If direct 
current is requhed, it can be obtained by passing the current through 
a rotary converter. A direct-current motor can be run at any 
convenient speed, but an alternating-current motor must run in step 
•with the generator. 
The type of motor which should be used in any particular case 

-wiU, of course, depend on the kind of current -with which it is sup
pUed. For use on alternating-cmrent chcuits two types of motor 
are available—̂ the " squirrel-cage," in which the ends of the -wind
ings of the rotating portion, or " rotor," are aU connected together, 
and the " shp-ring," in which the ends of the coUs are connected 
•with metal rings, fitted with brushes, and so arranged that resistances 
may be introduced into the rotor chcuits. 
The squirrel-cage motor is in many ways the better. It is simpler 

in construction : it has no mo-ving contacts, and it is less likely to 
get out of order. On the other hand, it requires more current to 
start it, in some cases five times as much as it uses when running 
at fuU load. The sudden abstraction of so much current from the 
mains causes a momentary drop in pressure, and consequent flicker
ing in any Ughts which may be supphed from them. For this reason, 
squhrel-cage motors are not regarded favourably by electricity 
undertakings, and for powers of more than about five horse-power 
shp-ring motors are generaUy insisted on. Squirrel-cage motors 
are now, however, obtainable which do not requhe so much current 
to start them. 
When an electric motor is started up, the current must not be 

switched on suddenly, or the rush of current would bum out the 
coils of the armature. The current is therefore passed through a 
resistance, which is s-witched out automatically when the motor 
attains its full speed. 
Damp is a great enemy of electrical apparatus of every kind, for 

it leads to short-chcuiting and the burning out of the coUs. Where 
therefore a motor has to be instaUed in a damp situation, it should 
be thoroughly waterproofed, and the starting coils should be placed 
in a case in which a lamp is kept burning. 
Pumping by electricity involves a number of transformations of 

energy, the thermal energy of the coal being successively converted 
into mechanical energy, electrical energy, and back again into 
mechanical power, and each one of these conversions involves a loss 
of energy. Where moreover the current is conveyed far, it is usually 
raised to a very high voltage, from which it has to be transformed 
do-wn again to a potential which is safe for use, and every such trans
formation means a further loss of energy in addition to that which 



PUMPS 171 

takes place in the fine. Against these cumulative losses must be set 
the high efficiency at which electricity can be generated in a large 
station and the great convenience of being able to obtain it at any 
moment by merely closing a s-witch. 
It was hoped that when a general supply of electricity from 

superstations became avaUable it could be suppUed at a very low 
price, but this expectation has not yet been realised. M y chents in 
various parts of the country are paying from ̂ d. to l^d. per " Board 
of Trade imit." I was asked a few years ago to pay 2d. per unit, 
plus a " subscription " of £6 per annum per k.w. of maximum 
demand, but in this case fortunately I was able to faU back on water 
power. 
In addition to the cost of the current, there is usuaUy a "k.v.a. 

charge," based on the maximum quantity of current taken at any 
moment during the month or the quarter, as the case may be. This 
charge varies from £3 10s. to £9 per k.v.a. per annum. 

Where, however, no current is taken during the hours of peak load 
(say from 4 to 7 p.m.) during the winter months, the k.v.a. charge is 
generaUy reduced. The Wessex Electricity Company reduce theh 
k.v.a. charge by one-half. The Norwich Electricity Department 
make a reduction of 10 per cent. only. 
The character of the electric motor, its rotary motion, and its high 

speed—1450 revolutions per minute is a usual rate—^have naturally 
influenced the design of the pump which it drives. High-speed 
centrifugal pumps can be placed on the motor shaft, thereby avoid
ing any loss of power in transmission through belting or gearing. 

It is convenient to be able to stop a pump automaticaUy when a 
reservoh is fuU, so that the m a n in charge of it may not have to wait 
to do so. This can readUy be done by means of a float-switch or other 
equivalent device. A float-s-witch can also be used to start the 
pump, but there is a certain danger in ha-dng a plant completely 
automatic, and in ordinary cases it is just as well that the attendant 
should be compeUed to pay a daUy visit to the works to start his 
pump. 

Rising Mains. Some dogmatic statements have been made as to 
the proper velocity of flow in a rising main. The size of the pipe 
which should be used in any particular case "wUl depend on the 
cost of the power, and should be such that the interest on the cost 
of the main plus the annual cost of power -wUl be a minimum. 
Where reciprocating pumps are used, there should never be a sluice 

valve on the rising main, for the closing of the valve might lead to 
the -wrecking of the pump. With centrifugal pumps this is not so 
important, but even -with these the sudden closing of a valve would 
impose an undue strain on the pipes. 

A reflux valve is usually placed at the foot of the main. 
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DISTRIBUTION 

Constant v. Intermittent Supply. It was customary at one time to-
restrict the supply to certain hours of the day, and every house
holder was compelled to provide a cistern to furnish water during 
the period when the supply was cut off. This system has nothing 
to recommend it, and it is from every point of view disadvantageous. 
It imposes an unnecessary expense on property owners : the water 
stored in a cistern is exposed to the risk of pollution; and U the 
cistern is emptied before the water is again turned on the closets 
cannot be flushed. 
The only object which can conceivably be served by cutting off 

the supply for several hours each day is to reduce the amount of 
water lost by leakage ; but against the saving of water thus effected 
must be set the waste which results from taps being turned on and 
left open while the supply is cut off. A constant supply of water 
day and night is now universally recognised as essential. 
Lines of Mains. The laying out of the service mains usuaUy 

presents little difficulty, but where several places have to be suppUed 
the best arrangement of the mains is not always obvious. In such 
a case it -wUl generally be necessary before deciding on the hnes of the 
mains to prepare a number of comparative estimates. 

Care should always be taken to guard against any interruption 
of the supply in case of a burst or other chcumstance which renders 
it necessary to shut off any particular main. It is often possible to 
connect the ends of two of the chief mains in such a way as to form 
a ring, from which the branch mains may be supplied at either end. 
There should be a sluice valve on every branch where it leaves the 

main. 
Sizes of Mains. In deciding on the size of a main it is necessary 

to prepare for the largest quantity of water which it -will ever have 
to carry, now or in the future, and to take account, not merely 
of the average rate of consumption throughout the day, but of the 
greatest demand at any moment. In a main which carries the 
supply for a large to-wn the hourly fluctuations are to a certain extent 
smoothed over, and the maximum flow may not be more than t-wice 
the average, but a branch main -will often be called upon to deliver 
water at three or four times the average rate, or even more. 

In a sparsely inhabited country district one frequently meets 
•with mains as small as l|-inch or even IJ-inch. The Ministry of 
Health do not care for pipes less than 3 inches in diameter, and having 
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regard to the need in case of fhe for an ample supply of water at a 
good pressure, 4 inches would be a safer minimum. 

P there is any Ukelihood of the capacity of the pipes being 
reduced by incrustation, due allowance should be made for it. 

The size of the pipe requhed to convey a given quantity of water 
•with a given loss of head may be obtained from Tables VII and VIII 
(pp. 86-7) or from any other good table. 
There are various materials of which water m a m s may be made. 
Lead Pipes. The Romans used lead pipes, but inasmuch as the 

art of dra-wing lead was then unkno^wn, they made theh pipes of 
sheet lead -with a longitudinal folded joint. Pipes made in this way 
can be seen at the old Roman baths at Bath. Lead, however, is 
expensive, and lead pipes of any size -will not stand high pressures. 
Their use is accordingly confined to house ser-vices. 

Wooden Pipes. Some of the earhest mains laid in this country and 
America were formed of tree-trunks, bored longitudinally •with holes 
of the requhed diameter, and tapered at one end, which was driven 
into a socket formed in the next pipe. Pipes of this kind are occasion
ally dug up in London and elsewhere. Of late years similar pipes, 
strengthened by an external sphal •winding of hon, have been 
extensively used in the United States. These pipes, which are 
kno-wn as " improved Wyckoff pipes," are made in lengths up to 
12 feet, and diameters from 2 to 6 inches. They are coated outside 
•with pitch or asphalt to protect the hon bands, and are jointed by 
means of a tenon and mortise, or by wooden thimbles fitting 
tightly in mortises cut in the ends of the pipes, which are driven 
together by a wooden ram. 

According to Tumeam^e and Russell, wooden pipes, when properly 
constructed, are very durable (many old mains have been found 
perfectly sound after sixty or seventy years in use) : they are not 
subject to corrosion by electrolysis nor affected by changes of 
temperature ; and wood, being a non-conductor, protects the water 
against cold and heat. The interior, moreover, is very smooth. 

Pipes made of wooden staves are also -widely used in America. 
They range from 1 to 12 feet in diameter. The staves vary from 
about 1J to 3 inches in thickness and from 4 to 8 inches in •width, 
and are bound together by steel bands. These pipes may be used 
for pressures up to about 100 lb. per square inch, above which steel 
pipes will usually be more economical. Tests of stave pipe-fines 
have sho^wn in some cases practically no leakage : a loss of 500 gallons 
per inch of diameter per mUe per day is regarded by some as quite 
satisfactory. In laying large stave pipes, whether in the open or in 
the ground, special precautions must be taken to prevent their 
deformation. 

Cast-iron Pipes. In this country, until comparatively recently, 
water mains were nearly always laid -with cast-hon pipes, formed 
-with spigots and sockets and jointed -with lead. The pipes were cast 
in greensand moulds around cores of the same material, stiffened 
-with hon rods. At one time the moulds were placed in a liorizontal 
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or sloping position, but this method has two serious disadvantages. 
The long and slender core is apt to sag toward the lower side of the 
mould, causing this side of the pipe to be thinner than the upper; 
and the lighter impurities in the hon rise to the top and accumulate 
in the upper side of the pipe. Both these drawbacks are avoided by 
casting the pipes in vertical moulds, and this method is now generally 
insisted on. The impurities rise to the top, and the " head" 
containing them is cut off when the pipe is taken out of the mould. 
Two-inch pipes are cast in 6-foot lengths, 3-inch in 9 foot, and larger 
sizes, up to 4 feet in diameter, in 9-foot or 12-foot lengths, exclusive 
in each case of the depth of the socket. As soon as the pipes are 
removed from the moulds they are-subjected to a water test, the 
pressure depending on the head under which they wUl have to work. 
They are then heated to a temperature not exceeding 250° F. and 
dipped in a bath of Dr. Angus Smith's solution, which is kept at a 
temperature of not less than 300° F. nor more than 330°. This 
solution was originaUy composed of 30 gaUons of coal tar, 30 lb. of 
fresh-slaked hme, 6 lb. of tallow, 3 lb. of lampblack, and IJ lb. of 
resin, well mixed and boiled for 20 minutes. A mixture of four 
parts of crude gasworks tar and one part of tar oil or anthracene oil 
has been found to be equally satisfactory and is now generally used. 
Such a coating cannot, however, be absolutely rehed on in all cases, 
for a very soft or shghtly acid water is apt to corrode the pipes in 
spite of it. Where this takes place, the inside of the pipe becomes 
coated -with nodules of hon oxide, which seriously reduce its carrying 
capacity. The rising mains to the Exeter reservohs at Danes' 
Castle lost more than half theh capacity in this way, and the gradual 
removal of the hon from the substance of the pipes left Uttle more 
than a shell of graphite. 

Some hard waters, moreover, form deposits of lime in the pipes, 
-without in this case destroying theh substance. Such incrustations 
can be removed by means of scrapers, which are forced along the 
pipe by the pressure of the water behind them. Large pipes which 
have to carry corrosive waters are sometimes fined intemaUy -with 
a coating of bitumen, cement, or concrete. 

Certain kinds of clay eat through the external coating of hon or 
steel pipes which are laid in them and attack the metal. This 
happened at GUhngham (Dorset), where, as aheady mentioned, 
several bursts have been caused by corrosion. SimUar trouble 
has been experienced at GuayaquU (Ecuador). 

Pipes laid in deposits of peat or cinders are also hable to corrosion. 
In all such cases the pipes should either receive an external coating 
of concrete, bitumen, or some other material capable of resisting 
the action to which they -wUl be subject, or should be surrounded by a 
thick layer of non-corrosive material. 

Electrolysis. Where a water-main or gas-main runs paraUel to 
an electric tramway, serious corrosion may be caused by the passage 
along the pipes of stray currents from the rails. The pipes act as 
conductors, receî ving current from the rails where theh potential is 
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lower than that of the latter, and parting -with it where this con
dition is reversed. N o harm is done where the current passes into 
the pipes, but where it leaves them a corrosive action is set up. If 
the current passing along the pipe is strong, corrosion •wUl also take 
place at the joints. 

Serious trouble from electrolysis has been experienced in American 
cities ha-vtng single-troUey electric raUways. In such cases the 
pipes are sometimes eaten through in three or four years. At 
Richmond, Virginia, damage to the amount of £35,000 was done 
to the mains, exclusive of the deterioration of the service pipes. 

Although in this country less harm has been done by electrolysis, 
the matter is engaging the serious attention of those concerned. 
The Metropohtan Water Board have adopted precautions against 
electrolysis, and the Board of Trade have laid down rules and 
regulations for its prevention. A water-main should never be laid 
within two feet of a tramraU. 

Electrolysis m a y also be caused by.local currents, set up by the 
action on the pipes of soluble salts in the soU. 

British Engineering Standard Specification. Until comparatively 
recently every pipe-maker used his o-wn patterns and every engineer 
his o-wn specification. With a -view to uniformity, the British 
Standards Institution have dra-wn up the " British Standard Speci
fication for Cast-iron Pipes and Special Castings," which lays down 
the thicknesses of pipes for different pressures, the dimensions of 
the sockets or flanges, and the numbers and sizes of the bolts for 
flanged pipes. Four classes of pipes are specified :— 

Class A, Tested under a head of 200 feet of water. 
:; -D, 5, , J , J rtUU ,, ,, ,, 

}J ^ 5 5 J )» 5 5 O U O ,, ,, ,, 

)J -L'; 5) )) )J O U U ,, ,5 ,5 

It is suggested that the working pressures should not exceed one-
half of the respective test pressures. Class A pipes are described as for 
gas, and classes B, C, and D as for water and sewage. In the case of 
water mains it should not be forgotten that the sudden closing of a 
valve or hydrant may subject the pipes to a momentary pressure 
much higher than that under which they are ordinarUy worked. 

Spun Pipes. Within the last few years a new method of making 
hon pipes has come into use. The core is dispensed with, and the 
mould is rotated on its axis at a high speed while the molten hon is 
being poured in. The ladle moves slowly from one end of the mould 
to the other, and the metal is thro^wn outward by centrifugal force 
against the inner face of the mould. The shrinkage of the pipe on 
cooling enables it to be -withdrawn from the mould. 

Spun hon pipes are made in this country by the Stanton Iron
works Co., Ltd., and by Messrs. Cochrane & Co., Ltd., of 
Middlesbrough, under hoence from the International Delavaud 
Manufacturing Corporation, Ltd. The moulds are of steel, and are 
kept cool by a circulation of water. The sudden cooling of the hon 
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due to its contact with the cold surface of the mould renders it 
brittle ; so the pipes have to be annealed on their removal from the 
mould. The annealing produces a dense, strong, elastic metal of 
uniform grain, the tensile strength of which is said to be at least 
70 per cent, greater than that of ordinary sand-cast pipes. Spun 
pipes are accordingly made about 25 per cent, thinner than sand-
cast pipes to withstand the same internal pressure. They are made 
in diameters rangmg from 3 inches to 20 hiches and lengths up to 
18 feet. The Staveley Coal and Iron Co., Ltd., are now making spun 
iron pipes in sand moulds. 

The actual internal diameters of spun iron pipes are somewhat 
greater than theh nominal diameters, giving an appreciable increase 
in carrying capacity. 

Steel Mains. Large mains, over say 4 feet in diameter, are gener
ally formed of steel tubes, and these are sometimes used for mains of 
smaller diameter. 

Steel tubes were formerly made' of flat plates, 
rolled into shape, riveted together and caulked at 
the edges, but tlie edges of the plates, instead of 
being riveted, are now usually welded together. In 

OPEN butt-welding the edges are left square; in lap-
welding they are bevelled. 

The main, 351J miles in length, which conveys 
water from near the coast to the Coolgardie Gold-

3 flelds (West Australia) is laid -with 30-inch steel 
tubes. The transport of these tubes from England 
would have been a very expensive matter, so to 
save space on shipboard the plates were sent out 

LOCKING BAB. flat, bent to the proper shape, and joined at the 
edges by H-shaped locking bars (Fig. 24), which 

were placed in position on the edges of the plates and closed by 
hydrauhc pressure. Much trouble, by the way, has been experi
enced with this main both from internal and external corrosion. 

The British Mannesmann Tube Co., Ltd., make weldless steel 
tubes, from l^ inches to 16 inches in diameter and lengths up to 
55 feet. The tubes are formed from steel ingots, varying in size, 
composition, and tensile strength according to the class of tube that 
is requhed. The ingot is first cut to length and heated in a gas-fhed 
furnace to a white heat. It is then placed in a piercing machine, 
driven by a 2500-horse-power engine, in which it is rotated at a 
high speed by means of steel rolls, and at the same time forced for
ward over a mandrel -with a piercing head. This operation converts 
an ingot which was originally say 3| feet long into a hoUow bloom 
from 6 to 8 feet in length, which is passed on to the rolhng mills. 
A mandrel bar is inserted in the bloom, which is forced forward by 
hydrauhc pressure between steel rolls, receiving meanwhUe a succes
sion of heavy blows which reduce the external diameter of the 
bloom, -with a corresponding increase in its length. The tube is 
then straightened and the ragged ends are cut off. 

& 

^ 
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The ends of the tubes may be screwed for loose sockets, flanged for 
rigid or flexible joints, or staved for spigot and faucet ends. All 
weldless tubes are tested to a pressure of 1000 lb. per square inch 
before they leave the works. To protect them from corrosion, they 
are Uned intemaUy -with bitumen and -wrapped in one or two layers 
of Hessian cloth, steeped in the same material. 

Reinforced concrete tubes can be made to withstand a high internal 
pressure. 

Asbestos-Cement Pipes. In the course of the past few years 
pipes made of Portland cement and asbestos, and kno-wn as " Everite 
Pressure Pipes," have come into extensive use both in this country 
and abroad. The pipes are buUt up of a contmuous film of the 
asbestos cement material, about 1/100 inch thick, which is rolled 
on a mandrel under a uniform heavy pressure.. This brings about a 
complete cohesion of the successive layers and produces a strong 
homogeneous pipe. Everite pipes are made in lengths of 12 feet 
and nominal bores of 2 inches, 3 inches, 4 inches, 6 inches, and 
9 inches ; and in three classes. A, B, and C, suitable for use under 
heads of 100, 200, and 300 feet of water respectively. Pipes of each 
class are tested under a pressure equal to three times the working 
head. 

It is claimed for them that, by reason of theh smooth interior 
surface, they have a larger carrying capacity than hon pipes 
of the same nominal diameter, that they are incorrodible and 
imperishable, and immune from incrustation or tuberculation. 
They weigh less than half as much as cast-hon pipes of the same 
diameter. 

T w o forms of joint are in use : the " Simplex," which is made 
•with two rubber rings and a sohd sleeve of " Everite " material, 
and the " detachable," consisting of two loose cast-hon flanges and 
a central cast-hon sleeve, at the ends of which there are two rubber 
rings. 

O^wing to the flexibihty of the joints, straight pipes m a y be laid 
around curves of large radius. For siiarper bends and junctions 
cast-iron special castings are used. 

The Ministry of Health aUow a loan period of twenty-five years 
only for " Everite " pipes, as against thhty years for cast-hon pipes, 
but the consequent difference in the loan charges is compensated for 
by the lower price of the former. 

Laying. A water main should never be laid with less than 3 feet 
of cover. This is necessary in the fixst place in order to prevent 
breakage, which, in these days of unyielding road surfaces and 
heavier and speedier traffic, is an ever-increasing menace. Water 
in a pipe laid -with insufficient cover is subject moreover to changes in 
temperature : it is warm in summer and liable to freeze in -winter. 
Three feet of cover is regarded in this country as affording ample 
security against frost. At Schenectady, N.Y., during the hard 
-winter of 1891-92, when there was no snow on the ground to protect 
the service pipes, they froze at a depth of 5 or 6 feet, and had to 

N 
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be thawed out at great expense by boring holes in the frozen ground 
and blo-wing in live steam. 
The greatest care should be taken to give the whole length of each 

pipe a fij-m and uniform bearing, or it -wiU be Uable to breakage by 
the weight of the superincumbent earth. 

W h e n water mains and sewers are laid at the same time, a certain 
sa-ving in excavation m a y be effected by laying them both in the 
same trench, but this necessitates bending the water mains to pass 
around the manholes. The one pipe should never be laid dhectly 
over the other, for it would be liable to fracture by the settlement of 
the filling. The water main should therefore be laid on a ledge cut 
in the sohd ground by the side of the sewer. 

Jointing. Iron pipes with spigots and sockets are usually jointed 
-with lead, which is melted in a ladle, run into the socket, and 
thoroughly caulked. With the object of preventing the lead from 
getting inside the pipe, a strand or two of tarred gasMn is sometimes 
caulked into the base of the socket before it is run in. This, how
ever, is not good practice, for the gaskin rots in time and is Uable to 
contaminate the water. A better plan is to place a couple of turns 
of rod lead in the socket and caulk them well before the molten lead 
is run in. 

To obviate the need for melting the lead, it is sometimes used in 
the form of " lead wool " or " lead yam." If this is new, perfectly 
clean, and thoroughly well caulked, the strands are supposed to 
coalesce, forming a solid mass, but U the surfaces of the threads have 
begun to oxidise, such union does not take place, and the joint will 
leak. 

In certain parts of the United States, notably at Los Angeles, 
Cahfornia, and Portland, Maine, cement mortar is used for jointing 
cast-hon pipes, both for gas and for water, -with very satisfactory 
results. The joints are said to have ample strength and flexibUity 
and to -withstand high pressures. 
Turned and bored joints are also frequently used. The spigot is 

turned to a shght taper (one in 32) and the socket bored to fit. 
The surfaces which come into contact are fhst greased, and the 
pipes are driven together •with a heavy mallet. A space is sometimes 
left in the socket for lead or cement mortar. 

In certain situations flanged joints are most convenient. The 
flanges are faced in a lathe and bolted together, a ring of rubber, 
lead, or other suitable material being first inserted between them. 

Self-adjusting Joints. Where, as in mining districts, the ground is 
liable to settle, pipes with flexible joints must be used. A certain 
amount of flexibUity may be obtained by machining the spigots and 
sockets of the pipes to a spherical shape, thus forming a baU-joint, 
and casting two lugs, on each end of each pipe to receive the bolts. 
These should be made of steel containing a minute percentage of 
copper or some other metal to render them non-corrosive. 
Such joints -wiU only permit the pipe-fine to bend in one plane, 

and they do not aUow for any change in length. The " Victaulic " 
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joint admits of angular defiection in any dhection, and of a longi
tudinal movement of at least an eighth of an inch. This joint 
consists of two parts—a flexible inner ring and a metallio outer ring, 
or housing. The inner ring is essentiaUy a double U washer, made 
from a special composition of rubber and other ingredients. The 
diameter of the conical inner edges of the ring is sUghtly less than 
that of the tubes around which it is placed, on which, consequently, 
it exerts a shght pressure. The internal pressure from the main 
forces the edges of the ring against the tube, while the external 
housing supports the ring, so as to reUeve it of any bursting stress. 
The Stanton Ironworks Co. make a somewhat similar joint. 

These joints can be used for pipes conveying gas, compressed ah, 
ammonia, water or oU, but are not suitable for use with steam. It 
might be supposed that the rubber would perish in course of time, 
but when rubber is kept under compression, and protected from 
Ught and ah, it wUl last for many years -without deterioration. 
Rubber joint-rings have been found in good condition after being 
in use for forty years. 

Flexible joints are very useful where pipes have to be laid under 
water. The 11-inch main which supphes Guayaquil crosses the 
tidal river Guayas, which is here more than a mile wide. The 
pipes were bolted together above water and lowered to the bed of the 
river. 

Small steel tubes usually have screwed joints. . Larger tubes are 
made with spigots and sockets, and are jointed -with lead, as in the 
case of hon pipes, but the joints are sometimes welded. The 
Pacffic Gas and Electric Company have 250 miles of welded steel 
mains working under pressures of from 50 to 400 lb. per square inch. 

Reinforced Rubber Pipes. A 4-inch pipe of reinforced india rubber 
is in use at Singapore on a particularly foul sea bottom on which 
other kinds of pipe had requhed frequent renewal. After forty 
months' immersion the rubber pipes appeared to be as good as new, 
and -withstood a test pressure of 100 lb. per square inch. 

Testing. All pipes, after being laid and jointed, should be 
tested under a pressure of water well exceeding that under which 
they are to be used. It should not be forgotten that on the sudden 
closing of a sluice valve or hydrant a main is subjected to a pressure 
far in excess of the static head. It is well, therefore, to test aU 
mains with a pressure of at least 100 or 150 lb. per square inch. 
The pressure should, if possible, be kept on until the pipes have been 
covered -with earth. 

Sterilisation of Mains. During the laying of a water main there 
is always a possibihty that dirty, or even infected, water m a y find 
its way into it. Many American engineers make a point of sterUising 
their mains -with chlorine before bringing them into use; but this 
precaution is rarely taken in England. The mains should always, 
however, be well flushed -with clean water before they are brought 
into use. 

Sluice Valves. Sluice valves, or " gate valves," as they are called 
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in America, consist essentially of cast-hon bodies in which a wedge-
shaped door slides up and do^wn between two inclined faces, being 
raised and lowered by a spindle -with a square-threaded screw 
(Fig. 25). W h e n the valve is open the door is Ufted clear of the 
pipe, leaving the water-way unimpeded. The body of the valve and 
the door are of cast hon, and the faces of both, as well as the spindle 
and nuts, are usually of phosphor bronze or gunmetal. Various 
grades of sluice valves are obtainable, but it is poor economy in the 
case of these or Other fittings to use any but the best. 

Sluice valves are made either -with flanged or spigot and socket 
ends. Flanged ends are sometimes used -with the object of being 
able to take out the valve in case of need. This can rarely be done, 
as the valves are generally held too tight by the flanges. If the 
valves are flanged, spigot and socket ends must be bolted on to 
connect -with the pipes. 

Sluice valves are sometimes made -with right-handed and some
times -with left-handed screws. All the valves on the same system 
of mains should open and close the same way, or serious confusion 
m a y result. 

The pressure on the door of a large sluice valve when closed is 
considerable, and in the case of very large valves by-passes -with 
smaller valves are sometimes placed beside them so that the pressure 
on both sides of the large valve m a y be equalised before. it is 
opened. 

Hydrants. Hydrants should be placed at intervals sufficiently 
short to furnish an abundant supply of water at any point in case 
of fire. Section 38 of the Waterworks Clauses Act, 1847, requhes 
water undertakers, at the request of the Local Authority of the 
district, to "fix proper fire-plugs in the main and other pipes 
belonging to them " at distances of not more than 100 yards apart 
(unless some other distance is prescribed) " and at such places as 
may be most proper and convenient for the supply of water for 
extinguishing any fhe which may break out -within tlie limits of the 
special Act." 

B y Section 39 the water undertakers are requhed to " renew, 
and keep in effective order, every such fire-plug," and also to deposit 
a key thereof at each place where any public fire-engine is kept, 
and in such other places as m a y be appointed by the Local Authority. 
They are also requhed to " put up a public notice in some conspicuous 
place in each street in which such fire-plug is situated, showing its 
situation, which notice the undertakers may put up on any house or 
buUding in such street." The cost of these fire-plugs " and the 
expense of fixing, placing, and maintaining the same in repah, and 
of pro-viding such keys as aforesaid," is to be defrayed by the Local 
Authority (Section 40). 

Section 41 provides that the water undertakers shall " at the 
request and expense of the o-wner or occupier of any work or manu
factory situated in any street in which there shall be a pipe of the 
undertakers, place and maintain in effective order a fire-plug (to be 
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used oiUy for extinguishing fires) as near as conveniently may be to 
such work or manufactory." 

Section 42 requhes that the water undertakers shaU at all times 
keep charged -with water under the pressure specffied in Section 35 
aU their pipes to which fire-plugs shaU be fixed, unless prevented 

by frost, unusual drought, or other unavoidable cause or accident, 
or during necessary repahs, and shaU aUow all persons at aU times 
to take and use such water for extinguishing fire without making 
compensation for the same." 
Section 35 of the Act pro-vides that the supply " shall be constantly 

laid on at such pressure as •wUl make the water reach the top story of 
the highest houses " •within the limits of the special Act, " unless it 
be pro-vided by the special Act that the water to be supphed by the 
undertakers need not be constantly laid on under pressure." 
The foregoing sections apply to water undertakings which are 

o-wned by companies, but Section 66 of the PubUc Health Act, 
1875, imposes the same duties on all Urban Authorities. It is 
convenient to have a hydrant at every dead end, so that the mains 
may be flushed out occasionally. 
There are many types of hydrant on the market. In Bateman 

and Moore's ball hydrant a -vulcanite ball about 3 hiches in diameter 
is held by the pressure of the water against an indiarubber seat, 
pierced •with an orifice of a diameter sUghtly less than that of the 
baU. W h e n the standpipe is fixed in place, a rod inside it is screwed 
do^wn, forcing do-wn the ball and opening a way for the water. 
This hydrant, which was at one time -widely used, has the merit of 
simphcity, but very little else to commend it. The rubber seats 
deteriorate and lose theh elasticity, and the baUs drop whenever 
the mains are emptied, permitting any rubbish or dhty water 
which there may be in tlie hydrant chamber to get into the pipe. 
In Edinburgh, where ball hydrants were formerly in use, a large 

number of them were carefully examined by Dr. WUhamson, the 
Sanitary Inspector. Thhty per cent, of the baU-hydrants examined 
were found to be faulty, and Dr. WUhamson reported that " this 
type of hydrant imphes great danger from a public health point of 
view." In a to-wn in which the supply of water was intermittent 
a leaky gas main passed near a ball-hydrant. The gas was dra-wn 
into the water main, and could be ht at an adjoining tap. 
In the " screwdown " hydrant (Fig. 26) the ball is replaced by a 

metal disc which closes the opening and which is forced do-wn by 
turning a screw. A small hole is often drUled in the bottom of a 
hydrant to drain it after use in case of frost. 

Neither of these hydrants is now regarded -with favour, and sluice-
valve hydrants are generaUy used. The sluice valve is of the 
ordinary type, usuaUy 2^ or 3 inches in diameter. 
The standpipe is sometimes attached to the hydrant by a bayonet 

joint -with lugs, but oftener nowadays by means of a screwed 
coupling. Whatever the type of joint it is essential that it be 
uniform throughout the system, and it is convenient to have the 
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same pattern as in adjoining towns, so that theh fire brigades m a y 
be able to use the hydrants. 

Height and Discharge of Jets. W h e n water is discharged vertically 
from a nozzle, the height to which it rises is always less than the 
head on the nozzle, the loss being caused by the resistance of the ah. 
Box states that the amount of this loss is roughly proportional to 
the square of the head, and that it is less with large nozzles than -with 
smaU ones. H e gives tables sho-wing the height of the jet and the 
quantity discharged under different heads, which are reproduced in 
part in Tables X X and X X I . 

TABLE XX. 

Heights of Jets. 

Head 
on jet 
in feet. 

10 
20 
30 
40 
50 

60 
70 
80 
90 
100 

Diameter of Jet in Inches. 

i i 1 1 i i f 1 1 
Height of Jet in Feet. 

8-75 
15-0 
19-0 
20-0 

9-37 
17-5 
24-4 
30-0 
34-4 

37-5 
39-0 
40-0 

9-6 
18-33 
26-25 
33-3 
39-6 

45-0 
50-0 
53-0 
56-0 
58-0 

9-7 
18-75 
27-2 
35-0 
42-2 

48-7 
55-0 
60-0 
65-0 
69 

9-76 
19-0 
27-75 
36-0 
44-0 

51-0 
58-0 
64-0 
70-0 
75 

9-8 
19-2 
28-3 
37-0 
45-0 

52-0 
60-0 
67-0 
73-0 
79 

9-84 
19-4 
28-6 
37-5 
46-1 

54-4 
62-4 
70-0 
77-0 
84 

TABLE XXI. 

Discharges from Jets. 

Head 
on Jet 
in I-eet. 

5 
10 
15 
20 
25 

30 
35 
40 
45 
50 

60 
70 
80 
90 
100 

4-

0-537 
0-758 
0-929 
1-07 
1-20 

1-31 
1-42 
1-62 
1-81 
1-70 

1-86 
2-01 
2-14 
2-27 
2-40 

ft. 

1-21 
1-71 
2-09 
2-41 
2-70 

2-95 
3-19 
3-41 
3-82 
3-82 

4-18 
4-52 
4-83 
5-12 
5-40 

i-

2-15 
3-03 
3-72 
4-29 
4-80 

5-25 
5-68 
6-07 
8-44 
6-79 

7-44 
8-03 
8-58 
9-10 
9-6 

Diameter ot Jet in Incliea. 

rV 1 1- A-
Gallons Discharged 

3-36 
4-74 
5-81 
6-70 
7-50 

8-21 
8-87 
9-48 
10-1 
10-6 

11-6 
12-5 
13-4 
14-2 
15-0 

4-83 
6-82 
8-36 
9-66 

10-8 

11-8 
12-8 
13-6 
14-6 
16-2 

16-7 
18-1 
19-3 
20-5 
21-6 

6-58 
9-80 
11-4 
13-0 
14-7 

16-1 
17-4 
18-6 
20-2 
21-3 

22-8 
24-5 
28-3 
27-9 
29-4 

h f. 

per Minute. 

8-59 
12-1 
14-8 
17-2 
19-2 

21-0 
22-7 
24-7 
26-8 
27-1 

29-7 
32-1 
84-3 
36-4 
38-4 

13-4 
18-9 
23-2 
26-8 
30-0 

82-8 
35-5 
37-9 
40-8 
42-4 

46-4 
60-1 
63-6 
56-9 
60-0 

f. 

19-3 
27-3 
33-4 
38-6 
43-2 

47-3 
51-1 
54-6 
68-0 
61-1 

66-9 
72-3 . 
77-2 
82-0 
86-4 

i. 

26-3 
37-1 
45-5 
62-6 
58-8 

64-4 
69-6 
74-3 
80-7 
84-9 

91-1 
98-4 
105 
111 
117 

1-

34-4 
48-6 
59-4 
68-6 
76-8 

84-1 
90-9 
97-1 
103 
109 

119 
129 
137 
145 
153 
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A part of the head at which the water leaves the hydrant -will be 
lost in the hose. The hydrants should therefore be spaced fahly 
close together, so that long lengths of hose may not have to be 
used. 
Excessive pressure makes the nozzle difficult to control, so the 

pressure in the main should not be higher than is actually necessary. 
Air Valves. Where a main from which no services are drawn 

passes over a summit, a valve should be placed at the highest point 
to carry off any ah which may accumulate there and which might 
otherwise stop the flow. Automatic valves in which the outlet for ah 
is closed by-a floating ball (Fig. 27) are often used, but it -wUl generally 
suffice to put in a stopcock which can be opened by hand in case of 
need. Air valves are rarely necessary in a to-wn, for the service 
pipes, which are tapped into the tops of the mains, will carry off 
any ah which might otherwise accumulate in them. 
Washout valves should be placed at the lowest points on the 

principal mains. 
Sluice valves, hydrants, and ah valves should be enclosed in 

brick chambers with steel covers strong enough to -withstand the 
heaviest traffic. Sluice valves are necessarUy placed on the hnes of 
the mains, which are usually laid in the road ; but it is convenient to 
have the hydrants under the footpaths. W h e n chambers are in 
roadways, the covers should be carefully watched so that they do not 
get sealed fast with tar. 

The positions of all sluice valves, ah valves, and hydrants should 
be clearly marked by indicator plates, -with the distances from the 
fittings cast on. They should also be recorded on a map. 

Ser-vices. The houses on the hne of a main draw theh supphes 
from it through lead or galvanised-hon pipes, generally from 
^ inch to 1 inch in diameter. A hole of the necessary size is tapped 
in the top of the main, into which a gunmetal ferrule is screwed, 
and the service pipe is led off from the latter. 

Steel pipes, owing to theh lack of thickness, do not afford much 
hold for the service pipes which are tapped into them, but a special 
mode of tapping has now been introduced m which the end of the 
ser-^ce pipe is expanded inside the tube by means of a special tool. 
W h e n a steel tube is tapped, its outer wrapping and its bitumen 
lining are pierced, and the tube must be carefuUy -wrapped by hand. 
It is said that asbestos-cement pipes can be tapped in the same way 
as cast-hon pipes. 
It was formerly necessary to shut off a main before it could be 

tapped, but appliances are now avaUable for tapping pipes under 
pressure. A stopcock is placed on the ser-vice pipe before it enters 
the premises, and these and the pipes between them and the mains 
are usuaUy maintained by the Water Authority. 

The kind of ser-vice pipe which should be used depends on the 
character of the water. Where this is very soft and liable to dissolve 
lead, galvanised-hon or steel pipes, or lead pipes with an inner 
lining of tin are generally used. 
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" Galvanising " is effected by thoroughly cleansing the surfaces 
of the hon or steel by immersion in dilute acid and then dipping it 
into a bath of molten zinc. The coating of zinc thus formed is 
analogous to that produced by electroplating, and the zinc, being 
electropositive to the hon, is attacked by a corrosive water in 
preference thereto. Iron can also be coated -with tin, but the pro
tection thus afforded is not so effective. 

Most water undertakings specify the weights of the pipes and the 
quality of the fittings which shall be used -within the areas which 
they supply. The foUo^wing are the weights of lead pipe prescribed 
by the Metropohtan Water Board :— 

Diameter 

Weight per 
yard 

f-inoh. 

5 1b. 

J-inch. 

6 1b. 

|-inch. 

7Jlb. 

f-inch. 

9 1b. 

1-inch. 

12 1b. 

IJ-inch. 

16 1b. 

IJ-inch. 

24 1b. 

Pipes placed outside a house or against an external wall are liable 
to freeze, and to prevent this the taps are often left dripping in cold 
weather. A great deal of water is wasted in this way. 

In order to prevent water-hammer, and consequent bursting of 
the pipes, screw-down taps should always be used in preference to 
the old-fashioned plug taps. W h e n taps and ballcocks are aUowed 
to get out of order, the loss of water by leakage m a y be very serious. 

Where water is not laid on to every house, standpipes are erected 
at convenient points for the supply of the others. These, being 
exposed, must be weU protected against frost. If ordinary taps were 
used, they might often be left running. To guard against this, 
standpipes are sometimes fitted -with self-closing taps or with loose 
keys, one of which is supphed to every householder entitled to use 
the standpipes. 
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CHAPTER XVIII 

LAW 

THE object of drainage and sewerage is the prompt removal of all 
foul hquids and water-carried sohds from the vicinity, of the house. 

Drains and sewers are both parts of the same system, and are 
designed in accordance with the same general principles; but 
whereas a drain usually carries the sewage from a single house, a 
sewer m a y serve a whole street or even a to-wn. The fiow in a sewer, 
moreover, though it varies from hour to hour, is more or less con
tinuous, while that in a drain is intermittent, and takes place only 
when a fixture is being used. 

It is interesting to note, by the way, that the word " sewer " 
was in common use centuries before sewers, as we know them, came 
into existence. It was apphed to watercourses, both natural and 
artificial, and has even been held to include embankments formed 
to protect land from inland flooding or from invasion by the sea, 
for the construction and maintenance of which the various " Com
missioners of Sewers " were responsible. 

Section 4 of the Pubhc Health Act, 1875, defines sewers and drains 
as foUows :— 
" ' Drain ' means any drain of and used for the drainage of one 

building only, or premises -within the same curtilage, and made merely 
for the purpose of communicating therefrom with a cesspool or other 
hke receptacle for drainage, or with a sewer into which the drainage 
of two or more buildings or premises occupied by different persons 
is conveyed; 

" ' Sewer ' includes sewers and drains of every description, except 
drains to which the word ' drain ' interpreted as aforesaid applies, 
and except drains vested in or under the control of any authority 
ha-ving the management of roads and not being a local Authority 
under this Act." 

Section 15 of the Act pro-fides that " every local authority shaU 
keep in repah aU sewers belonging to them, and shaU cause to be 
made such sewers as m a y be necessary for effectuaUy draining theh 
district for the purposes of this Act." 

This section does not require a Local Authority to provide sewers 
189 
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in anticipation of the future requirements of theh district, or to 
enable a lando-wner to develop his land for buUding purposes. 

Section 16 empowers a Local Authority to carry any sewer 
through, across or under any road or street, or, after gf-ving reason
able notice, into, through or under any lands whatsoever •within their 
district, or in the case of an outfall sewer, -without theh district. 

The right thus conferred is subject to certain Umitations. For 
instance, a sewer m a y not be laid over or under a raUway or canal 
without the consent of the company concerned. If in laying a 
sewer through a burial-ground it is necessary to remove or disturb 
any human remains, the licence of the Secretary of State must first 
be obtained. 

Section 18 authorises a Local Authority to enlarge, lessen, alter, 
or otherwise improve any sewer belonging to them, or to discontinue, 
close up, or destroy any sewer which, in theh opinion, has become 
unnecessary. 

Section 19 makes it the duty of every Local Authority to cause 
the sewers belonging to them to be constructed, covered, ventUated, 
and kept so as not to be a nuisance or injurious to health, and to be 
properly cleansed and emptied. 

The responsibiUty for laying and maintahihig the drains from 
any premises rests -with the owner or occupier of such premises, but 
Section 18 of the Pubhc Health Amendment Act, 1890, empowers a 
Local Authority to agree -with the o-wner to lay drains on his behalf 
and at his cost. The rights and duties of the respective parties are 
further defined by the foUo-wing sections of the Act of 1875. 

Section 21 entitles the o-wner or occupier of any premises -within 
the district of a Local Authority to cause his drains to empty into 
theh sewers. H e must fhst give notice to the Authority of his 
intention to do so, and he must carry out the work in accordance 
-with theh requhements. All Local Authorities have by-laws 
specifying in detaU how drainage work shall be carried out, and they 
requhe every person about to execute such work to deposit -with 
them, before it is put in hand, plans, sections, and particulars of 
what he proposes to do. 

Section 22 provides for the use of the sewers of a Local Authority 
by the owner or occupier of any premises without theh district. 

Section 23 empowers a Local Authority to compel the owner 
or occupier of any house -within theh district which is -without a 
drain sufficient for its effectual drainage to lay a drain discharging 
into a sewer, if there is one -within 100 feet from the site of such house, 
or, U there is no sewer -within that distance, into a " covered cesspool 
or other place not being under any house." 
Where greater expense would be incurred hi laying separate 

drains from two or more houses to an existing sewer than in laying a 
new sewer, the Authority m a y lay such sewer and apportion its 
cost among the o-wners of the several houses. 

Section 25 gives the same power to Urban Authorities in respect 
of newly buUt or rebuUt houses. 
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Section 24 authorises a Local Authority, at theh o-wn expense, 
to close a drain communicating -with an existing sewer and to lay 
a new drain connected -with another sewer which they m a y lay in 
place of it. 

Under Section 40 every Local Authority shall provide that all 
drains, water-closets, earth-closets, privies, ashpits, and cesspools 
•within theh district be constructed and kept so as not to be a nuisance 
or injurious to health. 

Section 41 gives power to a Local Authority, on receipt of a •written 
complaint that any drain, water-closet, earth-closet, prî vy, ashpit, 
or cesspool is a nuisance or injurious to health, to have it examined 
by theh Surveyor or Inspector of Nuisances, and, if it is found to 
be defective, to give notice to the o-wner or occupier calhng on him 
to do such work as m a y be necessary. If he neglects to do so, the 
Local Authority m a y carry out the work and recover the cost from 
him. 

Section 47 imposes penalties on any person who allows the contents 
of any water-closet, privy, or cesspool in an.Urban District to over-
fiow or soak therefrom. 

Section 331 makes the foUowing important provision for the 
alteration of sewers : 
" Any body of persons or person authorised by -virtue of any Act of 

Parliament to nâ vigate on or use any river, canal, dock, harbour or 
basin, or to demand any tolls or dues in respect of the na-vigation on 
such river or canal, or the use of such dock, harbour or basin, may, 
at theh o-wn expense, and on substituting other sewers, drains, 
culverts and pipes equaUy effectual, and certified as such by the 
surveyor to the local authority, take up, divert, or alter the level of 
any sewers, drains, culverts or pipes constructed by any local 
authority, and passuig under or interfering with such rivers, canals, 
docks, harbours or basins, or the towing-paths thereof, and may do all 
such things as m a y be necessary for carrying into effect such taking up, 
diversion or alteration." 

Section 333 provides that any difference of opinion which may 
arise in connection -with the alteration of sewers under Section 331 
m a y be determined by arbitration. 

The Pubhc Health Acts Amendment Act, 1890, makes further 
provision •with regard to sewers and drains. Section 16 makes it 
unla^wful to throw or aUow to pass into any sewer or drain any 
matter or substance which m a y injure such sewer or drain or inter
fere -with the free fiow of sewage therein. 

Section 17 imposes penalties for turning into a sewer or drain any 
chemical refuse or any waste steam, condensing water, heated water, 
or other Uquid at a temperature higher than 110° F. which, either 
alone or in combination -with the sewage, causes a nuisance or is 
dangerous or injurious to health. 

Section 19 extends the powers conferred by Section 41 of the Act 
of 1875 to cases in which " two or more houses belonging to different 
owners are connected •with a public sewer by a single private drain." 
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The expression " single private drain " is not defined, but it is noted 
that " for the purpose of this section the expression ' drain ' includes 
a drain used for the drainage of more than one buUding." This 
seems to conflict -with the definition given in Section 4 of the Act 
of 1875. 

In spite of the definitions laid do-wn in the Pubhc Health Acts, 
the distinction between a sewer and a drain is by no means clear, 
and it has formed the subject of much htigation. The importance 
of the distinction Ues in the fact that a drain has to be maintained 
at the cost of the owner, whereas the responsibiUty for the main
tenance of a sewer devolves on the Local Authority. Decisions, 
more or less conflicting, have been given in the Courts from time to 
time, but, in view of the -wide differences which exist in the chcum
stances of particular cases, it would probably pass the -wit of m a n 
to formulate definitions which -wUl be universally apphcable. 
A drain which serves two or more properties is often spoken of 

as a " combined drain." This expression, for which there is no 
warrant in the Public Health Acts, is unfortunate, for the word 
" combined " in connection -with sewerage or drainage has always 
been understood to imply the conveyance of rain-water and sewage 
in the same pipes. A railway which is used by two different com
panies is never called a " combined raUway," but always a " joint " 
hne, and the same adjective is apphed to other works which are 
used in common by two or more parties. 

Section 41 of the Pubhc Health Act, 1925, imposes a penalty not 
exceeding ten pounds and a daUy penalty not exceeding five pounds 
on any person who discharges any petroleum sphit or carbide of 
calcium into any sewer or any drain communicating -with a sewer. 



CHAPTER XIX 

HOUSE DRAINS 

By-laws. The planning and laying of house drains are governed by 
by-laws, which, though they vary somewhat in different districts, 
are based in the main on the Model By-laws of the Ministry of 
Health. In 1934 the Ministry issued a re-vised set of by-laws, 
containing the following pro-visions -with regard to house drains :— 

" 59. Every person who shaU erect a new buUding shaU comply with 
the foUo^wLng rules :—-

" (1) (o) The subsoU of the site of the building shaU, wherever 
the dampness of the site renders the precaution necessary, be 
effectuaUy drained by means of earthenware field pipes or other 
suitable pipes properly laid to a suitable outfall; 

" (6) pipes used for subsoil drainage shall not empty into a 
sewer or a cesspool or other place for the reception of sewage or 
into a drain conve5dng sewage, if any other means of disposal is 
reasonably available. . . . 

" 60. Every person who shaU erect a new building shaU, in the con
struction of every drain other than a subsoU drain, comply •with 
such of the foUo^wing rules as are applicable :—-

" (1) The drain shaU be constructed of good sound pipes of 
glazed stoneware, hea^vy oast iron, or other equaUy suitable 
material. 

" (2) The drain shaU be of an adequate size and be laid •with a 
proper faU and •with suitable watertight joints. 

" (8) If intended for conveying sewage the drain shall have an 
internal diameter not less than four inches. ' 

" (4) The drain shall be properly and suitably supported and 
protected against injury. 

" (5) If the drain passes through a building, it shah to that 
extent be constructed of heavy cast iron or other equaUy suitable 
metal. 

" (6) (o) If the drain is laid on or in the ground, and is con
structed of material other than heavy oast iron or other metal of 
not less strength, it shaU, for a distance of at least fifty feet from 
the building, be laid on a bed of good concrete, unless the natrue 
of the soil renders the precaution unnecessary; 

" (6) if the drain is constructed on or in the groruid and is con
structed of oast iron or other corrosible metalit shaU be suitably 
protected against external corrosion. 

" (7) (o) The drain shaU not be laid so as to pass under any 
building except where any other mode of construction is imprac
ticable ; 

" (6) if the drain is laid so as to pass under any building 
O 193 
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" (i) it shaU for the whole extent beneath the building be 
laid in a direct line or if this is impracticable in direct lines; 

" (ii) it shall, if laid in the ground and constructed of material 
other than heavy oast iron or other metal of not less strength, 
be completely embedded in and covered with good and solid 
concrete at least six inches thick all round; 

" (iii) adequate means of access shall be pro-vided for the 
whole length of the drain beneath the building, and if the 
drain is not laid hi one direct line beneath the building an 
inspection chamber shall be pro-vided at each change of 
direction. 

" (8) Every inlet to the drain, not being an inlet pro-vided for 
the ventilation of the drains, shall be properly trapped. 

"61. (1) Every person who shall erect a new building shall cause 
every main drain of the building which empties into a sewer or a 
cesspool or other place for the reception of sewage to be discon
nected from the sewer, cesspool, or other place, by a suitable trap 
situated -within the curtilage of the building, as far as practicable 
from the building and as near as practicable to the point at which 
the drain so empties." 

There is a footnote to this clause giving Local Authorities the 
option of dispensing -with intercepting traps on drains which discharge 
into sewers. 

"62. Every person who shall erect a new building shall construct 
the drains of the building so that every branch drain or tributary 
drain will join another drain obliquely in the dhection of the flow 
of the latter drain." 

Clause 63 provides for the ventilation of all drains which are more 
than 30 feet in length. 

Clause 64 deals •with inlets to drains •within buUdings and pre
scribes that the soil-pipe from every water-closet and the waste-
pipe from every slop-sink shaU be of heavy cast hon, lead or other 
suitable material, and not less than 3 inches in diameter. 

Sub-clauses (3), (4) and (5) lay down further rules -with regard to 
the ventilation of drains, soU-pipes and waste-pipes. 

Sub-clause (6) pro-vides for the disconnection of waste-pipes by 
suitable traps from drains and soil-pipes. 

Sizes. House drains were formerly laid -with 6-inch or 9-hich 
pipes, and Thomson, thfe Lecturer on Sanitary Engineering in the 
Royal Technical College at Glasgow, says that 12-inch pipes were 
sometimes used even for houses of a very modest size.* A house 
drain need rarely be larger than 4 inches in diameter, for a 4-inch 
pipe, at the flattest gradient at which it would usually be laid, wUl 
carry the sewage from a thousand people or more, and it will keep 
itself cleaner than a 6-inch pipe. 

Materials. House drains are generally laid with glazed socket 
pipes, jointed in cement mortar. The pipes should be true in form, 
thoroughly vitrified, non-absorbent, and well glazed, and when 
struck -with a hammer should give a clear metalhc ring. It was 

* "Modern Sanitary Engineering," p. 42. 
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formerly necessary to specify the quahty of the pipes in detail, but 
it is now sufficient to say that they must comply in every particular 
-with the British Standard Specifications for Salt-glazed Ware Pipes. 
Every pipe made in accordance -with this specification must have 
stencilled upon it the brand / " V ^ and the manufacturer's name 
or trade mark. The engineer \ ) ) niay require 5 per cent, of the 
pipes which he orders to be \ \ / tested, -without charge, but if 
every pipe is tested, theh v price wilibe increased by from 
15 to 25 per cent. The pipes •will then be described as " British 
Standard Tested Pipes." 

Laying. All drains should be laid in straight lines and at abso
lutely true gradients. To ensure a true gradient, " sight-rails " 
are placed across the trench at a convenient height. The level of 
the bottom of the trench is tested at short intervals by setting up a 
" boning rod " (an elongated tee-square) and sighting over the rails. 
W h e n the top of the crosspiece is in line with the upper edges of the 
sight-rails, the bottom of the trench •will be at the proper level. 
W h e n the pipes have been laid, the levels of their inverts are tested 
in the same way, for which purpose an L-shaped hon is fastened to 
the bottom of the boning rod. There should always be three sight-
raUs in position, so that if one of them should be accidentally dis
placed, the error may be detected by sighting over the others, and 
the rod must of course be held upright. It was customary at one 
time to form the bottom of the trench to a continuous fall and to 
let the pipes rest on theh sockets, with the result that they were 
often broken by the weight of the superincumbent earth. The 
whole length of the pipe should rest on the bottom of the trench, 
in which a depression should be cut under each socket to permit 
the joints to be made. It is hardly necessary to add that the pipes 
should be laid •with the sockets at the higher end. 

Jointing. The joints should be made •with Portland cement 
mortar. Neat cement is sometimes used, but it is liable to expand 
and burst the sockets. The cement should therefore be mixed with 
t̂ wice its volume of sand. Wilhs stated at the International Con
ference on Sanitary Engineering held in London in 1924 that on one 
occasion he found no fewer than haU the sockets on a line of sewer 
broken as the result of expansion.* 

It is very important that the spigot of each pipe should be 
centraUy placed in the socket of the next; otherwise a succession of 
steps •wUl be formed in the drain, which •will collect solid matter and 
greatly impede the flow. To ensure a true invert, pipes are some
times made -with lugs in the sockets to hold up the spigots to the 
right level, but these are seldom used. Another plan which is often 
adopted is to caulk a couple of rings of tarred yarn into the sockets 
before the mortar is put in. The yarn not only centres the pipes, 
but also helps to prevent the mortar from being forced into them. 
On the other hand, it occupies space which some think would be 
better filled -with mortar. 

* Trans. Int. Conf. San. Eng., p. 147 
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I once had occasion to make a close inspection of some two mUes 
of 9-inch stoneware pipe which had been jointed in this way. The 
pipes were far from water-tight. In many cases, too, I found that 
the yarn had been forced inside the pipe, while in others it was pro
truding outside the socket. Cement mortar alone wiU undoubtedly 
make a better joint, but great care must be taken to ensure the 
concentricity of the pipes. To this end a band of mortar should 
fhst be placed in the lower half of the socket, and the spigot of the 
next pipe should be carefully inserted and pressed do-wn on it. The 
remainder of the socket should then be filled -with mortar, which 
should be neatly trimmed off. One often finds a long sprawling 
fillet of mortar outside the socket. Such a fillet often conceals a 
bad j oint, and it is better to use a short fillet. W h e n inspecting j oints, 
special attention should be paid to the lower half of the pipe, for 
unless the work is carefully watched there -wUl be a tendency to 
shght that part of the joint which is not seen, and U the mortar is 

FIG. 28.—^DOUBLE-SBAL JOINT. 

used too wet it may faU off. Great care should also be taken to see 
that no mortar is left in the pipe : the inside of each joint should be 
-wiped as the work proceeds. 

A number of special joints are on the market. In Knowles' 
" Free-flow " pipes the ends of the pipes are tapered and fit into 
tapered recesses formed in the sockets. This not only centres the 
pipes truly in the sockets, but also prevents the intrusion of 
the jointing material. In the Stanford joint a tapered ring of 
bitumen, shghtly rounded, is cast on the spigot of each pipe and one 
in the socket. The rings are cast in moulds so that the one fits 
truly into the other. W h e n the pipes are laid, the rings are greased 
•with a mixture of Russian tallow and resin : the spigot of the next 
pipe is inserted in the socket of the one last laid : the pipe is given a 
shght t̂ wisting movement and is then tapped home with a wooden 
maUet. The bitumen rings ensure a concentric joint and a true 
invert, and should make a water-tight joint. As a further pre
caution against leakage the sockets are sometimes made deep enough 
to leave space for a cement mortar joint outside the rings (Fig. 28). 
The joint is then called a " Double-seal " joint. 
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The HassaU joint (Fig. 29) is intended for use in wet ground. 
Two rings of bitumen are cast on the spigot and two in the socket, 
leaving a space between theni. Two holes are formed in the top 
of the socket, through one of which cement grout is poured in to 
fUl the space. 
Cast-hon pipes, if buried, may be jointed either in cement mortar 

or in lead; but above ground lead should always be used, as mortar 
joints are more rigid and might be dislocated by the alternate expan
sion and contraction of the pipes due to changes of temperature. 
Cast-hon and stoneware pipes do not fit well together, and where 
they meet the joints should always be encased in concrete. 
The drains around a house are often shallow, so are usuaUy 

bedded or encased in concrete. Under a house iron pipes should 
always be used. It was formerly customary to place an inspection 
chamber at practically every junction, but this involved a great 
deal of unnecessary expense. A manhole is not placed at the 

FIG. 29.—HASSAIL JOINT. 

connection of every house-drain •with the sewer. The covers of 
inspection chambers should be sohd, •with seahng rims, and should 
be secured by screws. The bottoms of the chambers should be 
formed with channels and benchings, as in the case of sewer man
holes (p. 234). 
Testing. To ensure the water-tightness of the work, all drains 

should be tested after being laid. For this purpose water pressure 
is generaUy appUed, but U for any reason this is not convenient, the 
•test may be made •with compressed ah, smoke, or some vapour 
possessing a strong and easily recognised smell. The water test 
should, however, be used whenever possible. 
It is not •wise to subject stoneware pipes to a head of water 

exceeding 10 feet; but hon pipes should •withstand an internal 
pressure of 150 lb. per square inch. The drains should always be 
tested apart from the inspection chambers, for if the latter are 
included in the test, a good deal of water may be lost by leakage 
-without any appreciable lowering of the water over the large areas 
exposed in the chambers. Vertical pipes should therefore be carried 
up from the drains, so that any leakage may readUy be detected. 
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Undue importance need not be attached to the loss of water which 
takes place when the pipes are first filled, for the joints will absorb 
a certain amount. After due time has been allowed for absorption, 
the water-level in the vertical pipe should remain practically constant 
for half an hour or more. 

It is little better than waste of time to test a drain or sewer if, 
as is often done, the water is run off before the lower part of the 
treneh has been filled, for it matters little whether or not the pipe is 
watertight when it lies in the open trench. What is important is 
that it should be watertight after the trench has been fiUed, and 
unless the test is kept on until the pipe has been covered -with a foot 
or two of earth, well rammed, there is no means of kno^wing that 
some of the joints, or the pipes themselves, have not been broken. 
There is more danger of this than is generally reahsed, especiaUy 
where the trench is deep and where there are stones in the ground. 

Filling Trenches. The utmost care should be taken in filling the 
trenches. The spaces beside the pipes should be filled -with fine 
selected earth well trodden in, and the pipes should be covered to a 
depth of at least 6 hiches -with similar material. The trench should 
then be filled in layers not exceeding 6 inches in depth, each layer 
being thoroughly consohdated by ramming before the next is put in. 
Velocities and Gradients. All drains and sewers should be self-

cleansing, that is to say the sewage should fiow in them at a velocity 
sufficient to prevent the deposition of solid matter and to dislodge 
any deposits which m a y happen to form. The velocity in a drain 
or sewer -wUl depend on its gradient, or rate of faU, the care or 
other̂ wise with which it is laid, and the quantity of sewage flo^wing in it. 

It is often said that the velocity in a drain should not be less than 
3 feet per second, and that a 4-inch pipe should have a fall of not 
less than 1 in 40, a 6-inch pipe 1 in 60, a 9-inch pipe 1 in 90, and so 
on. These gradients will give velocities of from 2f to 3 feet per 
second when the depth of flow is one quarter of the diameter of the 
pipe. Where such gradients can be obtained they should be, for 
house drains are usually laid by ordinary builders, and theh work is 
not always very closely supervised. A n ample margin of safety is 
therefore desirable. Îfc is obviously out of the question, however, to 
leave a house -without drainage merely because the conventional 
gradients are not obtainable. 

Tyndale, formerly Sanitary Engineer to the W a r Office, says 
in the Thhd Edition of " The W . D. Dramage Manual," that " when 
the flow of sewage is natural, or can be increased by extra flushes 
to about half the diameter of the pipe, the incline of the drain m a y 
be considerably reduced, such as to the following gradients, or even 
less in special chcumstances." 
For a 4-inch pipe a gradient of 1 in 80 for short lengths. 

„ 6-inch „ „ 1 in 150 „ „ 
„ 9-inch „ „ 1 in 250 „ „ 
,, 12-inch „ „ 1 in 300 ,, „ 
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Where fall is scanty, care should be taken to secure the best 
possible gradients for the branches, at all events for such of them 
as carry sohds, even U this involves flattening the gradient of the 
main, and the baths should be fitted -with large waste-pipes so that 
they may discharge theh contents as quickly as possible. If a 
drain must be laid so fiat that it cannot be kept clean by the ordinary 
flow, a flushing tank or automatic tipper should be placed at the 
head of it. 
Much of the difficulty which is experienced in getting satisfactory 

gradients for house drains would be avoided if a little more foresight 
were exercised in setthng the site and the level of the house. Too 
often it is planned or actually built before the question of drainage is 
seriously considered. 
If there is not enough fall to give a self-cleansing velocity in the 

main drain, it -wUl sometimes be possible to put in a septic tank at 
the head of it. The effluent from a septic tank, being free from any 
sohds capable of choking a drain, may safely be laid with a merely 
nominal f aU. 
VentUation. The by-laws under which most 

existing houses were drained, and which were 
in force untU very recently, were dra-wn up 
when the question of drainage was not under
stood and under the influence of the exagger
ated fears of " sewer gas" which then 
prevaUed. According to these by-laws, the 
wastes from water-closets on the upper floors 
of a house had to be carried do^wn by soil-
pipes fixed outside the house. Those from 
lavatories, baths, and sinks were not allowed 
to be brought into the soil-pipe, but had to discharge outside 
the house over or under the grating of a gully. The main drain 
from each house had to be cut off from the sewer by means 
of a "disconnecting trap "or "interceptor" (Fig. 30). The 
passage of ah from the sewer into the house drain or vice versa 
being thus rendered impossible, special provision had to be made for 
theh ventUation. The soil-pipe, which was directly connected to 
the drain, was carried up above the eaves of the house to serve as 
an outlet, and an inlet pipe was provided just above the interceptor. 
The inlet pipe usuaUy ended 2 or 3 feet above the ground with a mica 
fiap, which was supposed to prevent the escape of ah in case of a 
reversal of fiow. Of the many frauds which have been perpetrated 
in the name of sanitation, the " ah inlet " is probably the worst. 
It was assumed that if a pipe were furnished with two openings at 
different levels, the ah would come in through the lower and go out 
through the upper one. As a matter of fact the direction which the 
ah •wUl take depends on a number of causes, the chief of which 
perhaps is difference in temperature. If the ah in the soil-pipe is 
warmer than that outside there "wUl be an upward current through 
the pipe; if the ah in the pipe is the colder it •will descend. The 

Fia. 30.—DIS
CONNECTING TKAP. 
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ah in the soU-pipe and drains will generally be more humid, and 
consequently fighter, than the external ah, and will therefore, if 
the temperature of both is the same, have a slight ascensional 
tendency. O n the other hand, currents of ah passing over the inlet 
or outlet wUl set up a flow in the pipes, sometimes in one dhection, 
sometimes in the other. The discharge from a bath, a water-closet, 
or a sink •will also induce a flow of ah do^wn the drain, when the so-
called " inlet " •will be liable to act as an outlet. The mica flap is a 
flimsy contrivance at best, and offers a strong temptation to mis
chievous children, with the result that as often as not it is out of 
order and permits the air from the drains to escape in about the 
worst position which could be selected for an outlet. 

Disconnecting Traps. The restrictions imposed by the old drain
age by-laws have led to an enormous amount of needless expense, 
and incidentally to the disfigurement of hospitals and other buildings 
•with an unsightly array of outside pipes. The fundamental idea 
underlying these by-laws was that the ah from the sewers ought at 
all costs to be kept out of the house drains, and that a " discon
necting trap " (Fig. 30) should be placed on every main drain as 
near as possible to its junction •with the sewer. 

The disconnecting trap is not only a serious obstacle to the venti
lation of the whole drainage system, but it also -violates the leading 
canons on which modern practice in drainage and sewerage is based. 
The object of drainage is the speedy removal of aU sohds and hquids 
discharged into the drains. The interceptor retains an accumulation 
of decomposing sohds indefinitely. Where the sewage flows freely 
in a drain, it is supposed to move at a rate of 3 feet per second. 
The velocity in a 4-inch disconnecting trap -wUl not as a rule be more 
than 6 inches per second, even when a bath is discharging, and at 
other times -wiU rarely exceed 1 inch per second. During the greater 
part of the day the sewage in the trap is absolutely stagnant. 

To make matters worse, the force of the discharge from a bath, 
which might have helped to clear the tra,p, is often frittered away 
by impact against the vertical side of the do^wn-pipe, into which 
the drain is brought at right angles. In a properly formed trap the 
drain comes in on a curve, as sho-wn by the dotted Unes in Fig. 30, so 
that the force of the flush is not altogether wasted. Even the best 
of traps is the reverse of self-cleansing, and it is not surprising that 
they occasionally choke. 

It is claimed for- the disconnecting trap that it safeguards the 
purity of the ah hi the drain and in the soil-pipe. It was found by 
biological research in Copenhagen that the ah in the soil-pipes was 
much worse where interceptors were installed than where there 
were none.* 

Recent Reforms. It has long been recognised that the disconnect
ing trap is an anachronism, and in most chcumstances worse than 
useless. But ancient prejudices die hard, and it is only of late 
years that any effective steps have been taken to secure its abolition. 

* Trans. Int. Conf. San. Eng., p. 306. 
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The Departmental Committee on Intercepting Traps reported as 
long ago as 1912 that intercepting traps are generally unnecessary ; 
but no action was taken at the time to give effect to theh findings. 

In the course of carrying out the extensive housing schemes which 
were put in hand after the war, attention was forcibly dra-wn to the 
enormous waste of money entailed by the by-laws then in force. 
At the International Conference on Sanitary Engineering held in 
London by the Institution of Sanitary Engineers in 1924, papers 
were read by engineers from the United States, Canada, and the 
European continent describing the modes of drainage in use in theh 
respective countries. The authors and subsequent speakers, -with 
hardly an exception, condemned the disconnecting trap as useless, 
or worse. Whipple, Professor of Sanitary Engineering at Harvard 
University, in an address on " Enghsh and American House Drain
age," said " the plumbing laws in both countries are seriously to be 
criticised for not ha-ving thro^wn off sooner the incubus of the 
antiquated and soientificaUy discredited sewer-gas theory of disease 
transmission," which had " led both England and America to waste 
enormous sums of money on plumbing dê vices to protect against 
exaggerated dangers." * 

Babbitt, referring in the fourth edition of his " Sewerage and 
Sewage Treatment " to intercepting traps says : " Experience has 
sho-wn that the use of these traps m a y result in more danger than 
protection." f 

In the re-vised by-laws of the Ministry of Health, which will be 
found on p. 193, the pro-vision of an intercepting trap is made optional 
in cases in which the drain discharges into a sewer. Many local 
authorities throughout the country, including the London County 
CouncU, have avaUed themselves of this option and no longer call 
for interceptors. 

One-Pipe System. Another break -with tradition was the -with
drawal of the prohibition, pre-viously in force, of the connection of 
the waste pipe from a lavatory basin, bath or sink -with a soil-pipe, 
and the consequent abohtion of the unsightly and insanitary gully 
and the array of outside do-wn-pipes which were necessary under the 
older by-laws. The concentration of all the household wastes in a 
single pipe is from every point of view deshable. It saves a great 
deal of unnecessary expense and it minimises the fouling of the pipes. 
The flow through waste-pipes and soU-pipes is not continuous, and 
there is often nothing passing through them for hours at a time. 
The inside of a soU-pipe gets splashed -with faecal matter, which an 
occasional two-gallon flush can hardly remove. The waste-pipes 
from sinks and lavatories tend to become coated •with an offensive 
slime. If all the wastes go down the same pipe, it •wUl ob-sdously 
be flushed more frequently, and kept much cleaner than a number of 
pipes each recei-ving the discharges from one or two fixtures. 

The Royal Sanitary Association of Scotland, at its Congress in 
1926, passed a resolution unanimously appro-raig of the single-pipe 

* Trans. Int. Oonf., pp. 267, 269. f Loo. cit., p. 120. 
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system, and at a largely attended meeting held at the Royal Sanitary 
Institute on 11th October, 1932, the opinions expressed were all in 
favour of it. 

The re-^sed By-laws of the Ministry of Health permit the discharge 
of bath and sink wastes into the soil-pipe, the diameter of which 
must be not less than 3 inches ; and on 4th July, 1932, the PubUc 
Health (General) Sub-Committee of the London County Council 
adopted the f oUo-wing resolution :— 

" That, without the Council being in any way committed to the 
alteration of the drainage by-laws to permit of a one-pipe system 
of drainage in London, the Metropohtan Boroughs Standing Joint 
Committee, the local sanitary authorities in London, and the pro
fessional, technical, trade, and other associations concerned, be 
in-vited to submit, for the Council's consideration, their observations 
on the draft drainage by-laws (amended to permit of the installation 
of a one-pipe system of drainage) submitted -with the report of the 
Pu.bKc Health (General) Sub-Committee, dated 4th July, 1932." 

This recommendation was agreed to by the Central Pubhc Health 
Committee on 14th July, 1932. 

The sudden discharge of a comparatively large body of water 
from a bath or water-closet do-wn a soil-pipe sets up a momentary 
pressure, followed by a partial vacuum ; this tends to force the traps 
of the fixtures connected -with it, which must therefore be of ample 
depth. The draft by-laws of the London County Council prescribe 
for pipes less than 3 inches in diameter traps -with a water-seal of 
not less than 3| inches. As a further safeguard against siphonage 
the trap must be ventilated by a pipe running from the highest part 
of it, below the water-seal, into a main ventilating pipe carried up 
above the roof of the house. 

Exception has been taken to the term " one-pipe system " on 
the ground that there is a ventUating pipe as well as a soil-pipe. 
The name is, however, strictly correct, for it means that all the 
wastes from the house are discharged into a single pipe. 

The Cumberland Hotel, recently built at Marble Arch, London, 
is drained on the one-pipe system. 

Cesspools. There are thousands of houses scattered up and do"wn 
the country which are not within reach of a sewer, and for which 
therefore some other provision must be made. In such cases the 
best plan is to put in an earth-closet and to get rid of the slops and 
sink wastes in the garden. If the ground is not absorbent, or if the 
quantity of waste water is too great to be disposed of in this way, 
it may be run into a cesspool, which m a y be built either of concrete 
or of brickwork or stonework in cement mortar, but in any case 
should be water-tight. In porous ground cesspools are often built 
with open joints, in order that theh contents m a y soak away into 
the subsoU. This saves the expense of emptying them, but it is a 
dangerous practice, as it involves the risk of polluting neighbouring 
water supphes. 

The emptying of a cesspool is at best a dirty and disgusting 
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operation. The best plan is to force out the contents by atmospheric 
pressure into a closed portable tank in which a partial vacuum has 
been produced by a motor-driven pump. In some districts cess
pools are emptied by the Local Authority. In others this has to be 
done by the occupier of the house or by a contractor paid by him. 
If a vacuum van is used, it is emptied on to land set apart for the 
purpose. If the occupier himself pumps out his cesspool, he •will 
usuaUy dispose of its contents in the garden. 

The Model By-laws of the Ministry of Health contain the following 
provisions in regard to cesspools :— 

" (1) The cesspool shall be constructed 
(a) at least 50 feet from a dweUing-house, or public building, or 

any building in which any person may be, or may be intended to be, 
employed in any manufacture, trade or business. 

(6) at least 60 feet from any weU, spring, or stream of water used 
or likely to be used by man for drinking or domestic purposes, 
or for manufacturing drinks for the use of man, and otherwise in 
such a position as not to render any such water liable to pollution. 

" (2) The cesspool shall be so constructed and situated that there 
shaU be ready means of access for cleansing the cesspool and for 
remo^ving its contents -without carrying them through any dweUing-
house, or public building, or any building in which any person may 
be, or may be intended to be, employed in any manufacture, 
trade, or business. 

" (3) The cesspool shaU not communicate with any sewer. 
" (4) The cesspool shaU be constructed of good brickwork in cement 
on a foundation of good cement concrete and rendered inside 
with cement or properly asphalted, and with a backing of at least 
9 inches of weU-puddled clay or of at least 6 inches of good cement 
concrete around such brick-work, or otherwise constructed of 
suitable material and so as to be impervious to liquid. 

" (5) The cesspool shall be arched or otherwise properly covered and 
adequately ventilated." 

Cesspools are often adopted -with the object of staving off a 
sewerage scheme. This is usually a short-sighted pohcy, for 
sewers •will probably have to be laid sooner or later, and the money 
which has been spent on the cesspools •will have been thro-wn away. 
In a village where all the water has to be pumped or fetched from 
a distance, and very httle consequently is used, the cost of emptying 
the cesspools may not at first be excessive; but when in course of 
time water is laid on, and baths and water-closets come into general 
use, it becomes a serious matter, and in such a case the provision of 
proper sewers and purification works -wUl often result in actual 
rehef to the rates. 

FUter Trenches. The Ministry of Agriculture and Fisheries issued 
in 1921 a memorandum entitled " Sanitation and Drainage in 
Connection -with Small Holdings," containing suggestions for the 
drainage of cottages having no water-closets in cases in which there 
is no sewer avaUable. 
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Wherever the slop-water can be discharged on to the surface of 
the ground, they recommend that it be disposed of by hrigation, 
but where the levels do not admit of this, they suggest the con
struction of filter trenches, as sho-wn in Fig. 31. 

The slop-water is deUvered into a hne of 4-inoh agricultural pipes 
embedded in the top of the clinker -with which the trench is filled. 
If an outlet can be obtained into a ditch or stream, another hne of 

FrLTEK TKENOH. 

open-jointed pipes m a y be laid in the bottom of the trench, but, if 
not, the effluent -wUl have to soak into the ground. If there is a 
water-closet, the sewage must first be passed through a septic tank. 

The sewage from the Treloar Hospital at Sandy Point, Hayhng 
Island, was disposed of in this way for several years, pending the 
laying of a sewer into which it could be discharged. 



CHAPTER X X 

SEWERAGE 

Choice of Site for OutlaU. The first step in the design of a sewerage 
system is to settle the position and level of the outfall. This is not 
always an easy matter, for a number of considerations have to be 
borne in mind. The outfaU should, if possible, be so placed that the 
whole of the inhabited area, present and future, can be drained to it 
by gra-vitation. It should not be too near houses, but, on the other 
hand, not so remote as to necessitate a long and expensive outfall 
sewer. If purification works are necessary, there must be ample 
room for them, and future extension should be allowed for. The 
site should not be Uable to flood. 

Comprehensive Schemes. Where the drainage area is situated on 
a ridge, it is not always possible to drain the whole of it to one 
point. A smaU vfllage in Devonshire had no fewer than five 
separate outfalls. The multiphcation of sewage works is from 
every point of -view undeshable, and it is now recognised that U 
two or more adjoining districts can be drained to the same outfaU, 
this should be done. The Middlesex County Council are now laying 
down works at Mogden, near Isleworth, to purffy the sewage which 
has hitherto been dealt with at twenty-seven independent works 
in the western part of the County, and it is proposed to carry out a 
shnUar scheme in the eastern part. 
The Royal Commission on the Local Government of Greater 

London, a few years ago, suggested that some modification of the 
existing drainage arrangements, over an area -wider than that of 
the County of London, was ad-visable. In pursuance of this sugges
tion, the technical aspects of the matter were investigated by a 
Committee composed of Sir George Humphreys, formerly Chief 
Engineer to the London County CouncU, Mr. T. Pehson Frank, his 
successor, and Mr. J. R. Taylor, one of the Engineering Inspectors 
of the Ministry of Health. 
The Committee have now issued a report in which they deal with 

an area of 1928 square mUes, lying approximately within 25 mUes 
of Charing Cross, and comprising that part of the watershed of 
the Thames which comes within that radius. It appeared possible 
at first sight that the population of this area might ultimately reach 
a figure of 20 millions, but from information supphed by the Regis
trar-General it was e-ndent that such a population is beyond a 
reasonable range of possibihty. Within the area dealt -with there 
are no fewer than 182 pubhc sewage works, or one to every 9^ 
square mUes. 

205 
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The Committee considered three schemes for dealing -with the 
sewage of Greater London :— 

(a) to treat it at twenty-three disposal works ; 
(6) to treat it at ten disposal works ; and 
(c) to discharge it into the Enghsh (IJhaixnel at Dungeness. 

They did not consider that the estabhshment of twenty-three 
sewage disposal works would be a satisfactory solution of the 
problem. They estimated the cost of ten disposal works at 
£50,000,000 and that of the sea outfaU scheme at £110,000,000. 
They recommended that the sewage of Greater London should be 
dealt with at ten, or fewer, centralised disposal -works. 

The policy of deahng with sewage on comprehensive Unes has 
already been adopted on a large scale in Germany. In the course 
of the past thirty years, ten sanitary districts have been formed, 
of which the Emschergenossenschaft is the fhst and best known. 
These districts include more than 10,000,000 inhabitants, one-sixth 
of the population of Germany, and cover an area of 9,600 square 
miles, or one-twentieth of that of the whole country. It is recog
nised that only thickly settled communities are suitable for sanitary 
districts. 

Lines of Sewers. Sewers are usuaUy laid in the roads. There 
are several reasons for this. In the first place, no compensation for 
easements has to be paid, and the manholes are more accessible than 
if they were placed on private property. A sewer in the road 
moreover -wUl ordinarily serve the houses on both sides of it. On 
the other hand, the water-closets, sinks, etc., are usually at the backs 
of the houses, and, if the latter are built in terraces, drains to a 
sewer in the street •will have to be laid under them, which is undesh
able. O n sidelong ground moreover a sewer in the street, unless 
excessively deep, m a y not be low enough to drain the houses on one 
side of it. In these days of expensive road surfaces a sewer in the 
actual roadway and the connections to it may be a very costly 
matter, and if there is a grass verge on both sides it may cost less 
to lay a sewer under each of them than one in the road. 

Combined v. Separate System. The question of admitting or 
excluding storm-water is often a difficult one. 

To the combined system one obvious advantage m a y be con
ceded : only one set of sewers is requhed instead of two. It is also 
claimed for it that the rain-water helps to flush the sewers. This 
claim will not bear exammation. Even in the humid chmate of 
Great Britain there are sometimes long spells of dry weather, so 
that the rain cannot be relied on for flushing purposes. And the 
admission of storm-water, so far from helping to keep the sewers 
clean, is a positive hindrance to doing so. In the first place, it 
necessitates much larger sewers, and consequently in dry weather a 
more sluggish flow. And secondly, the m u d and grit from the roads 
will tend to form deposits. 

To take a concrete example—a to^wn of 10,000 people, living on 
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an area of 100 acres -with a clay subsoil, from which the maximum 
run-off m a y reach 1 inch per hour. The dry-weather sewage will 
be, say, 20 gallons per head, or 200,000 gallons per day, which gives 
an average fiow of 22-2 cubic feet per minute. The maximum 
run-off in time of rain -will be 6050 cubic feet per minute, or 272 
times the dry-weather flow. A 12-inch sewer at a gradient of 1 in 
320 will carry six times the dry-weather flow •with a depth of 10-1 
inches. If the storm-water is admitted, a 51-inch sewer at the same 
gradient -wUl be requhed. With the average dry-weather flow the 
depth in the 12-inch sewer -wUl be 3^ inches and the velocity 123 
feet per second. The same quantity running in a 51-hich sewer wUl 
form a stream only 2J inches deep, and •will flow at a velocity of 
102 feet per second. In a small to^wn or a -village, in which the houses 
are more or less scattered, the disproportion between the dry-weather 
flow and the storm flow •will be even greater. 

In a large city, on the other hand, the population -wUl be much 
denser; and a large proportion of the storm-water -wUl consist of the 
foul washings from roads, and in such a case the combined system of 
sewerage -wUl usually be the more appropriate. 
Storm Flo-ws. Where surface water is to be admitted to the sewera, 

it is necessary to ascertain the maximum flow which they -wiU ever 
be caUed upon to carry, and this -wiU requhe very careful considera
tion. Various formulse have been proposed for estimating storm 
flows. A m o n g others who have investigated the subject was the 
late Mr. D. E. Lloyd-Da-vies, who carried out in 1904 a series of 
observations on the storm-water discharge from three districts in 
Bhmingham. The results of these observations are recorded in a 
paper read at the Institution of Civil Engineers in 1906. His 
conclusions are as foUows :— 
" (1) That the storm-water discharge from any defined district is 

dhectly proportional to the percentage of impermeable area comprised 
in it. 

" (2) That, subject to a time aUowance being added for the entrance 
of the rain into the system, the discharge of storm-water from under
ground channels is proportional to, the aggregate rainfall dm?ing the 
time of concentration of the water through the conduits, from the 
extreme boundaries of the district to the point of observation. 

" (3) That the maximum rate of flow is reached when the greatest 
cumulative rainfaU occurs that is appUcable to the duration of the 
minimum time of concentration and the district considered. 

" (4) That the total volume of storm-water received is pro
portional to the maximum rate of flow." 

These conclusions are expressed in the formula Q = (60-5 X -r- X »•) 
X Ap, in which Q denotes the discharge of storm-water in cubic 
feet per minute, t the time of concentration in minutes, r the total 
rainfaU in inches in time t and Ap the percentage of impermeable 
area in acres. 

The term " time of concentration " is used to denote the time 
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which storm-water takes to flow from the furthest point in the 
district to that at which it is deshed to ascertain the discharge. 

It -wiU not be sufficient to base the pro-vLsion for storm-water on 
the maximum daily rainfaU, for the intensity of faU over short 
periods is always greater than the average for the whole day. 
Various attempts have been made to de-vise a formiUa whereby the 
maximum intensity of faU may be arrived at. The rates which 
were adopted by the Committee on Floods in relation to Reservoh 
Practice -wiU be found on page 150. In 1929-30 a Committee 
appointed by the Ministry of Health held an inquiry into the sub
ject. As the result of an examination of the records of seven rainfaU 

30 
stations, the Committee adopted the formulse R = „ _ , „, where 
40 
T is from 5 to 20 minutes, and R = „ _ „„, where T is from 20 to 
100 minutes, R being the intensity of rainfaU in inches per hour, 
and T the time of concentration, or the duration of the storm in 
minutes. The maximum intensities given by this formula are as 
foUows :— 
Time of concentration (minutes) . . . 5 10 20 60 100 
Intensity of rainfaU (inches per hour) . . 2-0 1-5 1-0 0-5 0-33 

The intensity of faU ha-ving been thus ascertained, the run-off is 
calculated by the formula Q = 60 A^R, 

where Q is the run-off in cubic feet per minute, 
A is the drainage area in acres, 
p is the factor of impermeabUity 

and R is the intensity in inches per hour. 

The foUowing values for the " factor of impermeabUity " have 
been suggested by Kuichhng :— 

TUe and slate roofs . . . . . . . . 0-95 
Asphalt and dense pavements . . . . . . . 0-90 
Wood or stone pavements . . . . . . . 0-80-0-85 
Gravel roadways . . . . . . . . . 0-15—0-30 
Densely-built centre of city . . . . . . 0-7 -0-9 
Densely-built residential district . . . . . 0-5 -0-7 
Residential districts not densely built up . . . 0-25-0-5 
Parks and open spaces . . . . . . . 0-1 -0-3 
La-wns, gardens, meadows, etc., cultivated areas, varying -w-ith 

<?lope and character of soil . . . . . . 0-05-0-25 
Wooded areas 0-01-0-20 

AUowance must also be made for the sewage, the volume of which 
wiU usuaUy be smaU in proportion to that of the storm-water. 

At Richmond, Surrey, and at Reading there are separate sewers 
for the storm-water, and its exclusion from the foul sewers is strictly 
enforced. At Brighton aU the older sewers are on the combined 
system, but in the newly sewered areas, in which the rain-water 
can be got rid of by soakage into the chalk, the totally separate 
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system has been adopted. These cases, however, are exceptional, 
and in view of the difficulty of keeping out the whole of the storm-
water, it is usual to adopt the " partially separate system," in which 
the rain-water from backyards and the rear slopes of the roofs is 
admitted to the sewers, and the rest is left to flow off by the highway 
drains or other channels. 

Storm Overflows. Even -with the partially separate system far 
more storm-water m a y enter the sewers than the disposal works 
are able to deal -with, and if the sewage has to be pumped or conveyed 
to the works by a long outfall sewer, it is usual to restrict the volume 
passing on to six times the dry-weather flow, and to allow the surplus 
to escape by a storm overflow. A storm overflow is a weh formed 
by the side of the sewer at such a level as to come into action as 
soon as a given rate of flow is exceeded. It is important to remember 
that the weh -will not Ihnit the flow to this rate, for the depth of the 
sewage -wiU go on increasing until the whole of the excess flow is 
passing over the weh, and this additional depth may involve a 
considerable increase in the flow do"wn the sewer. The shorter the 
weh the greater wUl be the increase in the flow. Take for example 
the case of a 24-inch sewer at a gradient of 1 in 500 with a dry-
weather flow of. 55 cubic feet per minute. This sewer •will carry, 
when running half full, 329 cubic feet per minute, or sis times the 
dry-weather flow, and 701 cubic feet per minute as a maximum. 
If when the sewer is conveying 701 cubic feet per minute it were 
deshed to limit the flow to 329 cubic feet per minute by means of a 
weh 3 feet long, formed •with its crest level •with the centre of the 
sewer, each foot in length of the weir would have to discharge 124 
cubic feet per minute. This means a depth of 9 inches on the weh, 
and consequently a depth of 12 inches plus 9 inches (= 21 inches) 
in the sewer below it, corresponding to a flow of 691 cubic feet per 
minute, or 12|- times the dry-weather flow. It is obvious that such 
a weh could not carry off the excess above six times the dry-weather 
flow. The depth on the weh would not actually be so great as 9 
inches, for the flow over it j)lus that down the sewer below would 
be far more than the total flow above the weh. 

This example shows the futihty of attempting to Umit the flow 
in a sewer by means of too short a weh. In such a case the weh 
should be not less than 10 feet in length, and it would be better to 
put in two 10-foot wehs, one on each side of the sewer. The depth 
on these would be about 2 inches, and that in the sewer below the 
weirs 14 hiches. With a total flow of 701 cubic feet per minute, 
as before, about 275 cubic feet per minute would pass over the wehs, 
leaving 426 cubic feet per minute, or 7| thnes the dry-weather flow, 
to flow on do^wn the sewer. It -wUl be seen that even two lO-foot 
wehs •wiU not suffice to limit the flow do-wn the sewer to six times 
the dry-weather rate. Much ingenuity has been expended in 
attempts to design a weh which -wiU do so. 

The overflow weir should always be masked by a scum slab 
(Fig. 32) to prevent the escape of floating sohds. 

p 
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Fig. 33 shows the so-called " leaping weh," which was introduced 
by the late J. F. Bateman. When less than six times the dry-
weather flow is coming do-wn the sewer, the whole of it drops through 

FIG. 32.—STOKM ©•VEEFIOW. 

FIG. 33.—LEAPING WE I E . 

the slot and passes on to the puriflcation works, but when this rate 
of flow is largely exceeded, the increased velocity -wUl carry most of 
the diluted sewage over the slot into the overflow conduit. A weh 
of this kind requires a certain amount of fall, and it has been objected 
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to on the ground that the whole or the greater part of the flow m a y 
overflow into the river, lea-ving little or none to pass on to the 
purification works. If, however, the sewage is so dilute that a part 
of it m a y properly be discharged into the river, there would seem to 
be no good reason why the whole of it should not go the same way. 

Gravitation v. Pumping. It is, as aheady pointed out, deshable 
that the whole of the sewage should flow to the outfall by gravitation. 
Apart from the initial cost of a pumping station and the continual 
expense for power and attendance which it involves, it is better in 
every way that the sewage should reach the purification works con
tinuously and in a fresh condition. This, however, is not always 
possible, for a part or even the v/hole of the drainage area may be 
below the level of the outfall, or so low that proper gradients for the 
sewers cannot be obtained. A portion of it may lie in another 
watershed, separated from the rest by a ridge through which the 
sewage could be carried only by a deep and expensive sewer in 
tunnel. Or the whole area m a y be so flat that in order to give self-
cleansing gradients to the sewers some of them would have to be 
laid at great depths in unstable or water-logged ground. In any of 
these cases pumping is practically unavoidable. 

But even where pumping has to be resorted to, it does not neces
sarily follow that the whole of the sewage need be pumped. A 
district often presents considerable differences in level, and in such 
a case it "wUl usuaUy be practicable to collect the greater part of the 
sewage into a high-level intercepting sewer, leaving only that from 
the lower levels to be pumped. Where the high-level sewage, how
ever, is only a small proportion of the whole, or where its separation 
would necessitate long and expensive intercepting sewers, it will 
often be more economical to p u m p all the sewage, for if pumping is 
necessary in any case, a shght increase in the size of the pumping 
plant can be made "without adding much to its cost. 

Against the first cost and operating expenses of a pumping scheme 
should be set the -wide range which it gives in the selection of a 
site for the disposal works. 
The choice of the position of the pumping station •will requhe 

some consideration. It is convenient to have the whole of the 
machinery for deahng •with the sewage concentrated at the disposal 
works, but, on the other hand, by pumping the sewage nearer the 
town a deep and expensive outfall sewer may often be dispensed 
with. 

Requirements of the Ministry of Health. A n application to the 
Ministry of Health for sanction to a loan for works of sewerage and 
sewage disposal must be accompanied by an estimate on Form 
K29. 

Part I is a series of fifteen questions to be answered by the Clerk 
to the CouncU. These questions are similar, in the main, to those 
on Form K 20 (see p. 141). The Ministry ask also whether any of 
the works will be below high-water mark and whether the sewage 
(or effluent) wUl pass over any shellfish beds. 
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Part II sets forth the Ministry's Engineering Requhements. 
The fhst six rules are practically the same as in Form K 20 (p. 141). 
The last two are as follows :— 

" All manholes should be numbered on both plans and sections. 
" The size and gradient of each existing sewer to which connection 

is proposed to be made should be sho^wn on both plans and sections." 

In the estimate for sewers the foUo-wing particulars of each length 
must be given : Numbers of the manholes at the ends of it; gradient; 
average depth to invert; internal diameter or dimensions; con
struction (whether brick, concrete in situ, concrete tube, glazed 
ware, cast iron or steel, and whether or not surrounded •with concrete); 
length and price per yard. 

The manholes are grouped together in a separate table, with 
columns for average depth, construction, number, and price. Man
holes of widely varjdng depths should not be grouped together at 
one average price. Gulhes, Flushing Tanks, etc., and Sewer 
VentUators foUow. 

Next comes the estimate for Sewage Treatment Works, e.g. 
Screening Chambers, Detritus Tanks, Sedimentation Tanks, FUters, 
etc., each of which should be set out separately. The total capacities 
of the tanks should be given in gallons and those of the filters in 
cubic yards. 

Machinery (Pumps, Engines, Motors, Distributors, Mechanical 
Screens, etc.) forms the subject of a separate estimate. The 
capacities of engines and motors should be given in brake horse-power 
and those of pumps in cubic feet per minute. 

The costs of the various works and the allowances for contingencies, 
engineer's fees, etc., land, easements, and legal and loan charges are 
grouped in the Summary. 

The foUo-wing particulars of all foul and surface water sewers must 
be given : Size ; Construction; Maximum distance between any 
two manholes, and flattest gradient. (These particulars must be 
inserted in the table on page 8 of the form, in which each Une 
refers to all the sewers of one size, taken as a whole) ; 

Maximum cover over glazed pipes or concrete tubes; minimum 
cover over glazed pipes or concrete tubes under roads; minimum 
cover over glazed pipes or concrete tubes not under roads; nature 
of subsoU (clay, sand, rock, etc., water-logged or dry); concrete 
protection ; any special features (risk of subsidence, flooding, etc.); 
system (" separate," " partially separate," or " combined " ) ; 
means of flushing ; means of ventilation; number of storm overflows ; 
wehs set at . . . times dry-weather flow, discharging into . . .; 
outfalls of proposed surface water sewers. 

The form concludes -with the folio-wing statement of the Ministry's 
" present normal requirements as regards manholes and concrete 
protection of glazed ware and concrete sewer pipes." 

"1. Manholes (not lampholes) to be provided at all changes of 
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direction and gradient and at distances apart not exceeding about 120 
yards. 

"2._AU pipes and tubes in heading or with 20 feet or more of 
cover in trenches to be surrounded with at least 6 inches of concrete. 

"3. Subject to (2) aU pipes and tubes with over 14 feet of cover to 
be bedded on and haunched -with at least 6 inches of concrete to at 
least the horizontal diameter of the pipe or tube. Any splaying of 
the concrete to be above that level. 

" 4. Subject to (2) aU pipes and tubes of 18 inches diameter and 
over to be bedded on and haunched with at least 6 inches of concrete 
to at least the horizontal diameter of the pipe or tube. Any splaying 
of the concrete to be above that level. 

" 5. Subject to (6), all pipes and tubes under 18 inches in diameter 
and -with less than 14 feet of cover may be laid without concrete, 
if the joints are of the socket or collar type (but concrete tubes -with 
O G joints are permissible when laid as in (2), (3), (4), or (6)). 

" 6. All pipes and tubes with less than 4 feet of cover under roads, 
or 3 feet not under roads, to be surrounded with at least 6 inches 
of concrete." 



CHAPTER XXI 

FORMS AND SIZES OF SEWERS 

Sizes. A hundred years ago sewers and drains were practically 
unkno^wn. The household slops were thrown on to the ground, and 
the discharges from the few water-closets then in use soaked into 
the subsoil from leaky cesspools. The earliest sewers were merely 
the ordinary water-courses and ditches, and when in time special 
sewers had to be constructed they were built of all shapes and sizes 
and with any kind of material. Most of them were made large 
enough for men to go through them and clear them periodically, 
for the flow was generally too sluggish to carry on the solids, which 
formed offensive deposits on theh floors. 

It is now reahsed that sewers should always be self-cleansing, and 
they are designed -with some regard to the quantity of sewage which 
they •will have to carry. Except in the larger sizes, they are always 
made chcular in cross-section. 

The volume of the sewage from any community is usuaUy about 
equal to that of the water supply, which ranges from 10 or 15 gallons 
per head per day in the case of a -village to 40 gallons or more in 
that of a large to-wn. 

The flow is never uniform throughout the twenty-four hours, but 
is usually greatest in the forenoon and very small from midnight to 
6.0 or 7.0 a.m. It is often said that one-haU of the day's flow comes 
down in six or eight hours, but for the purpose of settling the size 
of a sewer such a statement conveys no useful information. The 
essential point is to know the greatest quantity which m a y have to 
be carried at any moment. It is sometimes stated that the maximum 
rate of flow -will not be more than about t-wice the average. This is 
doubtless true in some cases, but it is very unwise to assume that 
observations which have been made under one set of conditions -will 
hold good where the circumstances are altogether different. 

In a large town, the inhabitants of which follow many different 
occupations, the variations in flow are smoothed out to a great 
extent by the time the sewage reaches the outfall. Where, on the 
other hand, there is only a single industry, as in a mining -village, 
and all the sewers are short, there is no such equalising tendency, 
and the maximum rate of flow may be three or four times the 
average. In the case of a large school, barracks, or public institu
tion the difference between the average and the maximum rate of 
flow may be even greater. 

In ordinary cases, the smaller the area served by a sewer the larger 
should be the allowance for variations in the rate of flow, and, after 

214 
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making provision for the greatest flow which can deflnitely be fore
seen, a margin should be added for contingencies. In the case of 
a large outfall sewer a margin of 33 per cent, -will often be sufficient, 
whUe in that of the smaller branches 100 per cent, will not be too 
much. The foUo-wing table shows the ratios of maximum to 
average flow which I adopted in a city with a prospective population 
of 250,000, and the number of times the average flow which a sewer 
of each size would carry when running full, the differences between 
the second and thhd lines of the table being the margins added for 
contingencies. N o storm-water is admitted to the sewers. 

TABLE XXII. 

Margins of Capacity to be Provided in Servers. 

Diameter 
Probable maximum flow 

= average flow x 
Capacity of sewer = 
average flow x 

Diameter 
Probable maximum flow 

= average flow X 
Capacity of se-wer = 
average flow X 

Diameter 
Probable maximum flow 

= average flow X 
Capacity of se-wer = 
average flow X 

Diameter . 
Probable maximum flow 

= average flow X 
Capacity of sewer = 
average flow x 

6" 

3-0 

6-0 

15" 

2-0 

4-0 

30" 

2-0 

3-0 

48" 

1-7 

2-4 

7" 

3-0 

6-0 

16" 

2-0 

4-0 

33" 

1-9 

2-9 

51" 

1-6 

2-3 

8" 

2-75 

5-5 

18" 

2-0 

3-8 

36" 

1-9 

2-8 

54" 

1-6 

2-2 

9" 

2-5 

5-0 

21" 

2-0 

3-6 

39" 

1-8 

2-7 

57" 

1-5 

2-1 

10" 

2-5 

5-0 

24" 

2-0 

3-4 

42" 

1-8 

2-6 

60" 

1-5 

2-0 

12" 

2-25 

4-5 

27" 

2-0 

3-2 

45" 

1-7 

2-5 

Sewers range in diameter from 6 inches to 15 feet or more, but 
where the amount of sewage to be carried is very great, it -will 
sometimes be more convenient to construct two or more sewers of 
moderate size side by side than one very large one. 

Where no storm-water is admitted to the sewers it is possible to 
use much smaller pipes than were formerly considered necessary. 
Some engineers stUl regard 9 inches as the minimum diameter for a 
sewer, but it is generally recognised that a 6-inch sewer is amply 
large for a street of say 100 houses. A 4-inch pipe laid at a gradient 
of 1 in 62 -will carry 141,300 gallons per day with a velocity of 3 
feet per second. This is equivalent to six times the dry-weather 
flow from about 1200 people, using 20 gaUons of water per head per 
day, and if it were absolutely certain that this rate of flow would never 
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be exceeded a 4-inch sewer might safely be used. It is never advisable, 
however, to cut the size of a sewer too fine, and in view of the small 
difference which there is between the cost of a 4-inoh and a 6-inch 
sewer the 6-hich is usuaUy to be preferred. 
Velocities of Flow. Tables VII and VIII (pp. 86 and 87) show the 

gradient required to maintain a given velocity in a sewer of any 
diameter up to 48 inches and its carrying capacity at that gradient. 
The velocities and discharges sho-wn in these tables hold good only 
when the pipes are running full. Those in sewers running partly 
full can be obtained by calculation, using the proportional values 
given in Tables X I and XII (pp. 93 and 94). It wUl be seen 
that when a sewer is half-full the sewage -will fiow at the same 
velocity as U it were full, and that when the depth of flow is less 
than haU the diameter the velocity -will be less. O n the other 
hand, when a sewer is more than haU-fuU the sewage -wUl run 
faster, the maximum velocity (1-14 times that in a full pipe) 
occurring when the depth of flow is about four-fifths of the 
diameter. With a depth of flow equal to fifteen-sixteenths of its 
diameter a sewer will carry about 8 per cent, more than when it is 
running full. 

Every sewer, as aheady stated, should be self-cleansing, and the 
velocity requhed to render it so -wUl depend on its condition. If it 
is badly laid, -with an uneven gradient and frequent intrusions of 
jointing material into the pipe, it will always be liable to choke, 
however great m a y be the velocity in it. If, on the other hand, it 
is laid to a true gradient and its interior is smooth and free from 
obstructions, a comparatively low velocity -will suffice to keep it 
clear. 

Before any experience was available for guidance in the design 
of sewers, experiments were made to ascertain the velocities required 
to carry on various kinds of sohds. Beardmore, in his " Manual of 
Hydrology," said that a velocity of 
30 feet per minute will not disturb clay -with sand and stones. 
40 „ „ sweep along coarse sand. 
60 ,, ,, ,, ,, fine gravel, the size of peas. 
120 „ „ ,, „ rounded pebbles, 1 inch in diameter. 
180 ,, ,, „ ,, angular stones. If inches in diameter. 

The velocities referred to are those at the bottom of the sewer, 
which are usuaUy about four-fUths of the mean velocity. 

Certain hard and fast rules have been laid do-wn to govern the 
velocities which should be maintained in sewers and drains. It is 
often said, for instance, that the velocity in a 6-inch or 9-inch sewer 
should be not less than 3 feet per second; in a sewer from 12 inches 
to 24 inches in diameter 2J feet per second; and in larger sewers 
2 feet per second. Such velocities are frequently unobtainable. 
There is many a 9-inch sewer, for instance, in which the fiow never 
exceeds 9000 gallons per day. To get a velocity of 3 feet per second 
in such a sewer it would have to be laid at a gradient of about 1 in 8|. 
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A 6-inch sewer carrying the same quantity would give the deshed 
velocity at a gradient of 1 in 10, and a 4-inch sewer at 1 in 12.* 
There are very few places in which such gradients could be obtained. 

These rules are nevertheless glibly repeated, although, so far as I 
a m aware, no evidence has ever been brought forward in support of 
them. The question of self-cleansing velocities has, however, been 
seriously studied in America. 

Fuller and McClintock say : 

" Non-depositing velocities in sewers are deshable, but it is a fact 
that fairly satisfactory results m a y be obtained where grades are so 
flat that at times the liquid will run away and leave the sewage solids 
stranded on the bottom and sides of the sewer pipe. With -vitrified 
pipe this situation -will not give serious complications, pro-vided about 
28 inches per second velocity is secured once a day or perhaps several 
times each week." -j-

Babbitt, Professor of Sanitary Engineering at the University of 
Hhnois, says : 
" The velocity of flow in a sewer should be sufficient to prevent 

the sedimentation of sludge and light mineral matter. Such a 
velocity is in the neighbourhood of one foot per second, which should 
be available under conditions of dry-weather flow. The minimum 
velocity when full should, therefore, be about two feet per second. 
Under this condition, the velocity of one foot per second occurs when 
the sewer is less than 17 per cent, full." 

Ogden, of ComeU University, has examined sewers ha-wng a 
velocity of 0-9 feet per second, and found them free from any trace 
of deposit. H e is quite satisfied when he gets a velocity of 1 foot 
per second. 

These statements, surprising as they m a y sound to some readers,. 
are in accordance with the results of experience, for there must be 
many thousands of sewers, both in this country and abroad, in which 
the velocities are much less than are generally said to be necessary 
but which nevertheless keep themselves perfectly clear. These 
sewers are for the most part laid at the conventional gradients, but 
the quantity of sewage flo-wing in them is far too small to give any
thing hke the prescribed velocity. The average dry-weather flow 
m a sewer -wUl rarely fill it to more than a quarter of its depth, and 
at night and for m a n y hours during the day the depth of flow -will 
be even less. Where provision is made for storm-water, or for 
mcrease in the quantity of sewage due to future gro-wth of population, 
the disparity between the carrying capacity of the sewer and the 
flow, and consequently between the velocity given in the tables 
and the actual velocity, will be even greater. 

Records of the velocities in sewers in which the flow is only a 
small proportion of their carrying capacity are naturally scanty, 
* These gradients have been calculated from Crimp and Bruges' formula 

V = 124 -^'r^ Vs', which I have used throughout this chapter. 
-j- " Solving Sewage Problems," p. 176. 
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for so long as a sewer is working well no one troubles to measure the 
rate of flow. 

At Martock, Somerset, which is sewered on the combined system, 
the average velocity in the 12-hich outfall sewer, the gradient of 
which is 1 in 600, did not during the drought of 1921 exceed 0-9 foot 
per second. It has never failed to keep itself clear. 

Several similar cases are reported in the Journal of the Institution 
of Engineers, Australia, for August 1933. The paper describes 
schemes of sewerage and sewage disposal carried out by E. M. 
Garlick during the past ten years for three small to-wns in Victoria. 
A table is given showing the velocities, as measured -with fluorescin, 
in twenty-one of the sewers. In two cases the average velocities 
were 0-37 and 0-38 foot per second respectively ; in four others 1 foot 
per second or under ; in eight between 1 foot and 1J feet; in two 
between IJ and 1J feet; in three between 1^ and If feet; and in 
only two over If feet per second. The lowest velocity (0-37 foot 
per second) occurred in a 1473-foot length of 9-hich sewer laid at 
gradients of 1 in 135 and 1 in 233, and the next lowest (0-38 foot per 
second) in 605 feet of 6-inch sewer at a gradient of 1 in 42. The 
sewers are generally self-cleansing, and in none of the cases in 
which the velocity was less than 1-24 feet per second has flushing 
been found necessary. 

Gradients. The discrepancy between precept and practice is due 
to the habit, which is far too common, of considering the gradient 
of a sewer with reference to its diameter, instead of, as should be 
done, -with reference to the quantity of sewage which it has to carry. 
This tendency has been responsible for the waste of a great deal of 
pubhc money, for in many cases larger sewers have been laid than 
were required to carry the flow, under the delusion that the larger 
the pipe the better would be the velocity. As every engineer 
knows, the reverse is the case, and the flatter the gradient of a sewer 
the more important it is to use the smallest pipe which -wUl carry 
the flow. The gradient required to maintain a given velocity de
pends, in fact, not on the size of the pipe, but on the quantity of 
sewage to be carried. 

Tables Nos. XXIII to X X I X show the velocities in 4-hich, 6-inch, 
7-inch, 8-inch, 9-inch, 10-inch, and 12-inch sewers at different 
gradients with the flows which such sewers frequently have to 
carry. These tables have been worked out from the proportional 
values given in Crimp and Bruges' Table III, but in the course of 
their preparation it became apparent that the deshed results can be 
obtained more readily by the use of the formula 

_ Qo-s G»-35 
^^ 0 

where v is the velocity in feet per second, Q the flow in gallons per 
day, and C a coefficient, the value of which will depend on the 
diameter. Table X X X gives the values of C for sewers from 4 
inches to 48 inches in diameter. 
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VELOCITIES IN SEWBBS CAEEYING SMALL FLOWS. 

TABLE XXIII. 
i-in. Sewer. 

Flow. 

Gallons 
per day. 

1,000 
2.000 

3;ooo 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 

Gradient. 

lin 
10. 

1 in 
20. 

1 in 
30. 

1 iu 
40. 

lin 
50. 

lin 
60. 

1 in 
70. 

lin 
80. 

1 in 
90. 

1 in 1 1 in 
100. ' 110. 

1 in 
120. 

Velocity : ft. per second. 

1-63 
203 
2-30 
2-51 
2-69 
2-84 
206 
3-07 
319 
3-29 

1-28 
1-59 
1-80 
1-95 
2-10 
2-21 
2-32 
2-41 
2-50 
2-58 

1-12 
1-38 
1-56 
1-71 
1-82 
1-92 
2-01 
209 
2-17 
2-24 

101 
1-24 
1-41 
1-53 
1-64 
1-74 
1-81 
1-89 
1-96 
2-02 

0-94 
1-16 
1-31 
1-40 
1-52 
1-61 
1-69 
1-75 
1-81 
1-87 

0-88 
109 
1-22 
1-33 
1-42 
1-51 
1-58 
1-64 
1-70 
1-75 

0-84 
1-03 
1-16 
1-27 
1-36 
1-43 
1-50 
1-56 
1-61 
1-66 

0-795 
0-98 
1-11 
1-21 
1-29 
1-36 
1-43 
1-48 
1-54 
1'59 

0-765 
0-945 
1-07 
1-16 
1-24 
1-31 
1-37 
1-43 
1-48 
1-53 

0-73 
0-90 
1-02 
1-14 
119 
1-26 
1-32 
1-37 
1-42 
1-47 

0-71 
0-88 
1-00 
109 

M6 
1-22 
1-28 
1-34 
1-38 
l-dS 

0-69 
0-85 
0-96 
1-05 

M 2 
•J-J 8 
1-24 
1-29 
1-34 
1-38 

TABLE XXIV. 
6-in. Sewer. 

Flow. 

Gallons 
per day. 

2,500 
5,000 
7,500 
10,000 
12,500 
15,000 
17,500 
20,000 
22.500 
25;000 

Gradient. 

lin 
10. 

1 in 
20. 

1 in 
30. 

1 in 
40. 

1 in 
50. 

1 in 
60. 

1 in 
80. 

lin 
100. 

lin 
120. 

lin 
140. 

lin 
160. 

lin 
180. 

Velocity : ft. per second. 

204 
2-53 
2-86 
312 
3-33 
3-53 
3-69 
3-84 
3-98 
4-12 

1-59 
1-99 
2-23 
2-45 
2-62 
2-77 
2-90 
302 
3-12 
3-22 

1-39 
1-62 
1-75 
2-12 
2-27 
2-40 
2-52 
2-63 
2-72 
2-81 

1-26 
1-55 
1-76 
1-92 
205 
2-17 
2-26 
2-36 
2-45 
2-52 

1-17 
1-44 
1-63 
1-78 
1-90 
2-01 
2-10 
2-19 
2-26 
2-33 

1-10 
1-35 
1-52 
1-66 
1-78 
1-88 
1-97 
205 
2-12 
2-19 

0-99 
1-23 
1-38 
1-51 
1-61 
1-70 
1-78 
1-85 
1-92 
1-98 

0-92 
1-13 
1-27 
1-39 
1-49 
1-57 
1-64 
1-71 
1-78 
1-83 

0-86 
1-06 
1-20 
1-31 
1-40 
1-47 
1-54 
1-61 
1-67 
1-72 

0-81 
1-00 
1-13 
1-24 
1-32 
1-39 
1-46 
1-52 
1-67 
1-62 

0-78 
0-96 
1-08 
1-18 
1-26 
1-33 
1-40 
1-45 
1-50 
1-55 

0-76 
0-92 
104 
1-13 
1-21 
1-28 
1-34 
1-40 
1-45 
1-49 

TABLE XXV 
7-in. Sewer. 

Mow. 

Gallons 
per day. 

3,000 
6,000 
9,000 
12,000 
15,000 
18,000 
21,000 
24,000 
27,000 
30,000 

Gradient. 

1 in I 1 in 
10. 20. 

1 in 
40. 

lin 
60. 

lin 
80. 

1 in 
100. 

lin 
120. 

1 in 
140. 

1 in 
160. 

1 in 
180. 

1 in 
200. 

1 in 
220. 

Velocity : ft. per second. 

2-11 
2-60 
2-96 
3-22 
3-43 
3-63 
3-82 
3-98 
4-12 
4-24 

1-65 
2-06 
2-32 
2-53 
2-71 
2-86 
300 
3-12 
3-23 
3-33 

1-30 
1-61 
1-82 
1-99 
2-12 
2-24 
2-35 
2-44 
2-53 
2-61 

1-13 
1-39 
1-59 
1-72 
1-84 
1-95 
203 
2-12 
2-19 
2-27 

103 
1-28 
1-43 
1-55 
1-66 
1-78 
1-84 
1-92 
1-98 
2-04 

0-95 
1-17 
1-32 
1-44 
1-54 
1-63 
1-70 
1-77 
1-83 
1-89 

0-89 
1-10 
1-24 
1-35 
1-44 
1-.53 
1-60 
1-66 
1-72 
1-77 

0-84 
1-04 
1-17 
1-28 
1-37 
1-45 
1-51 
1-57 
1-83 
1-68 

0-81 
0-99 
1-12 
1-22 
1-30 
1-38 
1-44 
1-50 
1-56 
1-61 

0-77 
095 
1-08 
1-17 
1-25 
1-32 
1-39 
1-44 
1-50 
1-54 

0-74 
0-92 
1-04 
1-13 
1-21 
1-28 
1-34 
1-39 
1-44 
1-49 

0-72 
0-89 
1-01 
M O 
1-17 
1-23 
1-29 
1-35 
1-39 
1-44 
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TABLE XXVI. 
8-in. Sewer. 

rio-w. 

Gallons 
per day. 

4,000 
8,000 
12,000 
16,000 
20,000 
24,000 
28,000 
32,000 
36,000 
40,000 

Gradient. 

lin 
20. 

lin 
40. 

lin 
60. 

lin 
80. 

1 in 1 in 
100. 120. 

lin 
140. 

1 in 1 in 
160. 180. 

lin 
200. 

1 in 
225. 

lin 
260. 

Velocity : ft. per second. 

1-76 
2-20 
2-49 
2-70 
2-89 
3-06 
3-21 
3-34 
3-46 
3-57 

1-39 
1-73 
1-96 
2-12 
2-27 
2-40 
2-52 
2-62 
2-72 
2-80 

1-21 
1-50 
1-69 
1-79 
1-97 
2-09 
2-18 
2-27 
2-35 
2-43 

1-10 
1-35 
1-53 
1-67 
1-79 
1-89 
1-97 
2-05 
2-13 
2-20 

1-02 
1-25 
1-41 
1-54 
1-65 
1-74 
1-82 
1-90 
1-97 
2-03 

0-96 
1-17 
1-33 
1-45 
1-55 
1-63 
1-72 
1-78 
1-85 
1-90 

0-90 
1-11 
1-25 
1-37 
1-47 
1-55 
1-62 
1-68 
1-74 
1-80 

0-86 
1-06 
1-20 
1-31 
1-40 
1-48 
1-55 
1-61 
1-67 
1-72 

0-83 
1-02 
1-15 
1-26 
1-34 
1-42 
1-48 
1-54 
1-60 
1-65 

0-795 
0-98 
1-12 
1-21 
1-29 
1-36 
1-43 
1-48 
1-54 
1-69 

0-76 
0-94 
1-06 
1-16 
1-24 
1-31 
1-37 
1-43 
1-48 
1-52 

0-74 
0-91 
1-03 
1-12 
1-20 
1-27 
1-33 
1-38 
1-43 
1-48 

TABLE XXVII. 
9-in. Sewer. 

mow. 

Gallons 
per day. 

5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
60,000 
65,000 
60,000 

Gradient. 

lin 
20. 

lin 
40. 

lin 
60. 

1 in 1 in 1 in 
80. 100. 125. 

1 in 1 in 
150. 175. 

lin 
200. 

lin 
225. 

lin 
250. 

lin 
300. 

Velocity : ft. per second. 

1-86 
2-80 
2-62 
2-84 
3-04 
3-22 
3-37 
3-52 
3-64 
3-75 
3-86 
3-97 

1-46 
1-82 
2-05 
2-24 
2-39 
2-52 
2-64 
2-75 
2-86 
2-94 
3-03 
3-11 

1-28 
1-58 
1-79 
1-94 
2-08 
2-19 
2-30 
2-39 
2-48 
2-58 
2-64 
2-70 

1-15 
1-42 
1-61 
1-75 
1-87 
1-98 
2-07 
2-16 
2-24 
2-31 
2-38 
2-43 

1-07 
1-31 
1-49 
1-63 
1-74 
1-84 
1-92 
2-00 
2-07 
2-18 
2-20 
2-25 

0-99 
1-22 
1-38 
1-50 
1-61 
1-70 
1-78 
1-85 
1-91 
1-97 
2-03 
2-09 

0-93 
1-14 
1-29 
1-41 
1-61 
1-69 
1-66 
1-73 
1-80 
1-86 
1-91 
1-96 

0-88 
1-08 
1-23 
1-33 
1-43 
1-51 
1-58 
1-64 
1-70 
1-75 
1-81 
1-85 

0-84 
1-03 
1-16 
1-27 
1-36 
1-44 
1-50 
1-66 
1-62 
1-67 
1-72 
1-77 

0-80 
0-99 
1-12 
1-22 
1-30 
1-88 
1-44 
1-50 
1-56 
1-61 
1-65 
1-69 

0-77 
0-96 
1-08 
1-18 
1-26 
1-33 
1-39 
1-45 
1-50 
1-65 
1-59 
1-83 

0-73 
0-90 
1-02 
1-11 
1-18 
1-25 
1-31 
1-36 
1-41 
1-46 
1-50 
1-53 

TABLE XXVni. 
10-m. Sewer. 

Tlo-sf. 

GaUons 
per day. 

6,000 
12,000 
18,000 
24,000 
30,000 
36,000 
42,000 
48,000 
54,000 
60,000 
66,000 
72,000 

Gradient. 

1 in 
20. 

lin 
40. 

lin 
60. 

lin 
80. 

lin 
100. 

lin 
126. 

lin 
150. 

lin 
175. 

lin 
200. 

1 in 
250. 

lin 
300. 

lin 
360. 

Velocity : ft. per second. 

1-94 
2-41 
2-73 
2-97 
3-17 
3-35 
3-51 
3-66 
3-79 
3-91 
4-03 
4-13 

1-53 
1-89 
2-13 
2-33 
2-49 
2-63. 
2-75 
2-87 
2-97 
3-07 
3-16 
3-24 

1-33 
1-65 
1-85 
2-03 
2-17 
2-29 
2-39 
2-50 
2-59 
2-66 
2-74 
2-82 

1-20 
1-48 
1-67 
1-83 
1-96 
2-06 
2-17 
2-25 
2-33 
2-41 
2-48 
2-54 

1-11 
1-37 
1-55 
1-69 
1-81 
1-91 
2-02 
2-08 
2-15 
2-22 
2-28 
2-34 

1-03 
1-26 
1-44 
1-56 
1-68 
1-77 
1-86 
1-93 
1-99 
2-06 
2-11 
2-16 

0-97 
1-19 
1-35 
1-47 
1-57 
1-66 
1-74 
1-81 
1-87 
1-92 
1-97 
2-03 

0-92 
1-13 
1-28 
1-39 
1-49 
1-57 
1-66 
1-72 
1-78 
1-83 
1-88 
1-93 

0-88 
1-08 
1-21 
1-33 
1-42 
1-60 
1-67 
1-63 
1-69 
1-74 
1-80 
1-85 

0-81 
1-00 
1-12 
1-23 
1-31 
1-38 
1-45 
1-50 
1-56 
1-61 
1-66 
1-70 

0-76 
0-94 
1-06 
1-15 
1-23 
1-30 
1-36 
1-42 
1-47 
1-51 
1-56 
1-60 

0-72 
0-89 
1-00 
1-10 
1-17 
1-23 
1-29 
1-35 
1-39 
1-43 
1-47 
1-51 
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TABLE XXIX. 

l2-in. Sewer. 

221 

Flow. 

Gallons 
per day. 

10,000 
20,000 
30,000 
40,000 
60,000 
60,000 
70,000 
80,000 
90,000 
100,000 
110,000 
120,000 

Gradient. 

lin 
25. 

2-04 
2-53 
2-88 
3-12 
3-34 
3-54 
3-70 
3-85 
3-99 
4-12 
4-24 
4-34 

lin 
60. 

1-60 
2-00 
2-24 
2-46 
2-62 
2-77 
2-90 
3-03 
8-13 
3-23 
3-32 
3-41 

lin 
75. 

1-39 
1-73 
1-95 
2-13 
2-28 
2-40 
2-52 
2-62 
2-72 
2-81 
2-88 
2-96 

lin 
100. 

1-26 
1-66 
1-78 
1-92 
2-05 
2-17 
2-28 
2-38 
2-45 
2-53 
2-60 
2-66 

1 in 
150. 

lin 
200. 

lin 
250. 

lin 
300. 

Velocity : ft. per second. 

1-10 
1-36 
1-58 
1-67 
1-79 
1-89 
1-98 
206 
2-13 
2-20 
2-26 
2-32 

1-00 
1-23 
1-38 
1-62 
1-62 
1-71 
1-79 
1-86 
1-92 
1-99 
2-04 
2-10 

0-92 
1-13 
1-28 
1-40 
1-49 
1-58 
1-65 
1-71 
1-78 
1-84 
1-89 
1-94 

0-86 
1-08 
1-20 
1-31 
1-40 
1-47 
1-64 
1-61 
1-67 
1-72 
1-76 
1-81 

1 in 
360. 

0-82 
1-01 
1-14 
1-24 
1-33 
1-40 
1-47 
1-53 
1-58 
1-63 
1-88 
1-72 

lin 
400. 

0-78 
0-96 
1-08 
1-19 
1-27 
1-34 
1-40 
1-46 
1-51 
1-66 
1-60 
1-64 

lin 
450. 

0-75 
0-92 
1-04 
1-13 
1-21 
1-28 
1-84 
1-40 
1-45 
1-49 
1-53 
1-57 

lin 
500. 

0-72 
0-89 
1-00 
1-10 
1-17 
1-23 
1-29 
1-34 
1-39 
1-43 
1-47 
1-51 

TABLE XXX. 

Coefficients for Velocities in Sewers. 

or a 4:-inch sewer C = 2-16 
,, 6-ineh , 

,, 7-inch , 

8-inch , 
„ 9-inoh , 

„ 10-inch 
„ 12-inch 

„ 15-ineh 
„ 18-inch 

21-inch 

= 2-28 

= 2-33 
= 2-37 

= 2-41 
= 2-44 

= 2-50 
= 2-58 
= 2:64 

= 2-70 

For a 24-inch sewer C = 2-75 
„ 27-inch 

„ 30-inch 
„ 33-uich 
„ 36-inch 
„ 39-inch 

„ 42-inch 
,, 45-inch 
„ 48-inch 

= 2-80 
= 2-83 
= 2-86 

= 2-90 
= 2-93 
= 2-96 

= 2-99 
= 3-01 

The larger the sewer, the greater is the coefficient, and con
sequently the less the velocity -with a given rate of flow. 

With depths of flow not exceeding one-third the diameter of the 
pipe this formula gives velocities which are correct -within 1 per cent. 
As the depth increases it becomes less accurate, the results given 
•with a sewer haU-fuU being nearly 4 per cent, too high. 

It •wUl be seen from these tables that -with small flows the velocities 
which are usuaUy said to be necessary are often absolutely unobtain
able, for they would necessitate the use of gradients far steeper 
than can be secured. Cases frequently occur in which for one reason 
or another the quantity of sewage to be carried by a sewer is only a 
small proportion of its capacity. Where, for instance, a sewer has 
to carry storm-water as well as sewage it is usual to provide for at 
least twenty or twenty-flve times the dry-weather flow. Even 
where the separate system is used, pro-^sion must generally be made 
for a future increase of population or for a larger consumption of 
water by the present population. It not infrequently happens that 
the smallest pipe which it is considered desirable to use -will carry fifty 
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or a hundred times the dry-weather flow. In such oases, as will be 
seen from the tables, it -will very rarely be possible to obtain a velocity 
of 3, or even 2, feet per second, and in many of them, even -with 
gradients to which no exception could be taken, the velocity -will 
not exceed 1 foot per second. There are few to-wns in this country 
•without some sewers in which the ordinary velocity is less than 1 foot 
per second, but which nevertheless never give the slightest cause for 
anxiety. 

In accordance with the tendency to which I have aheady referred, 
certain minimum gradients are often said to be necessary for sewers 
of given diameters. The gradients required to maintain velocities 
of 2, 2J, and 3 feet per second respectively in sewers running full or 
half-full are shown in Table X X X I . 

TABLE XXXI. 
Gradients Required to Maintain Velocities of 2, 2\, and 3 feet per 

Second. 

Diameter : 

Velocity. 

2 f.s. 
2i f.s. 
3f.s. 

4 in. 

140 
90 
62 

6 in. 

240 
153 
107 

7 in. 

295 
190 
131 

Sin. 

352 
226 
157 

9 in. 10 in. 

Gradient: 

413 
267 
182 

475 
305 
211 

12 in. 

lin 

605 
385 
270 

15 in. 

820 
520 
365 

18 in. 

1035 
670 
460 

21 in. 

1275 
820 
570 

24 in. 

1515 
980 
680 

The foUo-wing are said to be the flattest gradients which are 
regarded by the Ministry of Health as acceptable :— 

For 6-inch sewers 
7-mch ,, 
8-inch 
9-inch 
12-hich 
15-inch 
18-mch ,, 
21-inch ,, 
24-inch 

In justice to the Ministry, it should be added that theh only rule, 
in this matter, as in others, is to consider every case on its merits. 
They, like theh predecessors, the Local Government Board, have 
sanctioned the use of much flatter gradients, but they -wUl only do 
so if it can be shown that such gradients are the best which are 
reasonably obtainable. This is a question which -will often call for 
very careful consideration. 

There is a -widespread prejudice against the use of flat gradients 
which is largely due to a failure to appreciate the facts. Many a flat 
sewer has undoubtedly choked, and the gradient lias had to bear 

. 1 in 

. Im 

. 1 in 

. Im 

. 1 in 

. 1 m 

. 1 in 
1 in 

. 1 in 

180 
220 
260 
305 
445 
600 
760 
940 
1100 
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the blame. In the majority of such cases, if the truth were kno-wn, 
the trouble has been due, not to any lack of fall, but to the careless 
way in which the pipes have been laid. Chokages have also taken 
place in steeper sewers, and U every gradient at which, a sewer or 
chain has ever choked is regarded as inadmissible, the design of a 
self-cleansing system of sewers would be well-nigh impossible. 

In order to avoid the need for laying sewers at flat gradients, 
money is often wasted either in steepening the gradients, involving 
in many cases very deep sewers in water-logged ground, or in putting 
in pumping plants which are not actually necessary. It is too often 
forgotten that pumping does not do away •with the evil which it is 
sought to avoid, but merely reproduces it in an aggravated form. 
For the danger with a flat sewer is not chokage—a properly laid 
sewer at a reasonable gradient -will never choke—^but the formation 
of deposits which m a y become septic. Every pumping scheme, 
however, involves a rising main ; and a rishig main of any length is 
nothing more nor less than a sewer of deposit, for the sewage is 
absolutely stagnant in it for hours at a time, whereas in a gravitation 
sewer, however flat its gradient, the sewage is always in motion. 
If therefore any sohds are deposited in a sewer, they are constantly 
washed by a stream of fresh sewage. But the deposits which form 
in a rishig main are immersed for long periods in stagnant and often 
septic sewage. The detention of stagnant sewage in a rising main 
is a frequent cause of nuisance. ' 

Pumping machinery moreover is Uable to go -wrong. With a well-
designed plant, properly looked after, the risk of breakdown is not 
serious, but it is at least as great as that of chokage in the case of a 
weU-laid sewer at a flat gradient. If there is any doubt about the 
self-cleansing properties of a sewer, it can always be flushed, and 
the flushing tank can in case of need be so arranged as to give a 
hydrauhc gradient steeper than that of the invert of the sewer. 

W h U e every care should be taken to obtain the best gradients 
which are reasonably procurable, an engineer is not justified in 
incurring the cost of pumping -without first satisfying himself that 
gravitation sewers cannot be made seU-cleansing. Whether or not 
a sewer is self-cleansing is not a question of opinion, but one of fact, 
and instances might be multiphed in which sewers laid at gradients 
which would hardly be considered respectable are giving perfectly 
satisfactory results. Many engineers probably would hesitate to 
lay a 12-mch sewer at a gradient of 1 in 600, yet the Martock sewer 
referred to on p. 218 kept itself clear even with the severely restricted 
water supply due to a prolonged drought. 

Shenton laid during the war 4J miles of 9-inch cast-iron sewer at 
a gradient of 1 in 600. This sewer was in use for four years, during 
which no stoppage ever occurred. 

At Wisbech there are 9-inch sewers at gradients as flat as 1 in 
800. They are flushed twice a year, and in most of the manholes 
there are catchpits from 6 to 12 inches deep which are emptied 
about once a month. 
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Similar cases might be cited from every part of the globe. 
In 1920, on m y way to GuayaquU (Ecuador), which Ues -within 

three degrees of the Equator, I had to wait in Colon for two or three 
days for a boat to take m e through the Panama Canal. It occurred 
to m e that in the high temperatures which are met -with in the tropics 
it might be deshable to use higher velocities in the sewers than are 
customary in England. Colon is quite flat, and I asked the City 
Engineer what gradients he adopted for his sewers. I was sur
prised to hear that he laid 6-inch sewers at gradients as flat as 1 in 
333. One of these sewers had once choked, and he took out of it a 
couple of overalls and a shht. The gradient could hardly be blamed 
for the blockage. 

At Christchurch, N e w Zealand, 15-incli sewers at 1 in 960, 12-hich 
at 1 in 860, 9-inch at 1 in 600, and 6-inch at 1 in 400 are working 
" with complete efficiency." 
Metcalf and Eddy, in theh " American Sewerage Practice," 

quote the opinions and experience of half-a-dozen leading American 
engineers, nearly all of w h o m have obtained satisfactory results 
-with gradients much flatter than those which are commonly said to 
be necessary. They give a table sho-wing the flattest gradients in 
use in five cities in Cahfornia. At Stockton 6-inch sewers, laid at a 
gradient of 1 in 500, 8-hich at 1 hi 700,10-inch at 1 in 720 and 12-inch 
at 1 in 1000 have been in use for twenty-five years -without gi-ving 
any trouble. At Fresno, with flatter gradients (1 in 667 for 6-hicli 
pipes, and I in 1000 for 8-inch, lO-inch and 12-inch pipes) some 
deposits have " once in a great while " occurred. 

The severest test of the self-cleansing power of a sewer occurs 
when it is first brought into use and receives only a small part of 
the flow which it is designed to carry. This is now the case at 
GuayaquU, where the present population is less than one-half of 
that which the sewers were designed to serve ; the consumption of 
water is small; and only a part of the city is as yet connected to the 
sewers. The velocity in the 60-inch outfall sewer, which is laid at a 
gradient of 1 in 5000, was recently measured -with a current meter 
on three successive occasions and found to be 0-89, 0-85, and 0-77 
foot per second respectively. Higher up, where the diameter is 
30 inches and the gradient 1 in 1400, the velocity was only 0-73 foot 
per second. N o means of hushing have yet been provided, but, 
except at the lower end of the sewer, which is tide-locked, no 
deposits are found, and the sewage is always discharged in a 
fresh condition. 

While it has been proved beyond all question that sewers m a y 
safely be laid at flatter gradients than are usuaUy considered 
necessary, there is no need to fly from one extreme to the other. It 
is well, however, to look facts in the face. Either the conventional 
velocities for sewers and drains are necessary, or they are not. If 
they are necessary, we shall have to lay many of our sewers and 
drains at much steeper gradients than we have hitherto done. If, 
on the other hand, they are not necessary, then let us at least be 
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honest with ourselves and give up pretending that they are. In any 
case every effort should be made to secure the best gradients which 
are reasonably obtainable, and whether the gradient is flat or steep 
the greatest care should be taken to obtain a true invert and an 
unobstructed sewer. 

It is important to remember that it is not the gradient of the invert 
which determines the velocity of flow, but that of the surface of 
the sewage. In small sewers the invert and surface gradients -will 
usuaUy be so nearly the same that the difference may be ignored, 
but in large sewers, especially U they are laid at flat gradients, serious 
errors may result from a faUure to take it into account. 

Oval Sewers. Where, as usually happens -with the combined 

FIG. 34.—CKOSS-SBCTION OI- OVAL SEWER. 

system, there are great variations in the flow, and the dry-weather 
flow is too smaU to give a seU-cleansing velocity in a chcular 
sewer, an oval sewer is often used instead. Fig. 34 shows the 
standard cross section for such a sewer. 
The advantage of an oval sewer is that, when the quantity of, 

sewage is small, it flows in a narrower and deeper stream than in a 
chcular sewer of the same capacity. If therefore the gradient were 
the same in both cases, the velocity in the oval sewer would be some
what higher than hi the' other. In practice, however, it is not always 
possible to lay an oval sewer at the same gradient as could Be 
obtained -with a chcular sewer, for the greater depth of its cross-
section -will often involve a corresponding reduction in the avaUable 
f aU, and a consequent flattening of the gradient, -with the result that 
the velocity at all states of the flow -wiU be actually less than that hi 
a chcular sewer. 

Q 
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Thus at GuayaquU it was requhed to carry the sewage from a 
prospective population of 250,000, consuming 200 Utres of water 
per head per day, to a distance of 5763 metres (18,908 feet). The 
total fall from the flow line at the upper end of the sewer to the 
water level at the outfall was 2-677 metres (8-783 feet). The 
average dry-weather flow was 1223 cubic feet per minute, and to 
aUow for the hourly variations and for contingencies it was decided 
to lay a sewer capable of carrying twice this quantity, or 2446 cubic 
feet per minute. With a 60-inch circular sewer the fall avaUable, 
after subtracting its diameter, was 1-153 metres (3-783 feet), gi-sdng a 
gradient of 1 in 5000, and carrying capacities and velocities as 
under :— 
Depth of flow. Capacity. Velocity. 

60 inches 2397 c.f.m. 122 f.m. 
56-4 „ 2579 „ (Max.) 134-5 „ 
50-4 „ 2446 „ 139 „ (Max.) 

The population at the time was only 88,172, and the consumption 
of water about 40 litres per head per day, giving a dry-weather flow 
of 86-25 c.f.m. This is only 0-036 times the carrying capacity of 
the sewer when running full, and would flU the sewer to a depth 
of 7-8 inches, gi-ving a velocity of 57-7 feet per minute (0-96 f.s.). 
It seemed reasonable to expect that this velocity might be improved 
by the use of an oval sewer. 

The standard cross-section of an oval sewer equivalent to a 60-inch 
circular sewer is 60 inches by 75 hiches, and when running full at a 
gradient of 1 in 5000 it would carry 2378 c.f.m. -with a velocity of 
119-5 f.m. The level of the sewage at the higher end would of course 
have had to be the same as in the chcular sewer, but, o-wing to the 
greater depth of the cross-section of the oval sewer, its invert would 
have had to be lowered by 15 inches (0-381M), reducing the fall in 
the whole length to 0-772M and flattening the gradient to 1 in 7465. 
This would have reduced the carrying capacity, necessitating the 
use of a larger sewer, and involving a further loss of fall, and con
sequently an even flatter gradient. Further examination showed 
that it was impossible -with the fall available to construct an oval 
sewer capable of carrying the requisite flow ; and even if it had been 
possible to do so, the change from a chcular to an oval cross-section 
would not have resulted in any improvement in the velocity. If, 
for instance, a 50-inch by 75-inch sewer at a gradient of 1 in 7465 
had been used, the velocity in it when running fuU would have been 
only 97-4 feet per minute. The proportional velocity when carrying 
86-25 c.f.m. would have been 0-55 of this, or 53-6 f.m., as against 
67-7 f.m. -with the chcular sewer. 

Steep Gradients. It is often said that the velocity of flow in a 
sewer should not be more than say 6 feet per second, and on steep 
slopes, in order that this velocity m ay not be exceeded, the sewers 
are sometimes laid at flat gradients -with a drop at every manhole. 
This involves a great deal of additional expense, which is in most 
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cases quite unnecessary. Thus, the velocity in a 9-inch sewer 
running full at a gradient of 1 in 10 would be about 12-8 feet per 
second, which many would regard as excessive. But if the sewer 
in question carried the sewage from 1080 people at 20 gallons per 
head per day, or 2-4 cubic feet per minute, the depth of flow in it 
would be only about half an inch, and the velocity about 3-7 feet 
per second. There is no justification for spending money in order to 
reduce the velocity in a sewer below 3-7 feet per second. 

Moore and Silcock, in the Thhd Edition of their " Sanitary 
Engineering " say that " Sewers and drains are constantly now laid 
at far steeper gradients than the limit of velocity of 6 feet per second 
would allow, -without producing damage to the fabric of the sewer, 
and for drains and small sewers this element need not be taken into 
consideration." 

Steep gradients are sometimes objected to on the ground that the 
depth of the sewage may be so small that the solids -will ground on 
the invert of the pipe and obstruct the flow. This danger is purely 
imaginary, for unless the sewer is far too large for its work, the depth 
of the sewage at the hours of maximum flow -wUl be sufficient to 
carry on any deposits which may form when the flow is least. The 
risk of obstruction in a steep 4-inch or 6-inch sewer is moreover 
neghgible, for if a lump of faeces should lodge in the pipe, which is 
not likely to happen -with a moderately high velocity, the sewage -will 
at once head up behind it and carry it on. 
A sewer at Bridgnorth has been running for eighty years or more 

at a gradient of 1 in 2-4, and has never given any trouble. There 
are others almost as steep at Torquay. 
In this matter, as in others pertaining to sewers, it is necessary? 

to preserve a sense of proportion. 
It often happens that a flat length of sewer is followed by a much 

steeper one. In such a case the size of the pipe on the steeper 
gradient should usually be reduced, for there is no need to waste 
money in making a sewer larger than is required to carry the 
flow. This point is sometimes overlooked. 

Siphons. A part of a sewer has sometimes to be laid below its 
general level in order to cross a valley or pass under a canal or a 
raUway. The length of pipe so depressed is termed a " siphon." 
A siphon is actually a pipe in which the pressure of the atmosphere 
is utUised to cause water to flow above the level of the hydrauhc 
gradient, but true siphons are not used on sewers, and in this 
connection the word " siphon " is always understood to mean an 
inverted siphon. 
The diameter of the siphon should be less than that of the sewer 

above it, for it -wUl always run full, and if it were as large as the 
sewer, the velocity through it would be so low that deposits would 
be bound to take place. The smaller pipe -wUl requhe a steeper 
hydrauhc gradient than that part of the sewer which runs free, and 
sufficient fall must be allowed to generate and maintain the necessary 
velocity. For it should not be forgotten that the gradient of a sewer 



228 DRAINAGE AND SEWERAGE 

does not produce the tabled velocity : it merely maintains it. To 
generate that velocity a certain amount of fall is necessary over and 
above that which maintains the flow in the sewer. In the case of low 
velocities the head requhed to produce them is smaU, and m a y be 
disregarded; but if the velocity is considerable, serious errors m a y 
result from the omission to take it into account. Thus a gradient 
of 1 in 10 •wUl maintain in a 9-inch sewer a flow at a rate of 12-8 feet 
per second, but it would be a mistake to suppose that the sewage in 
a 9-inch sewer 100 feet long -with a fall of 10 feet would necessarily 
flow at that velocity. The velocity must first be generated, and the 
head which is expended in producing it -will reduce by so much the 
fall which is available for maintaining the velocity in the sewer. 

In the absence of frictional or other losses, water issuing from an 
orffice under a given head would attain the same velocity as a body 
falhng freely thi-ough the same height, which is given by the formula 
V = •v'2grs ; but in practice the velocity is less, depending upon the 
form of the orffice. In the case of an orffice in a thin plate the 
coefficient is 0-6 : that is to say, the velocity •with which water 
would issue under a head h woiUd be Q-Q\/2gh. The coefficient for 
a pipe leaving a manhole would be difficult to determine, but it is 
probably in the neighbourhood of 0-8. Adopting this value, the 
theoretical and actual head required to produce a given velocity 
would be as given in Table X X X I I . 

TABLE XXXII. 

Head Required for Velocity. 

Velocity (feet 
per second): 

Head in feet. 
Theoretical. 
Actual 

1. 

0-0155 
0-242 

2. 

0-062 
0-097 

3. 

0-140 
0-218 

4. 

0-248 
0-388 

5. 

0-388 
0-607 

6. 

0-559 
0-878 

7. 

0-761 
1-19 

8. 

0-994 
1-563 

9. 

1-26 
1-97 

10. 

1-65 
2-48 

11. 

1-88 
2-94 

12. 

2-24 
3-49 

Fia. 35.—SIPHON UNDER CANAI. 
HftTCHBOX, 

Where therefore the size of a sewer is reduced, either by reason of 
a steepening of the gradient or in the case of a siphon, sufficient 
fall must be allowed where the reduction takes place to generate the 
velocity requhed in the smaller pipe. Thus the soffit of a 9-inch 
sewer at 1 in 10, foUowing a larger sewer, should be 4 feet below 
that of the latter, and similarly in the case of a siphon. 
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Fig. 35 shows a siphon under a canal on the line of a 24-hich sewer 
at a gradient of 1 in 800, carrying (when running fuU) 521 cubic feet 
per minute. The length of the siphon is 100 feet, and a faU of 1^ feet 
is avaUable for it. To ensure a seU-cleansing velocity the diameter 
of the depressed portion of the sewer should be reduced to 12 inches, 
requiring a hydrauhc gradient of 1 in 20 and a fall of 5 feet. The 
velocity through the siphon when the sewer above it is running fuU 
"wUl be about 11 feet per second, to generate which a head of about 
3 feet -wUl be requhed, or somewhat less if the upper end of the pipe 
is bell-mouthed. Of this the theoretical head due to the velocity 
(about 2 feet) m a y U necessary be regained at the lower end of the 
siphon. 

A siphon should, U possible, have a continuous fall to the lower 
end, for if the lowest part of it were under the canal, deposits would 
be hable to form there which it would be difficult to remove. 



CHAPTER XXII 

CONSTKUCTION OF SE"WEBS 

Materials. Small sewers in this country are generally laid with 
glazed stoneware socket pipes, jointed in cement mortar, as described 
in Chapter X I X (p. 195). 

For sewers 15 inches in diameter and over, concrete tubes are 
often employed, and in many foreign countries they are also used in 
smaUer sizes. The concrete may either be tamped by hand into the 
moulds, or the tubes may be cast centrUugally. Large concrete 
pipes are often strengthened by a reinforcement of steel. Concrete 
tubes were originally made with ogee joints formed in the 
thickness of the pipe, but these give little room for the jointing 
material, and the tubes are generally made -with spigots and sockets 
like those of stoneware pipes. 

Large sewers, 24 inches in diameter and over, are usually con
structed in situ. They were formerly built of brick in cement 
mortar, but are now usually of concrete, which is often reinforced. 

FIG. 36.—OGEE JOINT. 

Certain of the manufacturing wastes which find their way into 
sewers exert a chemical action on concrete, which sooner or later 
causes it to disintegrate. It is said that ciment fondu, the chief 
constituent of which is the mono-calcic aluminate, AljOgCaO, is 
more resistant than Portland cement to practicaUy every known 
substance which attacks ordinary concrete, and entirely immune 
to many of the causes of disintegration which are more commonly 
met -wi-th. 

Concrete sewers are sometimes lined -with a ring of blue brick in 
cement mortar, and where this is not done the invert only is fre
quently formed in brickwork or with moulded stoneware blocks. 

Large sewers are often laid -with cast-hon or steel tubes. 
Cast-hon pipes for sewers are similar to those used for water 
mains, but unless they are subject to heavy traffic or a high internal 
pressure, they need not be so hea-vy. The British Standard Speci
fication for cast-hon pipes gives four classes. A, B, C, and D, of 
which A (the lightest) is described as for gas, and B, C, and D as for 
water and sewage. Sewers, however, are not as a rule worked under 
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pressure, so there is no reason why a pipe which is strong enough to 
carry gas cannot equally well be used for sewage. 

Jointing. The joints of pipe sewers were formerly made with 
clay, and in Bald-win Latham's " Sanitary Engineering " (1873) 
the use of this material is recommended. Bailey Denton, however, 
in his lectures given at the School of MUitary Engineering at Chatham 
a year or two later, expressed the opinion that clay, though possibly 
suitable where the chcumstances are favourable, cannot always be 
depended on. Often too the upper parts of the joints of a sewer 
were left open in order that it might drain the ground. It is now 
recognised that all sewers and drains should be water-tight. 

In the laying, jointing, and testing of sewers the same precautions 
should be observed as in the case of house drains (see pp. 195-198). 
W h e n stoneware pipes are laid in wet ground, special joints 

(pp. 196, 197) •wUl usuaUy be deshable, and it the ground is very wet 
or unstable, it -will be safer to use iron pipes. Sewers in mining areas 

FIG. 37.—CONCRETE BEDDING AND CASING FOR SEWER. 

should be laid •with hon pipes with flexible joints, as described on 
p. 178. These joints are also convenient for use on sea outfall 
pipes. 

Concrete Bedding and Casing. Where the bottom of the trench is 
soft, the pipes should be laid on a bed of concrete, which should be 
carried up to their centres (Fig. 37). A shaUow sewer in a road is 
liable to be dislocated by the traffic, so should therefore be protected 
by a complete casing of concrete, as sho-wn by the dotted line in the 
drawing. 

Pipes should never be laid direct on rock, as they would merely 
bear on a number of points, the pressure on which would be liable 
to fracture them when the trench is filled. In such cases the bottom 
should always be cut a few inches below the pipes and filled in -with 
sand or concrete, on which they will have a uniform bearing. Care 
should also be taken to remove any stones which there may be in the 
bottom of the trench. 

The present normal requhements of the Ministry of Health as 
regards concrete protection for sewers -will be found on p. 213. 

Where a stoneware pipe or concrete tube would have to be encased 
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in concrete, it -will usuaUy be cheaper and equally satisfactory to 
use cast-iron pipes. If, however, there are many junctions on the 
sewer, stoneware pipes, cased in concrete, may be less expensive. 

Headings. Sewers of moderate depth are generally laid in open 
trenches, but when they are deep the contractor -will generally 
wish to reduce the amount of excavation by driving headings. 
If this is permitted, skilled men should be employed both to drive 
the headings and to refill them after the pipes have been laid. The 
filling must be very carefully done and closely super-vised, or cavities 
•will be left, which •will result sooner or later in sinkages in the ground. 

Timbering. Unless the ground is unusually firm, the sides of the 
trenches or headings and the roofs of the latter will have to be 
supported by timbering, and if the ground is very unstable, the 
trenches m a y have to be close-timbered for their full depth. In 
running sand it •will usually be necessary to drive sheet piling, either 
of timber or steel, some feet below the bottom of the trench. If 
there are any buUdings near by, special care must be taken to support 
the sides of the trenches, and it •will often be •wise to leave the timber 
in. Timber or sheet pUing left in the ground by order of the 
Engineer is always paid for. It m a y also be necessary to shore the 
buildings themselves. 

Buildings near the line of a sewer should always be carefully 
inspected before the work is begun, any existing cracks being noted 
and, if possible, photographed, for damage done, or alleged to be 
done, to such buildings is a fruitful source of claims. Such damage 
m a y be caused either by the falling in of the sides of a trench or by 
subsidence due to the withdrawal of water, or even sand, by pumping. 
The deep excavations and pumping in the vicinity of St. Paul's 
Cathedral, and the consequent lowering of the level of the water in 
the subsoil, have given rise to grave anxiety -with regard to the 
stabihty of the fabric. 

Pumping. Where sewers have to be laid in wet ground, the water 
•wUl have to be kept do-wn while the joints are being made, and until 
they have had time to set. This m a y sometimes be done by means 
of open-jointed pipes laid beside the sewer just low enough to drain 
the joint-holes ; but it -wUl often be necessary to resort to pumping. 
If so, pumps of adequate power must be used. Contractors frequently 
under-estimate the amount of water to be dealt -with, and put 
themselves to a great deal of unnecessary expense by trying to keep 
it down -with inefficient or unreliable pumps. 

In sandy ground care must be taken not to undermine the sewer 
by pumping the sand away from under it; and if the water which is 
pumped from the trench is allowed to run do-wn the sewer, any m u d 
or grit which it m a y contain should first be allowed to settle. 

FUling Trenches and Reinstatement of Surfaces. In filling the 
trenches the greatest care should be taken not to disturb the pipes, 
which should first be covered to a depth of at least 6 hiches with fine 
selected material, well trodden in. The trench should then be filled 
in layers not more than 6 inches deep, each of which should be 
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thoroughly consohdated before any more earth is put in. Two 
men should be employed hi ramming for each man filhng the 
trench. Mechanical punners are sometimes used, but the first few 
feet of the filling should always be consolidated by hand. If the 
ramming is properly done, the whole of the excavated material, 
-with the exception of the small quantity displaced by the pipe, 
should be returned to the trench. 
The reinstatement of road surfaces after the laying of sewers 

is often an expensive matter, particularly in the case of asphalt or 
woodblock paving laid on concrete. It is rarely possible to reinstate 
such a surface immediately after the trench has been filled, and it is 
usual to put in a temporary surfacing and to defer the permanent 
reinstatement untU after the fUhng has had time to consolidate. 
The restoration of road surfaces is frequently the subject of disputes, 
and it is deshable, U possible, to arrange -with the Road Authority to 
do the work. Some County Councils indeed insist on the reinstate
ment of their roads being left to them. Whether or not this is done, 
it should always be specffied that the surfaces of all roads must be 
reinstated to the satisfaction of the Road Authority, and certificates 
to this effect should be called for before the final certiflcate is issued. 



CHAPTER XXIII 

M A N H O L E S : FLUSHING : -VENTILATION, ETC. 

Manholes. In former days sewers were often laid in graceful curves, 
•with few manholes or none, and no plans of them were kept, -with the 
result that it was often very difficult to find them. Sewers nowadays 
are always laid in straight lines and at even gradients, -with manholes 
at all junctions and changes of direction or gradient (Fig. 38), and 
at regular intervals on long straight lengths of sewer. 

The lower half of the sewer should be continued through the 
manhole by a stoneware channel, or the bottom of the manhole 
should be formed in concrete to the cross-section of the pipe, and 
the sides of the channel should be carried up a couple of inches above 
the soffit of the outgoing pipe, so that when the latter is running 
full the sewage may not overflow the benchings. Where branch 
sewers come into manholes the junctions should be curved down
stream. In order that the branch sewers may not be gorged, theh 
soffits should not be lo-wer than those of the outgoing sewers, or, if 
fall is scanty, the centres of the pipes may be at the same level. In 
the absence of branches, if the incoming pipe is smaller than the out
going sewer, the inverts of both may usually be at the same level, 
for, unless the gradient of the outgoing sewer is much flatter than 
that of the other, the depth of the sewage in it will always be less 
than that in the smaller pipe. 

Where a branch sewer enters a manhole more than a foot or two 
above the main, the sewage should not be allowed to drop in the 
manhole, but should be brought into it through a " tumbling bay," 
or pipe carried down from the branch sewer to the bottom of the 
manhole, the branch itself being continued into the manhole for 
convenience of inspection. If the drop is only a few feet, the 
downpipe may be laid at an angle of 45°, but if it ?'s more, it -will 
be cheaper to make it vertical. A 6-hich downpipe will carry the 
flow from a sewer much larger than itself. 

Manholes may be buUt either in brickwork or mass concrete or 
-with precast concrete tubes, and should be fltted with step-irons. 
The manhole covers and frames should be of stout cast steel, and 
should be so formed that the covers do not rock under traffic. 
As regards the intervals which should be aUowed between man

holes, there is a wide difference of opinion. The Ministry of Health 
suggest that they should be placed at distances not exceeding about 
120 yards apart. This may be desirable in the case of smaU sewers, 
but on large ones, which are not liable to choke, there is obviously 
no need for so close a spacing. 
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At Worcester, Mass., Eddy has increased the distances between 
his manholes to as much as 1000 or 1200 feet without any dis
advantage, and in theh book on " Sewerage and Sewage Disposal " 
(1922) Metcalf and Eddy express the opinion that " the substantial 
increase in cost of manholes, now nearly treble the pre-war cost, 
•will lead to further examples of this sort." 
Manholes are certainly expensive and they add considerably to 

the cost of a small sewerage scheme. In view of the present 
urgent need for economy, Shenton has suggested that, where a 
parish cannot afford to pay for manholes, they might be dispensed 
•with, or omitted for the time and added later if they are found to 
be necessary. This is a revolutionary proposal, but it is worth 
considering. A manhole is vhtually an insurance against the need 
for digging dô wn to the sewer in case of chokage. A well-laid 
sewer •wUl rarely, if ever, choke, so the premium represented by 
the cost of manholes •will usually be out of all proportion to the 
risk. Few engineers probably would care to dispense -with manholes 
altogether, but U a community is too poor to pay for them, it is 
undoubtedly better that it should have sewers without manholes 
than that it should have to go without sewers altogether. In such 
a case a manhole should be placed at every important junction, and 
the positions of all changes of dhection should be marked. For 
this purpose lampholes might usefully be employed. 
At Memphis, Tennessee, -with a population of 40,000, which was 

sewered by the late Colonel G. E. Waring in 1879, there is not a 
single manhole or lamphole on the whole system of sewers. 
Lampholes. A lamphole is a vertical shaft, usuaUy 6 inches or 

9 inches in diameter, carried up from the top of the sewer to the 
ground level. It is so caUed because a lamp can be dropped do-wn 
it and be seen from the adjoining manholes. It ends in an hon or 
steel cover, which should always be carried by a slab of concrete, 
clear of the pipe, so that the weight of the traffic may not come on 
to the latter. 
A lamphole, whUe faciUtating inspection, does not give access to 

the sewer, and they are now seldom used. They are not accepted by 
the Ministry of Health as a substitute for manholes. If, however, 
manholes are to be omitted in certain cases, lampholes might well 
be used in theh place. 
Junctions. Junctions should be provided for all existing houses 

or proposed houses of which the positions are definitely kno^wn, but 
it is not deshable to put in junctions on the mere chance that they 
may be requhed hereafter, for unused junctions are a frequent 
cause of leakage. If the junctions are not requhed immediately, 
the ends should be stopped, preferably by means of stoneware 
caps which may be chipped off when necessary. The positions of 
all junctions should be recorded in a book kept for the purpose and 
marked if possible on the kerb or on a waU. The branches should 
enter at the side of the main, not on the top, and at an angle of 45° 
with the axis of the sewer. Other̂ wise the flow from the branch 





IBy Courtesy of Messrs. Bowes, Scott & Western, Ltd., 

Fia. 39.—ROGERS FIELD'S ANNTJLAR SIPHON. 

[Facing p. 237. 
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•will cause eddies and possibly deposits in the main, and any scrubbing-
brushes or similar articles coming down the branch •will be liable to 
lodge across the main and cause a chokage. 

Where a drain has to be connected with an existing sewer and a 
junction has not been provided, a hole should be cut in the sewer 
and a proper saddle piece put on and cased in concrete. A U connec
tions should be made by the Surveyor to the Local Authority or the 
Sanitary Inspector, or under the super̂ vision of one of them. 

If the sewer is very deep and there are many houses to be con
nected, it •wUl generaUy be more convenient to lay a small shallow 
sewer over it than to carry do-wn a separate connection from every 
house. Other things being equal, it is better that every house 
should have its own connection -with the sewer, but cases wUl often 
occur in which it -wUl be more economical to bring the drains from 
two or more houses together and connect them -with the main at a 
single point. 

Hushing. Where there is any doubt that a sewer will be self-
cleansing, means for flushing it should be pro-sdded. It was formerly 
customary to put penstocks or valves in some of the manholes, by 
means of which the sewage might be headed up in the sewer and 
suddenly released. This is very undeshable, for the stagnant 
sewage is hable to form deposits hi the sewer above the penstock. 
Where sewage is to be employed for flushing, it should be stored in a 
tank into which the sewers which feed it should always have a free 
discharge. If clean water is used, the pipe from the water main 
should never be laid into the flushing tank, or ah from the tank 
would be dra-wn into the water main whenever for any reason the 
latter is emptied. The service pipe should therefore end in a chamber 
trapped off from the tank. 

The capacity of the flushing tank •will depend on the size and 
gradient of the sewer, but •will ordinarily be as follows :— 
For a 6-inch sewer from 100 to 200 gallons 

9-hich „ „ 250 to 500 „ JJ 3) 

, 12-hich „ „ 400 to 800 
;,15-hich „ „ 600 to 1200 
,,18-inoh „ „ 900 to 1800 

and so on. The flush is usually discharged automatically by means 

of a siphon. , - , , . , 
Fig. 39 shows Rogers Fields annular siphon, which consists of 

two tubes, an outer and an inner, the latter extendhig through the 
floor of the tank and just dipping into a water-seal below. As the 
tank fills, the water rises in the outer tube, displacing the ah, which 
passes down through the inner tube and out through the trap at the 
foot. As soon as the water rises to the top of the inner tube it 
trickles over a lip, which is so formed that the drops of water fall 
freely do-wn the tube clear of the sides. In so doing they carry -with 



38 DRAINAGE AND SEWERAGE 

them a little ah, thus forming a partial vacuum, which presently 
draws the water over the Up, bringing the siphon into full action. 

Adams' siphon (Fig. 40) works on a different principle. N o 
vacuum is formed in the siphon, but the air in it is compressed, being 
confined between the water in the dome, or outer tube, and that in 
the deep U-trap underneath. The difference between the levels of 
the water inside and outside the dome is always equal to that 
between the levels of the water in the two legs of the trap. ̂  As the 
water in the tank rises over the dome, the pressure of the ah inside 
the latter increases, and the level of the water in the descending 
leg of the trap is forced do-wn until it reaches the bottom of the seal. 

IBy Courtesy of Adams-Hydraulics, Ltd 

FIG. 40.—ADAMS' SIPHON. 

W h e n this point is reached ah begins to pass through the trap, 
and the bubbles, as they rise hi the ascending leg, reduce the weight 
of the column of water therein, with a consequent reduction 
in the pressure on the imprisoned air. The latter thereupon 
expands, and more ah is forced through the trap, -with a further 
lightening of the column of water, and a stUl further reduction in the 
pressure. As the pressure falls the water rises under the dome until 
it reaches the top of the inner tube, do-wn which it rushes, blo-wing out 
the remaining ah and releasing the contents of the tank. A number 
of simUar siphons are on the market. A good siphon -will work -with 
a drop-by-drop supply, so that a large sewer can be flushed with a 
very smaU expenditure of water. 

The force of a flush diminishes as it travels down the sewer. It 
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is sometimes said that a flush is not effective for more than a few 
hundred yards, but at Wymondham, Norfolk, 3000 yards of 12-inch 
sewer at a gradient of 1 in 560 are kept clean by a single 2000-gallon 
flushing tank. 

For small sewers or drains automatic tipping tanks may be used. 
Flushing manholes are sometimes placed at the heads of flat branch 
sewers, fitted with valves to be opened by hand. Some engineers, 
however, prefer to flush theh sewers from a large water-
cart. 

VentUation. The question of the ventilation of sewers and drains 
has given rise to a great deal of controversy. It was formerly 
supposed that dangerous gases were generated in sewers, and 
elaborate precautions were taken to prevent them from gaining 
access to the house. The bogey of " sewer gas " has long since been 
exploded, and it has been sho-wn that the air in an ordinary self-
cleansing sewer differs little, if at all, from that in the street. If, 
however, the sewer is not self-cleansing and the sewage remains 
stagnant in it for long periods, deposits -will form and decompose, 
gi-ving off such gases as carbonic acid (COg), marsh gas (CH4)j 
ammonia (NHg), and sometimes sulphuretted hydrogen (H2S)-
Sulphuretted hydrogen, even in very small quantities, is a deadly 
poison, and the ah in a choked sewer in Paris was found to contain 
nearly 3 per cent, of this gas. 

In manufacturing to-wns, where trade effluents are admitted to the 
sewers, the sewage m a y contain chemicals which -will react -with 
one another to form poisonous gases. M en have been killed in the 
Manchester sewers by the gases so generated. Coal gas from leaky 
gas mains sometimes finds its way into the sewers. Another source 
of danger, of increasing frequency nowadays, is the petrol which is 
discharged from garages. If the sewers are not well ventilated, 
explosions are hable to occur. 

In July 1933 the H o m e Office and the Mhiistry of Health appointed 
a Committee " to investigate and advise on the precautions necessary 
for the safety of persons entering sewers and sewage tanks, and the 
deshabUity of issuing a pamphlet on the subject or taking other 
steps towards securing that the necessary precautions are observed." 
The Committee have now issued their report, in which they recom
mend, inter alia, that 
"Before a man enters a sewer or tank it should be ventilated; 

in the case of a sewer by the removal for a period of at least half-an-
hour of the covers of the manhole by which the man is to enter and the 
manhole next on either side. Then the following tests should always 
be made : (i) For sulphuretted hydrogen by exposing moistened 
lead acetate paper for five minutes. So long as this gas is present, 
the sewer or tank should on no account be entered without special 
breathing apparatus, (ii) For asphyxiating conditions by a safety 
lamp. The lamp should b u m continuously for at least five minutes 
before the sewer or tank is entered, (iii) For inflammable gases by a 
suitable detector lamp." 
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They consider that every travelling sewer gang should carry a 
rescue kit. 

Some of the London boroughs have drawn up elaborate regulations 
for guarding against accidents in theh sewers. Those of the 
boroughs of Kensington and CamberweU are reprinted in The 
Surveyor of 8th March, 1935. In Kensington sewer practice driUs 
are periodicaUy carried out. 

Apart from the various impurities which m a y be present in sewer 
air, grossly exaggerated fears were formerly prevalent of the bacteria 
which it was supposed to contain. It was seriously believed that 
diseases such as enteric fever, or even diphtheria, might be spread 
by bacteria passing from one house to another by way of the sewer. 
These fears have now been sho-wn to be groundless. 
W h U e the need for ventUating sewers has always been generaUy 

recognised, it has been contended in some quarters that ventUation 
is unnecessary. Those who held this view lost sight of the fact that 
the quantity of sewage passing down a sewer varies from hour to 
hour. The night fiow in a sewer m a y be only 2 or 3 inches in depth : 
by day there may be as many feet; and after heavy rain the sewer 
may run nearly full. If no openings are pro-vided for the escape 
and admission of ah as the level of the sewage rises and falls, the 
ah which is displaced by the sewage -will find its way out where it 
can, and probably where it is least deshed. Adequate means of 
ventUation must therefore be provided. 

The easiest way to ventUate a sewer is by placing grated covers on 
all the manholes. This method was formerly -widely used, but 
complaints of smell from the manholes were not uncommon, and 
solid covers are now more general. Grated covers are, however, 
stiU in use on many of the London sewers. They should always 
be fitted -with dirt-boxes to catch any road grit which may fall 
through the openings. 

The plan most in favour to-day is to place ventilating columns, 
usually 6 or 9 inches in diameter, along the hne of the sewer at every 
few hundred yards. They should be not less than 25 or 30 feet in 
height, and should be as far as possible from -windows. It is not 
easy to find a position for a ventilating column which -wiU commend 
itself to all the neighbouring residents, and, however carefully the 
site may be chosen, complaints of smell are not unlikely to arise. 
I once plugged the pipe which connected a shaft -with the sewer, but 
the complaints still went on. 

Proposals have been made for the deodorisation and sterihsation 
of sewer ah by passing it through charcoal or a spray of some 
disinfectant solution, but the need for such a precaution should 
rarely, U ever, arise. 

The ventUation of sewers is sometimes assisted by fans or by gas 
burners placed in the ventilating shafts, and factory chimneys have 
been utilised for the purpose. Such aids to ventUation are usually 
quite unnecessary, and if combustible gases are present in the air of 
the sewer, contact with a flame may result in a disastrous explosion. 
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There is a gro-wing body of opinion in favour of the abolition of 
intercepting traps, and where these are dispensed -with the sewers 
-wUl be ventUated through the house drains and soU pipes far more 
effectively than by means of any number of special ventilating 
columns which it would be economically possible to provide. 

Plans. Accurate plans and sections of all sewers, as laid, should 
be deposited •with the Local Authority. If the plans are dra-wn to a 
large scale, the positions of the junctions may be sho-wn thereon. 
They should in any case be recorded in the junction book. 

Under Section 20 of the Pubhc Health Act, 1875, an Urban 
Authority may, U they think flt, provide a map sho-wing the sewers 
in theh district. Such map shall be kept in theh office, and shall at 
all reasonable times be open to the inspection of the ratepayers. 

K 



CHAPTER XXIV 

PUMPS 

THE pumps which are employed for hfting clean water are not 
suitable for use -with sewage, for the valves and narrow passages 
which they contain would quickly be blocked by the sewage sohds. 
Until comparatively recently, sewage had always to be screened 
before being pumped, but pumps are now avaUable which •wUl pass 
any soUds which •wUl go through the suction pipe. Messrs. Black-
stone, of Stamford, have for some years made an " unohokeable " 
centrifugal pump, and others are on the market. The Stereophagus 
pump, which is made by the Pulsometer Engineering Company, 
contains a number of knife-blades which cut up the large solids 
into small particles. 

A centrifugal pump, working at a constant speed against a given 
head, wUl hft sewage only at a fixed rate. If the head is increased, 
the output of the pump -wUl be less, and U the Uft is reduced, as for 
instance by the rise of the sewage in the pump well, more sewage 
•will be delivered. The output of a pump varies at a greater rate 
than the head, with the paradoxical result that, when the head 
on the pump is reduced, more power •wUl be requhed to drive it. 
In view of the inability of a centrifugal pump to vary its rate of 

working to keep pace -with changes in the flow, several pumps of 
different sizes are sometimes installed, with means for automatically 
bringing into use a unit of the capacity requhed at the moment. 
Such an arrangement, ideal as it is from one point of -view, necessi
tates a rather comphcated array of floats and s-witches, and, U spare 
parts are kept for use in case of breakage, many more of these will 
be requhed than U the pumps were all of the same size. 

Pneumatic Ejectors. A very convenient apphance for lifting 
sewage is the " Pneumatic Ejector," originally invented by the late 
Isaac Shone, and made by Hughes and Lancaster, of Ruabon. The 
original patents for pneumatic ejectors have long since exphed, and 
they are now manufactured by many fhms. 

A pneumatic ejector (Fig. 41) consists essentially of a cast-
hon vessel into which the unscreened sewage flows by gravitation 
and from which it is lUted by means of compressed ah. As soon as 
the ejector is full, a float rises, actuating a valve through which the 
air is admitted. There is a reflux valve on the inlet pipe which 
prevents the return of the sewage, which is forced by the pressure of 
the air up to the height required. W h e n the last of the sewage has 
been lifted, a float drops, bringing back the ah valve to its original 
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position, whereupon the supply of compressed air is cut off and that 
in the ejector released. These operations go on automatically, and 
a good ejector requhes surprisingly little attention. They are 
usually instaUed in duplicate, so that one m a y flll whUe the se-wage 
is being hfted from the other. 

In the " Tandem " ejector the two ejector bodies are formed one 
above the other hi a single cylindrical casing, which also serves as 
the ejector chamber, a separate chamber of brickwork or concrete 
being thus dispensed -with. In wet ground, such as quicksand, this 
is a distinct advantage. The weak point of the tandem ejector is 
the comparative flatness of. the bottoms of the chambers, and the 
consequent risk that solids m a y accumulate in them. I once had 
occasion to use a couple of tandem ejectors, but hesitated to do so 
on that account. The manufacturers, however, assured m e posi
tively that no such trouble need be anticipated, and I accordingly 
installed theh ejectors. They failed to keep themselves clear, and 
were replaced a few years later by others of the ordinary type. 

A great advantage of pneumatic ejectors is the faciUty which 
they afford for hfting sewage at any number of points by means of 
ah distributed from a single compressor station. The ah may be 
compressed either by reciprocating or rotary compressors, driven 
by any convenient motive power. If electricity is used for the 
purpose, the compressors m a y be started and stopped automatically 
as the pressure falls and rises in the ah mains. A n air receiver is 
often provided to contain a reserve of ah. 

Pneumatic ejectors are exceedingly clean, convenient, and reliable. 
O n the other hand, ejectors and compressors cost more than centri
fugal pumps for the same duty, and, o-wing to the loss of power in 
compression, they usually requhe more power. In 1910, with a 
view to overcoming this drawback, I suggested that, instead of 
wasting the compressed air after every discharge of an ejector, the 
same ah should be used over and over again. By so doing the need 
for compressing a fresh supply of air for each discharge is done away 
•with, and it is only necessary to provide sufficient power to transfer 
the ah which has aheady been compressed from one ejector to the 
other. In view of the large amount of power which is expended in 
compression, and which in the case of high lifts is more than is 
requhed to hft the sewage, the economy effected by this mode of 
working is considerable. It is usually estimated that the overall 
efficiency of compressors and ejectors does not exceed about 20 per 
cent. By using the same air over and over again, the efficiency may 
be increased to something hke 50 per cent. 

A few plants on these hnes were laid do^wn at the time, and the 
idea has recently been revived. 

Air Compression. The pressure of the air must be sufficient not 
only to hft the sewage to the deshed height, but also to overcome 
the frictional loss in the rising main and that in the ah main. In 
calculating the quantity of ah requhed, allowance must be made 
for the reduction in its volume due to compression. The volume of 
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ah is inversely proportional to its absolute pressure, which is equal 
to the gauge pressure -f 14-7 lb. per square inch. If therefore 
ah is requhed at a gauge pressure of Pj lb. per square inch 

p _i_ 14.7 
(P^ -\- 14-7 absolute), ^ 7, _ — cubic feet of ah must be compressed 
to furnish every cubic foot. One cubic foot of free ah at a tempera
ture of 60° F. and at atmospheric pressure weighs 0-0764 lb., and 
13-09 cubic feet weigh 1 lb. At any other pressure, P^ (on the 

14-7 X 13-09 
gauge), 1 lb. of ah is equal to p . ,. „ cubic feet. 
In the compression of ah a part of the power expended is converted 
into heat, which tends to increase the volume of the ah, and conse
quently the amount of power required to compress it. In order to 
minimise the loss of power thus occasioned, as much of this heat as 
possible is carried off by a water-jacket which surrounds the cylinder 
of the compressor. If all the heat could be carried off as fast as it 
is produced, the temperature of the ah would remain constant, and 
the compression would be " isothermal." If, on the other hand, 
none of the heat is removed, the compression is " adiabatic." 

If W is the horse-power requhed for the isothermal compression 
of one cubic foot of ah per minute, W ' the power requhed for adiabatic 
compression, Pa the atmospheric pressure in pounds per square 
inch, and ̂ ^.the absolute pressure to which the ah is compressed 
(or the gauge pressure -\- 14-7) then 
W = 0-1477 log ?i, and 

° Pa 
W' = 0-2214 

p \0.29 

.1) -V 
The ratio ̂ ^, is called the " thermal efficiency " of the compression. 

In arriving at the power requhed to drive a compressor, aUowance 
must be made not only for the thermal loss of power, but also for 
the mechanical losses in the compressor. A good compressor of 
moderate size should give an overall efficiency of at least 50 per cent. 
Table X X X I I I shows the pressures corresponding to various 

heights of lUt, the volumes of free ah required to furnish one cubic 
foot of compressed ah at the different pressures, and the power 
requhed to compress 100 cubic feet of free ah per minute. 

Loss of Pressure in Air Mains, The drop in pressure which takes 
place when ah flows through a pipe may be calculated by any of 
the usual formulse, Professor tin-win's being probably the most 
rehable. This formula, in its original form, is given on p. 85. 
Translating it into a form more convenient for ordinary use, and 
adopting Un-win's origmal value of 0-0027 (l j~) for ^, we get 

7665 D d^ 

file:///0.29
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In this formula p = loss of pressure in pounds per square inch, 
lu = pounds of fluid, dehvered per minute, 
d = diameter of pipe in hiches, 
L = length of pipe in feet, and 
D = density of fluid in pounds per cubic foot. 

TABLE XXXIII. 

Pressure and Volume of Air and Power Required for Compression. 

(Efficiency of compreasion 50 per cent.) 

Height of 
lift (ft.). 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 ' 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 

Gauge pressure 
(lb. per sq. in.). 

0-43 
0-87 
1-30 
1-73 
2-17 
2-60 
3-03 
3-47 
3-90 
4-34 
4-.77 
5-20 
5-64 
6-07 
6-50 
6-94 
7-37 
7-80 
8-24 
8-67 

10-84 
13-01 
15-17 
17-34 
19-51 
21-68 
23-84 
26-01 
28-18 
30-35 
32-51 
34-68 
36-85 
39-02 
41-18 
43-35 

Cu. ft. of free air 
per cu. ft. 
compressed. 

1-03 
1-06 
1-09 
1-12 
1-15 
1-18 
1-21 
1-24 
1-27 
1-30 
1-32 
1-35 
1-38 
1-41 
1-44 
1-47 
1-50 
1-53 
1-56 
1-59 
1-74 
1-89 
2-03 
2-18 
2-33 
2-48 
2-62 
2-77 
2-92 
3-07 
3-21 
3-36 
3-51 
3-65 
3-80 
3-96 

B.H.P. per 100 
cu. ft. of free air 

per minute. 

0-373 
0-735 
1-087 
1-43 
1-76 
2-09 
2-41 
2-72 
3-02 
3-32 
3-60 
3-89 
4-16 
4-43 
4-70 
4-96 
5-21 
5-46 
5-71 
5-95 
7-09 
8-13 
9-10 
10-00 
10-84 
11-62 
12-37 
13-07 
13-73 
14-37 
14-97 
15-54 
16-10 
16-62 
17-13 
17-62 

The velocities which this formula gives are much higher than 
those yielded by other formulee, and higher than many of those 
which were obtained by Riedler in his observations on the Paris 
ah-mains, and for practical purposes it is less important that a 
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formula should represent the exact average of a given set of experi
ments than that the results which it gives shall be obtainable in 
ordinary good practice. I have accordingly substituted 7000 for 
7665 in the denominator. Adopting this value, we get the following 
formulse :— 

p p -^(• + " 
1 2 - 7000 D d^ 

Q.DL(IJ^) 
1 2 7000 d^ 

v^D L (l -f ^ 
P _ P = ^ » 
1 ^ 65,360 d 

I P 4_ p 

/7000^7^# 

/ ^-^±^d 
266 

D L ( 1 + ^ ^ 

T / 454dF 

In the foregoing formulse, which hold good for any fluid, Uquid 
or gas, Pj represents the initial pressure, P^ — Pg the drop in pressure 
in the main, F the loss of head, and Q the quantity flo-wing hi cubic 

F 
feet per minute, y is the gradient. 

For air, the density of which is , 

/' 

"-2 

3233 

6233 (^ 

y 2 
+ P2 
2 

+ 14-7)d' 

' + 14-7) (Pi -V^)d^ 
and Q = 

the volume, Q, being measured as free ah and not after compression. 



t^
^'
.X
s?

 
<
1
C
1
H
;
/
-
^ 

d
J
C
!
2
|
*
i
^
 
l-
^f
51
^^
-^
HC
 

•T
;t
eJ
U^
'W
I>
 

O
O
0
C
j
<
l
 

'
c
D
"
'
H
-
i
i
o
'
'
i
-

o
r
 t
o
 
O
J
 
C
 I
 

t
O
l
-
'
O
 
X
 

- 
-4
-1
0
 

t
O
t
—
 ;
 

b
 

p
'
 

O.
 
-J
 O
 
^
 
M
 

lo
 o
 
o
 
cc
 
O
 

*>
. 
0
5
 K
' 
-O
 l
->
 

^
 
CO
 O

 
-"
] 

ĥ.
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î
ci
lr
s
 

C
i
-
O
 C
O
 X
'
 1
0
 

CO
 C
S
 o

 
tc
 C
l
 

1
0 

r
^
 
'-
' 
^
 
t
J
 f
-J
 

O
 
X
 
O
 
-4
- 
to
 
O
 

C
l
 
C
7
'
 
4
-
 
C
O
 
C
O
 
1
C
 

C
S
 "

 
'C
l 
C
D
 h
4-
 
X
 

X
 
1
0
 C
l
 '
X'
l-
'
 4
-

_
0
0
j
<
I
J
<
l
j
3
5
_
O
S
 O
S
 

1
0
 X

J
 *
.'
cD
"n
i'
'h
->
 

l
o
^
o
c
o
 X
-
-
I
 

.̂I
 C
S'
 U
I
 M
 
t
o
 F
-*
 

Cl
 C
l
 C
l
 C
l
 

J--
1 
-^
 t
o
 
o
 

1
0
'
X
'
"
'
,
£
-
0
 

t
o
 *
-
 
C
1
 -
•]
 

C
:
 h
^
 ̂
] 
t
o
 

4
^ 

4:
..
 r
f
i
.
 4i

. 
C
O
 

j<
ij
:7
ij
o
 c
 
x
 

O
S
 M

 
CD
' 
Cl
 ~
^
 

x
o
i
-
^
c
o
c
i
 

X
4
-
-
C
D
 C
i
O
 

M
C
O
 
CO
 I
C
 t
o
 

en
 M
 
o
 
'X
 j
rs
 

~1
 C
O
 o
'
c
s
 
ICl

 
c
:
-
 '
X
 C
D
 ̂

 
IC
 

O
 
lO
 M

 
CO
 
o
 

t
o
 1
0
 h
-
 h
^
 h
^
 f
~i
 

c
c
 —
 
O
 
C
S
 -
I-
 
1-̂

 

X
'
 
-
4
-
 
o
 
c
;
"
c
o
 
o
 

•4
- 
O
.
 <
I
 '
O
 O
 
t
 C
l
 

4-
 C

 
en
 ̂

 
CS
 t
o
 

j
D
j
o
j
i
o
a
)
j
-
a
<
i
 

e
n
 O
 
Cl̂

r-
i
 O
s"
ĥ
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Table XXXIV, -which is adapted from that given in Appendix 
E to m y " Activated Sludge Process," * gives the loss of pressure 
in ail- mains of different sizes carrying the quantities sho-wn. 

In the preparation of this table a difficulty presented itself -which 
does not occur in connection -with similar tables for -water or se-wage. 
In these cases we are dealing -with a fluid of constant density, and 
have therefore only three variables to take into account. With 
air, on the other hand, we have a fourth variable, for the density of 
air varies -with every change in its temperature or pressure. This 
difficulty has been overcome by dividing the table into t-wo parts, 
each line in the first part sho"wing the quantity of air (measured as 
free air) which can be carried by pipes of different diameters with the 
loss of pressure sho-wn in that line in the second part of the table 
which bears the same reference letter. 

In using this table, the quantity of free air nearest to that re
quired must be found in the first part, and the loss of pressure, for 
the working pressure adopted, in the corresponding Une in the 
second part. If the loss of pressure in the pipe, as compared -with 
the working pressure, is considerable, the latter should be taken as 
the mean of the initial and final pressures, but when the loss of 
pressure is very great, a special formula should be used. 

Sewage Lifts. In certain cases, where a district presents consider
able differences in level and there is sufficient high-level sewage 
available, power-driven compressors may be dispensed -with, and 
the sewage from a high level m ay be used to compress air to lift the 
sewage from a low level. The high-level sewage is stored in a 
flushmg tank, which, when full, discharges it into a compressing 
cyhnder. This cylinder furnishes the air for Hfting the low-level 
sewage, and is then emptied by means of a siphon. This arrange
ment was originally invented by Adams, of York, but sewage lifts 
on similar lines are now made by other firms. The quantity of 
high-level sewage must be well in excess of that to be lifted, and the 
working fall must be sufficient to cover the united depth of the flush
ing tank, the compressing cylinder and the forcing cylinder, in 
addition to the actual height of the lift. Pig. 42 shows a sewage 
lift which was recently installed at Wymond h a m . The apparatus 
was supphed by Bentleys, Engineers, of York. 

Liernur's Pneumatic System. In this system, which was invented 
by Captain Liernur, a Dutch engineer, in 1868, the sewers are laid 
at a uniform depth, regardless of gradient, and the sewage is dra-wn 
through them by means of a vacuum of about half an atmosphere 
produced by air pumps at a central station. The sewers and drains, 
which are of cast-iron, are hermetically sealed, no manholes being 
used. Ventilating shafts are also dispensed -with, the air in the 
sewers being dra-wn by the vacuum to the central station. The 
Liernur system has been employed in Amsterdam and at other 
towns on the Continent, and at Stansted (Essex) in this 
country. 

* Macdonalti and Evana, London, 
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Works on the same principle, but under another name, have 
recently been installed near Paris. 

Motive Power for Pumping. In the choice of the motive power for 
pumping sewage, the same considerations apply as in the case of 
similar plant for water. There are, however, certain differences 
which should be borne in mind. The quantity of water required 
each day is practically the same, and it can be pumped at any 
convenient time at a uniform rate. The volume of sewage to be 
lifted varies from hour to hour, and, wherever rain-water is admitted 
to the sewers, from day to day, and although it is possible to store a 

.,.-; FLUSHING •-' 
-.'• TANK Z :.•'. 

Fio. 42.—SEWAOE LIFT. 

whole day's sewage and pump it at one operation, it is generally 
more convenient to deal -with it as it comes do-wn. 
With electrically-driven pumps the need for storing any con

siderable quantity of sewage may be obviated by the use of float-
switches which -wQl start up the pumps when the sewage has risen 
in the pump well to a predetermined level and stop them as soon as 
the well is empty. 

The quantity of sewage which is pumped at each operation should 
not be too small, as it is not desirable to start and stop the motors 
every few minutes. Eloat-s-witches are looked on askance in certain 
quarters, but if they are properly designed and kept dry they are 
quite reliable. 

Water power, where available, is very cheap and convenient 
for pumping purposes. The Corporation of Romsey were fortunate 
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in securing the use of water on very reasonable terms. Two pumps, 
lifting respectively 60 and 90 cubic feet per minute, each driven 
by an independent turbme, were installed, with provision for adding 
a third p u m p of the larger size. The sewage is received in a small 
tank, in which it accumulates up to a certain level. W h e n this 
level is reached, a float rises and switches on the current from a 
storage battery to a small motor, which opens the gates of one of 
the turbines. As soon as the tank is empty, another float falls, and 
the gates of the turbine are closed. The whole plant works with 
precision, and the quantity of sewage pumped with a given expendi
ture of driving water exceeds the guarantees given by the manu
facturers. Before deciding on the motive power to be used, the 
ques-tion of pumping by oil, gas, and electric power was looked into. 
In point of capital outlay the water-driven plant was the most 
expensive, but its annual cost, including interest, depreciation, and 
attendance, was much the lowest. 

Where the sludge from the sewage is dealt -with by digestion, the 
resulting gas m a y be used to furnish power for pumping the sewage. 
If the pumping is not done at the outfall, the gas can be piped to 
the pumping station. Other-wise gas engines may be installed near 
the digestion tanks to drive electric motors or air compressors, and 
the current or air, as the case may be, conveyed to wherever it is 
required. 
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SEWAGE DISPOSAL 

CHAPTER XXV 

COMPOSITION OP SEWAGE 

THE word sewage is often used to signify faecal matter. This is 
quite a mistake, for fseces are not sewage, and they never constitute 
more than a very small part of it. There were formerly many to-wns 
in the North of England and the Midlands—there are stUl a f e w — 
where the excreta do not find their way into the sewers, but the 
sewage of these towns differs very slightly, either in composition or 
in strength, from that of water-closeted towns. The Rivers Pol
lution Commissioners, in their Eirst Report, give the f oUo-wing average 
analyses of the sewage from towns using middens and water-closets 
respectively :— 

Average Composition of Sewage. 

(iTi parts per 100,000.) 

Midden To-wns 
W.C. To-sms 

Total 
SoMds. 

121-51 
116-89 

Suspended Matter. 

i 

17-81 
24-18 

1 
o 

21-30 
20-51 

H 

39-11 
44-69 

II 

82-4 
72-2 

-a a 

II 
4-181 
4-896 

II 
1-975 
2-205 

•i 
o 

5-435 
6-703 

0, pi 
—• s « 

sal 
^6g 
6-451 
7-728 

J 
11-54 
10-66 

Ordinary to^wn sewage is a complex mixture of bedroom and 
kitchen slops, the soapsuds and dirty water from laundries, the 
washings from fish shops, butchers' shops, and slaughter-houses, the 
drainings from stables, the waste water from dairies, etc.—in short, 
nearly all the clean water which is supplied to a to^wn ultimately 
finds its way into the sewers, charged •with every conceivable kind 
of pollution. In addition to the domestic sewage, the sewers of 
many to^wns receive also the washings from streets and backyards, 
which are often fouler than the sewage itself, and generally bring 
do-wn -with them large quantities of m u d and grit. Most towns, too, 
have their local industries—bre-wing, tanning, woolwashing, dyeing, 
and what not—and all these contribute their quota of more or less 

253 
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filthy water to the sewers. As the result of all this, we get a large 
volume of foul liquid of very complex composition. The object in 
view in the purification of sewage is to resolve this heterogeneous 
compound into a liquid which is incapable of producing either 
nuisance or danger to health. 
The quantity of sewage to be dealt -with is practically equal to the 

water supply, which, as already stated (p. 135), may be as little as 
6 or 8 gallons per head of population per day, or as much as 
50 gallons. Many cities in the United States consume as much as 
200 gallons per head per day, but it should be borne in mind that 
12 American gallons are only equal to 10 Imperial gallons. 
Where, as usually happens, rain-water is admitted to the sewers, the 
storm flow may be many times as great as that in dry weather. If 
the sewers are laid in water-logged ground, the volume of the 
sewage may be greatly swollen by the infiltration of subsoil water. 
Where sewers are already in existence, the actual quantity of 

sewage should be ascertained by taking half-hourly gaugings over a 
period of twenty-four hours. 

CHEMISTRY OF SEWAGE 

Nine hundred and ninety-nine parts out of every thousand of an 
ordinary sewage are merely clean water. The foreign matter which 
is present in each cubic foot of sewage is usually less than a cubic 
inch, and consists for the most part of harmless salts, such as lime 
and magnesia, derived from the water supply. The polluting 
matter -with which we are concerned is present in three different 
forms :— 

(1) Suspended solids, such as lumps of fseces and fat and 
scraps of vegetables; 
(2) Organic matter in solution ; 
(3) Solids which are neither suspended nor dissolved, but which 

are present in an intermediate state, resembling that of jelly 
or glue, kno-wn as the " colloidal form." Colloids are of con
siderable importance in the purification of sewage, and it is 
only recently that their nature and properties have been closely 
studied. 

The composition of a sewage can be ascertained by means of a 
chemical analysis, but such an analysis is usually confined to a few 
of its constituents. 
Chlorine, combined with sodium as common salt (NaCl), is always 

present in sewage, and affords a useful measure of its strength. 
The amount of chlorine is not affected by any process of purification, 
so should be the same in the purffied effluent as in the crude sewage. 
A difference in the chlorine figures for the two liquids shows either 
that the effluent from which the sample was taken does not corre
spond -with the sewage, or possibly that the sewage has become diluted 
on its way through the works. In arriving at the amount of puri-
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fication which has been effected, it is necessary to be sure that we 
are sampling the same Uquid in both cases, and not comparing the 
effluent from a weak night sewage -with the strong sewage which 
comes down during the day. 
Organic Carbon (or Oxygen absorbed). Carbon is an essential 

constituent of all organic matter, and the organic matter present in 
a sewage was formerly recorded as such. Nowadays, instead of 
measuring the carbon directly, the chemist ascertains the amount of 
oxygen required to oxidise it. This oxygen may be obtained from 
an acidffied solution of potassium permanganate, a measured quantity 
of which is added to the sample under examination and kept at a 
temperature of 80° F. for 4 hours. A determination is sometimes 
also made of the oxygen absorbed in 3 minutes. The latter test 
indicates the amount of readily oxidisable matter present, some of 
which, however, may not be of a polluting character. The oxygen 
for oxidising the organic matter is now usually derived from tap-
water, saturated -with oxygen, a given volume of which is mixed -with 
the sample and kept at a constant temperature for several days. 
Nitrogen. This is by far tlie most interesting and important 

constituent of sewage. It is present in most organic compounds, 
and in the course of their decomposition and the subsequent puri
fication of the sewage it undergoes a series of characteristic changes. 
As the result of decomposition the complex organic molecules are 
broken do-wn into a number of simpler substances, including am
monia, a typical constituent of stale sewage. In the later stages of 
purification the ammonia is brought into combination •with oxygen, 
forming first nitrous acid (HNOj) and finally nitric acid (HNO3). 
These acids react with the alkaline substances present, •with the 
formation of nitrites and nitrates repectively. Albuminoid am
monia, and to a less extent free or saline ammonia, are measures of 
impurity. Low ammonias and high nitrates iiadicate a well purified 
and stable effluent. The nitrogen in its various combinations was 
formerly determined as ammonia. Results expressed as ammonia 
may be converted into their nitrogen equivalents by multiplying 
them by 14 and dividing by 17. 
Dissolved Oxygen. R-esh sewage contains little or no dissolved 

oxygen, and stale sewage none, any free oxygen which it may have 
possessed having gone to oxidise some of the products of decom
position. A purified effluent, on the other hand, should contain an 
appreciable amount of dissolved oxygen. 
Stability. Sewage is an unstable liquid. In other words, it 

tends to decompose. A purified effluent, on the other hand, is 
stable in composition, and -will remain unchanged indefinitely. In 
an American analysis of a sewage effluent its " relative stability " 
is often expressed numerically. 
Alkalinity and Acidity. Domestic sewage is usually alkahne, by 

reason of the soda, potash, and ammonia which are always present 
in it, but the sewage of a manufacturing town, containing for instance 
large quantities of waste water from galvanising works, may be 
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strongly acid. The reaction of a sewage may be readily tested by 
means of litmus paper. Blue litmus paper -will turn red in an acid 
sewage. An alkaline Hquid -will change the red colour to blue. The 
degree of acidity or alkalinity of a sewage can be ascertained by 
titration in the laboratory, as described in Chapter VII. 
Strength. The strength of sewage varies greatly. It is some

times said that every user of the sewers contributes about the same 
amount of polluting matter, and that the strength of sewage is 
therefore proportional to the number of gallons per head. This 
is not necessarily the case, for, in addition to excreta and urine, 
sewage contains a great deal of soap, etc., from lavatories and laun
dries, scraps of meat and vegetables, grease from sculleries, and other 
organic matter. Other things being equal, however, the sewage 
from a to-wn using 40 gallons of water per head will be only about 
half as strong as that from one which uses 20 gallons. 
The Local Government Board used to classify sewages on the 

basis of the amount of oxygen which they absorbed from potassium 
permanganate in 4 hours. A sewage which absorbed from 17 to 
25 parts of oxygen was called a strong sewage; a sewage which 
absorbed from 10 to 12 parts an average sewage; and one which 
absorbed only 7 or 8 parts a weak sewage. 
A classification based solely on oxygen absorbed was felt to be 

unsatisfactory, and the Chemists to the Royal Commission on Sewage 
Disposal carried out a large number of experiments with a view to 
arriving at a better method, which should be applicable to sewages 
and tank effluents alike. As the result of these experiments they 
proposed the following formulse :— 
For Sewages and Septic Tank Effluents, 

(Ammoniacal + Organic Nitrogen) x 4-5 
-j- Oxygen absorbed in 4 hours X 6-5. 

For Precipitation Effluents, 

(Ammoniacal + Organic Nitrogen) X 4-5 
-j- Oxygen absorbed in 4 hours x 6-0. 

These formulse were not put forward as having any claim to 
absolute accuracy, and Dr. McGowan, who proposed them, sub
sequently suggested their modification. The strengths of a number 
of domestic sewages calculated by the first formula varied from 247 
to 26. 
In a to-wn or village which has not previously possessed a piped 

supply of water the consumption -will usuaUy be very small, and the 
sewage consequently much stronger than if water were being used 
at a normal rate. While this state of things continues it -will often 
be difficult to obtain a satisfactory effluent from the purification 
works. 
The sewage from the same place -will usually vary in strength 

from hour to hour during the day. The upper firm line in Fig. 43 
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shows the flow from St. Leonards, a suburb of Exeter, at hourly inter
vals, and the lower firm line the amount of chlorine in the sewage 
in parts per 100,000 at every hour. It will be seen that the 
sewage was strongest at about the time of maximum flow, and 
weakest during the early hours of the morning, when little but sub
soil water was coming do^wn. 

Sampling. It is not easy to get a true sample of crude sewage. 
A " snap sample " cannot be taken as representative of the whole 
day's flow, and some very misleading puriflcation figures have been 
arrived at by comparing the analysis of such a sample with one 
of the filtered effluent. Samples should be taken at regular intervals 
and mixed together, but if equal samples are taken, even this will 
not give a true average. W h e n sampling the sewage of St. Leonards, 
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EiG. 43.—HOURLY "VARIATIONS IN FLO-W AND STEENGTH OF SEWAGE 

I gauged the flow every half-hour, and then took a sample pro
portional in volume to the flow at the time. These samples were 
placed in a carboy and well mixed before the final sample was taken. 

Passage through a properly designed tank of large capacity will, 
as sho-wn by the dotted line in Fig. 43, smooth out the inequalities 
in the composition and strength of a sewage. 

It is often convenient to be able to test an effluent on the spot. 
For this purpose the late Dr. Thresh devised a simple method of 
water analysis for use by unskilled operators, in which the usual 
standard solutions are replaced by " soloids," or tabloids, each 
containing a definite quantity of the reagent. 

BACTERIA 

Dead and depressing as sewage appears to be, it is really a little 
world teeming -with life. Every drop of it contains myriads of those 
bacteria to which reference has already been made (p. 65), and other 
forms of hfe are also present. 

s 
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Tiny and apparently insignificant as they are, bacteria are of the 
greatest importance in' the economy of Nature. In the words of 
Duclaux, the distinguished French scientist, 

" Whenever and wherever there is decomposition of organic matter, 
whether it be the case of a weed or of an oak, of a worm or of a whale, 
the work is exclusively performed by infinitely small organisms. 
They are the important, almost the only, agents of maiversal hygiene; 
they clear away, more quickly than the dogs of Constantinople or the 
wild beasts of the desert, the remains of ah that has had life; they 
protect the li-ving against the dead. They do more : if there are still 
li-ving beings, if, since the hundreds of centuries the world has been 
inhabited, life continues, it is to them we owe it." 

PRODUCTS OF PLANT LJFE 
ALBUMENS-STARCH-FATS 

fiN. 

NITRITES ' «-"• 

]_By Courtesy of Sir Qeorge Nevmes, Ltd. 

EiG. 44.—NATURE'S FOOD CYCLE. 

The modern art of purifying sewage dates from Pasteur's discovery 
of the yeast organism, and more immediately from Warington and 
Winogradsky's classical researches into the part which is played by 
bacteria in the formation of nitrates in the soil. 

The recognition of bacteria as the chief agents in the purification 
of sewage has led to a revolution in the design of sewage-disposal 
works. W e no longer labour vainly to purify sewage by artificial 
means, for we know that Nature herself will do the work if we will 
only let her. The task of the sewage works engineer is therefore to 
provide her •with suitable workshops. These workshops usually 
take the form of tanks and filters. 

Some bacteria, as already stated, require oxgyen to support their 
Ufe. These are called " aerobic" bacteria. Others, kno-wn as 
" anaerobic " bacteria, cannot exist in the presence of free oxygen. 
Others, again, are more accommodating, and can Uve either with 
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or without oxygen. These are styled " facultative aerobes " or, 
alternatively, " facultative anaerobes." 
The decomposition of dead organic matter is not an instantaneous 

process. On the contrary, it may take many days, or even weeks, 
during which it is acted upon successively by many groups of bacteria. 
Some of these feed on it directly; others attack it indirectly by means 
of the " enzymes," or powerful digestive substances, which they 
secrete. 
Although sewage, as such, is essentiaUy a product of modern 

times, its constituents are not new. They have been produced 
in vast quantities ever since man first appeared on the earth, and, 
had they been left to accumulate, the world would long since have 
become a desert. For the materials which serve as food for plants 
and animals exist in strictly Umited quantities. 

Nature's Food Cycle. But Nature is a careful housekeeper. She 
wastes nothing. She uses the same materials over and over again; 
and she does so in a very wonderful way. Fig. 44 shows diagram-
matically how the chief ingredients of food are picked up from the 
soU and breathed in from the air by vegetation, and how this 
vegetation in turn supports the Ufe of the animal world, including 
our o-wn. This process of buUding up is represented by the left-
hand side of the cu'cle, from A to B, and on to C. The descending 
curve, from C through D to A, shows how the waste products of 
animal Ufe are decomposed by moulds and bacteria into simpler 
substances, and how these in turn are oxidised by other bacteria 
and converted into food for plants. The circle shows the successive 
states of the nitrogenous organic matter. The water and carbonic 
acid gas exhaled from the lungs or liberated by decomposition follow 
the shorter tracks represented by the dotted lines, and are absorbed 
by plants -without any further preparation. 

This diagram is of more than academic interest, for the same 
processes which Nature employs in her o-wn laboratory are utUised 
by the engineer in the purification of sewage. 



CHAPTER XXVI 

POLLUTION OF BIVEBS 

Law. When our grandfathers first began to lay sewers and drams, 
they discharged the sewage into the nearest river, and were not 
ashamed. This practice was expressly recognised by the To-wns 
Improvement Clauses Act, 1847, Section 24 of which pro-vided 
that a Local Authority who were unable to make a profitable use of 
their sewage might cause their sewers to communicate with and 
empty themselves into the sea or any public river. In 1854 the 
General Board of Health, which preceded the Local Government 
Board, presented a report in which they expressed the opinion that 
it was far less injurious to the pubhc health to have the refuse of 
towns in the river than underneath or amidst dwellings. Even so 
keen a sanitarian as the late Sir Robert Rawlinson, the first Chief 
Engineering Inspector of the Local Government Board, -wrote in 
1862: 

" There is at present a great outcry against the pollution of rivers 
by sewers and the killing of fish. The question may be asked whether 
it is better to pollute rivers or pollute to-wns and houses, to kill fish 
or to kill men ? " 
Many large towns on the continent of Europe and in the United 

States of America still discharge their sewage into the great rivers 
fio^wing past them. But our rivers are small, and few of them are 
capable of assimilating the sewage from the teeming populations 
which have gro-wn up on their banks. In the more densely inhabited 
parts of the country, such for instance as the West Riding of York
shire, the rivers came to be Uttle better than open sewers. Foul 
deposits formed on the river-beds and decomposed, giving off 
nauseous gases. The water was robbed of its dissolved oxygen, 
and could no longer support fish Ufe. The conditions became 
intolerable, and a demand for cleaner rivers arose. A resident on 
the banks of a Yorkshire river -wrote to the Rivers Pollution Com
missioners, complaining of the state of the river. Instead of using 
ink, he dipped his pen in the river itself. H e regretted that he could 
not send with his letter a sample of the smell of the river. But 
legislation against the pollution of rivers is by no means a modern 
development. In 1358 or thereabout King Edward III, passing 
along the River Thames, beheld the dung and filth accumulated in 
divers places in the said city on the bank of the said river, and also 
perceived the fumes and other abomindable stenches arising there
from, and as the result of what he saw he issued a Royal Order 
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addressed to the Mayor and Sheriffs to the effect that there shaU 
henceforth no rubbish or filth be thrown or put into the waters of 
Thames or Fleet or into the Fosses around the said city, but all 
must be taken outside the city by carts. 

Thirty years later, in the reign of his successor, Richard II, the 
first Rivers Pollution Prevention Act was placed on the Statute 
Book. Sewers and drains were then unkno^wn, and the legislation 
of those days was directed against the deposition of solid filth in 
rivers. It was not until 1861 that any restriction was placed on 
the discharge of crude sewage from sewers and drains. The Local 
Government Act of 1858, which empowered Local Authorities to 
lay sewers outside their districts, and to contract for the sale of 
their sewage, incidentaUy pro-vided that nothing in the Act should 
be construed to authorise a Local Authority injuriously to affect 
any river or stream of its feeders -without' the previous consent in 
•writing of any company or individual entitled to be relieved against 
such injury. The Local Government Amendment Act, 1861, went 
further. Section 4 of that Act, while gî ving increased powers to 
local authorities for the construction of sewers, etc., went on to say : 
" Provided always that nothing herein contained shall give or be 

construed to give power to any Local Board to construct or use any 
outfall drain or sewer for the puipose of conveying sewage or filthy 
water into any natural watercourse or stream until such sewage 
or filthy or refuse water be freed from all excrementitious or other 
foul or noxious matter such as would affect or deteriorate the purity 
and quality of the water in such stream or watercourse." 

On 3rd March, 1865, a ParUamentary Paper was presented to the 
House of Commons containing Memorials from Birmingham, 
Huddersfield, Nottingham, Rotherham, Sheffield, and York, all 
urging legislation to provide for the land treatment of sewage and 
prevent its discharge into streams. Legislation was not long de
layed, for on 29th June of the same year the first Sewage UtiUsa-
tion Act was passed. This Act gave faciUties to Local Authorities 
tp make arrangements for the apphcation of their sewage to land 
for agricultural purposes, and empowered them, -with the sanction 
of the Attorney-General, to take proceedings for the protection 
of watercourses against pollution. 

A series of Amending Acts followed in quick succession, including 
the Sanitary Act, 1866 ; the second Sewage Utilisation Act, 1867 ; 
the second Sanitary Act, 1868; the Sanitary Loans Act, 1869, 
and a third Sanitary Act, 1870. The Sewage UtUisation Act, 1867, 
dealt -with the formation of United Districts, under the jurisdiction 
of Joint Sewerage Boards. There is no need to review these Acts 
in detail, but enough has been said to show that Parhament was 
keenly alive to the question of sewage disposal. It wOl be noted 
too that the dominant idea at that time was the profitable utilisation 
of the sewage. 

Next came the Public Health Act, 1872. The BUI for this 
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Act embodied proposals for a more extensive amendment of the 
law than ParUament was then prepared to accept. It proposed 
inter alia to prescribe certain detaUed standards of pollution. This 
Act was superseded three years later by the PubUc Health Act, 
1875. Section 17 of this later Act reaffirmed the restriction imposed 
by Section 4 of the Local Government Act Amendment Act, 1861, 
on the discharge of unpurified sewage into a stream. 
Section 27 gave powers for disposing of sewage. 

" For the purpose of recei-wng, storing, disinfecting, distributing, 
or other-wise disposing of sewage any Local Authority may— 
" (1) Construct any works within their district, or (subject to the 

provisions of this Act as to sewage works -without the district of the 
local authority) without their district; and 
" (2) Contract for the use of, purchase or take on lease any land, 

buildings, engines, matetials or apparatus either within or -without 
their district; and 
" (3) Contract to supply for any period not exceeding twenty-flve 

years any person with sewage, and as to the execution and costs of 
works either -within or without then- district for the purpose of such 
supply; 
" Pro-vided that no nuisance be created in the exercise of any of 

the powers given by this section." 
Section 29 empowered a Local Authority to deal -with then-
sewage farm in such a manner as they might deem most profitable, 
either by leasing it for a period not exceeding twenty-one years for 
agricultural purposes, by contracting with some person to take the 
whole or part of the produce, or by farming the land themselves. 
In 1873 an attempt was made, in the Pollution of Rivers Pre

vention BUI, to obtain parhamentary sanction for the substance 
of some of the clauses which had been -withdrawn from the Public 
Health BUI of the previous year. This attempt faUed, but three 
years later the Rivers Pollution Prevention Act, 1876, was passed. 
Clause 3 of this Act definitely prohibits the discharge of crude 
sewage into a stream. 
The Rivers Pollution Prevention Act, 1893, merely explains 

the Act of 1876. 
The Sahnon Fishery Act, 1861, and the Salmon and Fresh Water 

Fisheries Act, 1923, prohibit the discharge of sewage or trade 
effluent into any waters containing fish. Section 55 of the Act of 
1923 enables a fishery board to institute proceedings imder the 
Rivers Pollution Prevention Acts, and extends the provisions of 
these Acts to the sea and to tidal waters. Proceedings under this 
section can be taken only in conjunction -with the Ministry of Health. 
A river has many duties to perform. It not only carries away 

the surface water and sewage effluents, but it also provides power 
and a channel for na-vigation and affords healthful recreation to 
tens of thousands of anglers. In each of these capacities rivers 
are under the control of local governing bodies -with statutory 
powers for safeguarding the special interests committed to them. 
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Each of these authorities employs its o-wn staff, exercises a general 
supervision over its water-ways, and takes such action as may be 
necessary. Their interests are diverse, and may in certain cases 
even be conflicting. 

It has long been felt that every river or group of rivers should be 
placed under the control of a single authority, charged -with all the 
functions which are now exercised by separate Boards. Royal 
Commissions, Select and Departmental Committees, and other 
bodies which have considered the question in all its aspects have 
urged for many years that in order to secure the proper administra
tion of the Rivers PoUution Prevention Acts, there should be an 
authority over each river (or group of rivers) exercising jurisdiction 
over the river and its tributaries as a whole. The Joint Advisory 
Committee on River PoUution appointed in 1927 by the Minister 
of Health and the Minister of Agriculture and Fisheries reported 
to the same effect in its First Report (1928), and in the last paragraph 
of that report it stated that it would seem natural that the functions 
of River PoUution, Land Drainage, etc., should eventually be vested 
in one authority. 

The introduction early in 1930 of the Land Drainage Bill in 
the House of Lords seemed to afford an opportunity for carrying 
this recommendation into effect, and there was bitter disappoint
ment when it was foand that it was proposed under the Bill to deal 
•with rivers in one only of their many capacities. The BUI made 
pro-vision for setting up Catchment Boards for drainage purposes 
in a large number of watersheds. It was urged upon the Minister 
of Health that pro-vision should be made in the Bill whereby these 
Catchment Boards should be charged -with the duty of deaUng -with 
the question of River PoUution. 

The Government could not see their way to comply with this 
request, but during the passage of the Bill through the House of 
Lords two new sections were added to it. 

Section 56 empowers the Minister of Health, of his o-wn motion, 
and without any appUcation from the councU of any county 
concerned, to make a pro-visional order constituting for a Catchment 
Area (or combination of Catchment Areas) a joint committee or 
other l3ody having any of the powers of a sanitary authority under 
the Rivers PoUution Prevention Act, 1876. 

Section 62 pro^vides that nothing in the Act (the Land Drainage 
Act, 1930) shall prejudice or affect the provisions of the Sahnon 
and Fresh Water Fisheries Act, 1923, and that in the exercise of 
the powers conferred by the Act under notice due regard shall be 
had to the Fishery interests concerned. 

Central Council for Rivers Protection. This CouncU was formed 
at a Conference of representatives of Associations, etc., interested 
in the improvement of the rivers of England and Wales which was 
held at Fishmongers' Hall on 4th AprU, 1930, •with the objects 
inter alia of arrî ving at a common policy on the subject of Rivers 
Pollution Prevention; of putting concerted pressure upon the 
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Government with the object of giving effect to that policy; and 
of keeping the pubUo mind alive to the urgency of the problem. 
In 1932 the Central CouncU promoted a BUI in the House of 

Lords to give legislative effect to the recommendations of the 
Joint Advisory Committee •with regard to the admission of Trade 
Wastes into Sewers. There was no prospect of getting the BUI 
through Parliament, and it was accordktgly withdra^wn. 



CHAPTER XXVII 

ROYAL COMMISSIONS AND SELECT COMMITTEES 

FOB nearly sixty years the question of sewage disposal engaged 
the attention of a long series of Royal Commissions and Select 
Committees. In 1857 a Royal Commission was appointed to 
inquire as to the best mode of distributing the sewage of to-wns. 
They reported in 1858, 1861, and 1865. In their last report they 
said : 

" The right way to dispose of town sewage is to apply it continuously 
to land, and it is only by such application that pollution of rivers can 
be avoided." 

On 26th April, 1864, the House of Commons appointed a Select 
Committee to inquire into any plans for dealing with the sewage 
of the Metropolis and other large towns -with a view to its utilisation 
for agricultural purposes. They performed their task with re
markable expedition, and presented their Report on 14th July 
in the same year. 

The foUo-wing year (1865) -witnessed the appointment of the 
first Rivers Pollution Commission. The Commissioners were unable 
to agree, and a second Rivers PoUution Commission was appointed 
in 1868. This Commission was composed of three members—Sir 
W U h a m Thomas Denison, Sir Edward Frankland, and Mr. John 
Chalmers Morton. The foUo-wing passage from their instructions 
is significant: 

" Although it may be taken as proved generally that there is a 
-widespread and serious pollution of rivers, both from town sewage 
and the refuse of mines and manufactories, and that to-wn sewage 
may be turned to profitable account as a manure, there is not sufficient 
e-videnoe to show that any measure absolutely prohibiting the dis
charge of such refuse into rivers, or absolutely compelling town 
authorities to carry it on the lands, might not be remedying one 
e-vil at the cost of an e-vil still more serious in the shape of injury to 
health and damage to manufacturers." 

The Commissioners made six reports, the last of which, issued 
in 1874, is largely concerned -with sources of water supply. Re
ferring in this report to the three methods of sewage treatment 
then in use, viz., chemical precipitation, intermittent filtration, and 
broad irrigation, they said : 

" (1) All these processes are, to a great extent, successful in remov
ing poUuting organic matter in suspension. But intermittent 
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filtration is best, broad irrigation ranks next, and the chemical 
precipitation processes are less efficient. (2) But for remo-ving organic 
matters in solution the processes of do-wnward intermittent filtration 
and broad irrigation are greatly superior to upward filtration and 
chemical processes." 

In 1869, whUe the Rivers Pollution Commission were stUl pur
suing their investigations, another Royal Commission was appointed 
to inquire into the operation of the sanitary laws outside the 
MetropoUs. As the result of their second Report, which was 
issued in 1871, the Local Government Board was constituted the 
same year. 

For more than a hundred years the increasing pollution of the 
river Thames has given rise to grave anxiety. Between 1821 and 
1834 it formed the subject of investigation by half a dozen Com
missions. Another Commission was appointed in 1882 to inquire 
into and report upon the system under which sewage was discharged 
into the Thames by the Metropolitan Board of Works. They 
found that evUs did exist " imperatively demanding a prompt 
remedy," and that by chemical precipitation a certain part of the 
organic matter of the sewage would be removed. They reported, 
however, 
" that the liquid so separated would not be sufficiently free from 
noxious matters to allow of its being discharged at the present out
falls as a permanent measure. It would require further purification; 
and this, according to the present state of knowledge, can only be 
done effectually by its application to land." 

Since the pubUcation (in 1884) of the final report of the Metro
pohtan Sewage Commission, the Local Government Board adopted 
the practice of requiring, save in exceptional cases, that any scheme 
of sewage disposal for which money was to be borrowed •with their 
sanction should provide for the appUcation of the sewage or effluent 
to an adequate area of suitable land before its discharge into a 
stream. 

In many parts of the country, unfortunately, suitable land was 
unobtainable, and urgently needed schemes of sewerage and sewage 
disposal were held up by the impossibUity of fitnding land to meet 
the requirements of the Board. In other cases, in the attempt 
to meet these requirements, large sums of money were wasted in 
the purchase of land which turned out to be quite unsuitable. 
The County Medical Officer for Shropshire, reporting in 1905 on 
the sewage works in the County, said : 
" Perhaps what has done more than any other single cause in 

this Co^unty to produce inefficient and expensive sewage works is the 
insistence by the Local Government Board that all effluents from the 
filter beds shall be irrigated on land. The result is in several instances 
that considerable pieces of land, worthless for this purpose, have been 
bought at high prices. As the land in these instances was relied upon 
to aid in the puriflcation of the sewage, the artificial means of puri-
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flcation pro-vided have proved to be insufficient, and in this way 
expensive and inefficient schemes have resulted." 

And Shropshire is by no means exceptionally badly off as regards 
land. 

In 1898, so grave had the position become that another Royal 
Commission was appointed, -with the Earl of Iddesleigh as its 
Chairman, to reconsider the question of sewage disposal in all its 
bearings. The Commission was instructed : 

" To inquire and report: 
" 1.-—(1) What method or methods of treating and disposing of 

sewage (including any liquid from any factory or manufacturing 
process) may properly be adopted, consistently -with due regard for 
the requirements of the existing law, for the protection of the 
public health, and for the economical and efficient discharge of the 
duties of local authorities; and 

" (2) If more than one method may be adopted, by what rules, 
in relation to the nature or volume of sewage, or the population to 
be served, or other varying circumstances or requirements, should 
the particular method of treatment and disposal to be adopted be 
determined; and 

" 2 . To make any recommendations which may be deemed 
desirable •with reference to the treatment and disposal of sewage." 

The Commissioners lost no time in getting to work. They 
appointed a strong staff of scientific officers, and examined several 
hundred •witnesses who were concerned in one way or another •with 
the purification of sewage. They inspected a large number of 
representative sewage works throughout the country, and carried 
out many important experiments of their o-wn. They issued ten 
reports, the last of which appeared in 1915, and no fewer than 
twenty-two supplementary volumes. The foUo-wing list indicates 
briefly the subject-matter of each report. 
First (or Interim) Report (1901). (Preliminary.) 

Second Report (1902). Submitting various reports by Officers of 
the Commission. 

TMrd Report (1903). The Relations between Local Authorities 
and Manufacturers in Regard to the Disposal of Manufacturing 
Effluents. The Setting up of a Central Authority. 

Fourth Report (1903). The PoUution of Tidal Waters. 
Fifth Report (1908). Strength of Sewage : Modes of Purifica

tion and Standards for Effluents. 
Sixth Report (1909). Disposal of Liquid Refuse from 

DistiUeries. 
Seventh Report (1911). Nuisances Due to Excessive Gro-wths 

of Green Seaweeds in Polluted Estuaries. 
Eighth Report (1912). Standards and Tests for Sewage and 

Sewage Effluents. 
Ninth Report (1916). Disposal of Manufacturing Wastes. 

Disposal of liquid and SoUd Domestic Refuse in Rural Areas. 
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Tenth and Final Report (1915). General Summary of Con
clusions and Recommendations. 

The First, or Interim, Report is a short one, but it contains two 
very important conclusions : 

" Conclusion 1. We doubt if any land is entirely useless, but in 
the case of stiff clay and peat lands the power to purify sewage seems 
to depend on the depth of the top soil. 

" There are, of course, numerous gradations in the depths of the 
top soil which are met with in nature, and it is not easy to draw the 
line between lands which contain a sufficient depth to justify their 
use and lands which do not. 

" W e are, however, forced to conclude that peat and stiff clay lands 
are generally unsuitable for the purification of sewage, that their use 
for this purpose is always attended with difficulty, and that where 
the depth of top soil is very small, say six inches or less, the area of 
such lands which would be required for efficient purification would in 
certain cases be so great as to render land treatment impracticable." 

" Conclusion 2. After carefully considering, however, the whole 
of the e-vidence, together with the results of our own work, we are 
satisfied that it is practicable to produce by artificial processes alone, 
either from sewage or from certain mixtures of sewage and trade 
refuse (such, for example, as are met -with at Leeds and Manchester), 
effiuents which will not putrefy, which would be classed as good 
according to ordinary chemical standards, and which might be 
discharged into a stream without fear of creating a nuisance. 

" W e think, therefore, that there are cases in which the Local 
Government Board would be justffied in modifying, under proper 
safeguards, the present rule as regards the application of sewage to 
land. 

" No general rule as to what these safeguards should be can be laid 
down at present, and indeed it will, probably, always be necessary 
that each case should be considered on its own merits." 

In view of these conclusions, the Local Government Board, 
while regarding the so-called " artfficial" processes as to a certam 
extent experimental, felt justffied in sanctioning loans for the treat
ment of sewage by these processes alone. The -withdrawal of the 
insistence on land treatment gave a great stimulus to the con
struction of sewage purffication works, and land treatment is now 
rarely provided for. 

While the findings of the Royal Commission were generally 
welcomed as putting an end to a situation which had become 
intolerable, there were just a few to w h o m they were very un
palatable, and who used every effort to disparage the new methods 
of which the Commissioners had approved. With the object of 
arousing prejudice against these methods, they were denounced 
as " artfficial," land treatment, on the other hand, being held up as 
the only " natural" mode of puriflcation. The distinction thus 
sought to be dra-wn is of course unreal and misleading, for the 
agencies which are employed in the so-called " artificial " processes 
are identical -with those which operate on a sewage farm. And 
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even as regards the way in which they are used, there is not so great 
a difference as the advocates of sewage farms would have us believe. 
Land is undoubtedly the natural receptacle for the refuse of the 

animal world; and, if we were content to live the life of primitive 
man, we might safely throw upon the soil the duty of deahng with 
our lea-vings. But it does not follow that this is the natural way 
to deal -with to-wn sewage. It is not a natural thing to concentrate 
the excrement of several thousand people upon a few acres of land. 
It is still less a natural proceeding to swamp this land daily with 
several thousands of tons of dirty water in addition. And when, 
as so often happens, suitable land cannot be obtained, other accom
modation must be pro-vided in which Nature may carry on her work. 

The Commissioners, in their reports, deal exhaustively -with the 
various processes then in use. From the point of view of the 
sewage works engineer, the Fifth Report is by far the most important. 
It describes the methods of purffication which have proved useful 
in practice; it points out their relative advantages and dis
advantages ; it compares them in point of cost, and indicates the 
circunistances in which each may properly be employed; it lays 
do-wn useful rules for determining the sizes of tanks and filters and 
the area of land of different kinds required for the treatment of 
sewage and sewage effluents ; it deals fully "with the difficult problem 
of sludge disposal and discusses a number of incidental questions. 
The design of sewage purification works m this country is largely 
based on the recommendations contamed in this Report. These 
recommendations are dealt with later, in connection -with the various 
branches of the subject to which they relate. 

Another volume of great interest and value- is Appendix II to 
the Fifth Report, which summarises the evidence of the -witnesses 
on a number of questions on which there are differences of opinion. 
The answers to many of these questions are contradictory, for the 
-witnesses had approached them from different points of view and 
worked under different conditions. The treatment of sewage is a 
complex and difficult problem, and it is not easy to get results 
which are strictly comparable. 

The Reports, -with the supplementary volumes which accompany 
them, constitute a veritable encyclopsedia on sewage disposal, as 
understood in 1915. But the art of purifying sewage has not stood 
still. Important developments were even then taking place which 
bade fair to revolutionise the treatment of sewage. It is unfortunate 
that the Commissioners had to relinquish their task so soon; but 
it did seem at that time as U the purification of sewage had at last 
become standardised. 

Research. In a paper read before the Institute of Sanitary 
Engineers in 1913 I put forward a plea for scientffic research in the 
field of sewage purification. M y plea, was strongly supported by 
many of the leading authorities on the subject, includmg the late 
Sir WilUam Ramsay, himself a distinguished member of the Royal 
Commission. The Commissioners themselves, in report after report, 
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had urged the creation of a Central Authority competent to under
take this work, but for a long time their recommendations were 
disregarded. At length, in 1927, an influential deputation from the 
British Waterworks Association and other interested bodies waited 
on the late Lord Balfour, then Lord President of the CouncU, and 
urged upon him the need for effective action. Lord Balfour, in the 
course of his reply, informed the deputation that the Government 
had decided to pro-vide money for the purpose of research. 

In pursuance of this promise, the Joint Advisory Committee on 
River Pollution and the Water Pollution Research Board have been 
estabhshed. The Minister of Agriculture and Fisheries had already, 
a few years before, set up a body known as " The Standing Com
mittee on River Pollution." 
The Water PoUution Research Board, which is a branch of the 

Department of Scientific and Industrial Research, lost no time in 
putting in hand a programme of research in connection -with water 
supply, sewage disposal, and the disposal of industrial effluents. 
They also set on foot a " Summary of Current Literature " bearing 
on these three branches of work. Their Summary for 1933 contains 
no fewer than 1544 abstracts from books and articles pubUshed 
at home and abroad. 

The Association of Managers of Sewage Disposal Works (now the 
Institute of Sewage Purffication) have recently taken the matter 
of research in hand, and aUotted to some of their members who 
possess the necessary facUities the investigation of different branches 
of the subject. 
W h U e the scientffic study of the problem of sewage disposal has 

been too long neglected in this country, it has for nearly haK a 
century engaged the attention of the Massachusetts State Board 
of Health. Since 1887 they have carried on at their La-wrence 
Experiment Station a systematic investigation of the various 
modes of purffication, and their reports, in which the results are 
set forth in great de-taU, have been eagerly studied wherever the 
purffication of sewage has been carried on. 



CHAPTER XXVIII 

DISPOSAL BY DILUTION 

THBEB are two ways whereby sewage can be disposed of : by 
discharge into a body of water or by absorption into the ground. A 
to-wn which is situated by the sea or on a great river can often 
discharge its sewage in a crude state. This mode of disposal is 
kno-wn as " disposal by dUution." Where the discharge takes 
place under proper conditions, the sewage is not merely got rid of : 
it is also effectively purffied. For the purffication of sewage consists 
essentiaUy in the oxidation of the dissolved poUuting matter : 
the impurities are brought into chemical combination with oxygen 
to form stable and inoffensive compounds. 
The necessary oxygen may be obtained from chemicals, such, 

for instance, as the permanganate or bichromate of potash, but these 
substances are very expensive, and they are rarely used outside 
the laboratory. Manganate of soda was employed on a large 
scale by the late Metropohtan Board of Works to prevent putre
factive changes in the effluent which they discharged into the 
Thames. This, however, was merely an emergency measure, and 
in the everyday work of sewage disposal the oxygen, which is used 
to purify the sewage is derived from the air, or from water containing 
oxygen in solution. The oxidation effected in this way is termed 
a " moist combustion." 
Clean river water at a temperature of 60° F. contains about 

one part by weight of dissolved oxygen per 100,000, or 5 cubic 
inches in every 3 gaUons. Salt water contains rather less. The 
lower the temperature of the water the more oxygen can it hold in 
solution, and vice versa. In the presence of this oxygen, the 
bacteria and other forms of life in the water feed on the impuri
ties of the sewage, and convert them into new and inoffensive 
compounds. 
Water which contains all the oxygen which it is capable of dis-

sol̂ ving is said to be " saturated." The oxidation of polluting 
matter tends to deoxygenate the water, and if the pollution is 
gross and the water is stagnant, the latter may be robbed of all its 
oxygen. The supply of oxygen is, however, constantly being re
plenished—slowly if the water is stUl, but more quickly if its surface 
is broken into ripples or waves or if it flows over rapids, or falls over 
a weir. 
Self-Purification of Rivers. Sixty or seventy years ago there was 
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a lively controversy, to which reference has already been made 
(p. Ill), as to the self-purifjdng power of a poUuted river. It was 
asserted on the one hand that the organic matter contained in 
sewage and other polluting liquids was rapidly oxidised during the 
flow of the river into which it was discharged, and on the other hand, 
that there was no river in the United Kingdom long enough to 
effect the destruction of sewage by oxidation. 

The truth, as usual, Ues somewhere between these two extremes. 
Where the conditions are favourable, sewage can undoubtedly be 
purifled by admixture with a sufficient volume of clean, thoroughly 
oxygenated water, and this is the most effective, the least offensive, 
and by far the cheapest method which can be employed. Unlike 
every other mode of purification, its success does not depend upon 
human control. 
In applying this method certain essential conditions must be 

observed. There must be sufficient diluting water to supply the 
requisite amount of oxygen; the sewage and the diluting water 
must be quickly and thoroughly mixed together; and the currents 
past the outfaU must be strong enough to prevent the deposition 
of solids. If all these conditions camiot be complied -with, the 
sewage must be subjected to some form of preliminary treatment 
before its discharge. H o w far this treatment should be carried 
will depend on the relative volumes of the sewage and the diluting 
water. 

The Royal Commission were of opinion that a " standard 
filtered effluent" requires 8 volumes of dUuting water and an 
average septic tank effluent 98 parts. With a dUution of more 
than 500 volumes they considered that all tests might be dispensed 
with and crude sewage discharged, subject to such conditions as 
to the provision of screens or detritus tanks as might be called 
for by the Central Authority which they proposed to set up. It 
will nearly always be necessary to settle or screen out the grosser 
solids which would float on the surface of a river or form deposits 
on its bed. 
The question of dilution has also received close consideration 

from a strong Committee of American Engineers appomted by the 
American Public Health Association. They reported that " a 
stable dUution for municipal sewage may be obtained with from 
4 to 6 second-feet (240 to 360 cubic feet per minute) of relatively 
clean water per 1000 people contributing sewage . . . the desirability 
of removing the coarsest suspended matter being governed by local 
conditions." With a sewage of 30 gallons per head per day the 
500 volumes suggested by our o-wn Royal Commission are equivalent 
to 1667 cubic feet per minute per thousand people. Their recom
mendation would appear therefore to be framed on conservative 
lines. 

The question of how far a river is able to effect its own purifica
tion is now being investigated by the Water Pollution Research 
Board : 
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" Under certain conditions," they observe, " rivers purify them
selves. The extent to which it is necessary to purify sewage and 
trade effluents before they can be safely adroitted to a river depends 
not only on the amount of the river water available for diluting them, 
but also on the action of the water on the various effluents. These 
questions are being carefully studied by the Board through the 
scientific survey of the pollution of the River Tees." 

Many cities and to-wns in Germany and America are situated 
on the banks of large rivers which are well able to purify their 
sewage, but the sewage is usually passed through fine screens 
before its discharge. On the shores of the great lakes which di-vide 
the United States from Canada there are many important cities 
which, -with a single exception, discharge their sewage into the lakes. 
In many cases it is merely passed through fine screens; in some 
it is also sterUised ; in few is there any further treatment; and the 
whole duty of dealing with the dissolved impurities is usually thro-wn 
upon the water of the lakes. 

Chicago Drainage Canal. The exception above referred to is 
that of Chicago, which presents some very interesting features. 
Ninety years ago Chicago was a village of 4000 people, situated on 
the west shore of Lake Michigan. It now has a population of over 
three miUions, and it is still growing rapidly. Its water supply is 
pumped from the lake, and untU comparatively recently its sewage 
was discharged by many outlets into the Chicago River, a small 
sluggish stream which formerly ran into the lake close to the centre 
of the City. The discharge of sewage into the same body of water 
from which the city drew its water supply might well appear in
conceivable to anyone unacquainted with the immensity of the 
Great Lakes. But if Lake Michigan were emptied to-day it would 
take something Uke 180 years to fill up again. And so for a time 
Chicago obtained from the lake a supply of great organic purity. 
But as the city grew, the sewage from the river gradually pushed its 
way out into the lake untU it reached the intakes, and typhoid fever 
became alarmingly prevalent. The tunnels through which the water 
is dra-wn were accordingly lengthened; one of them extends to a 
distance of four mUes from the shore. Again for a time all went 
well; but again the sewage made its way out to the intakes. 

At length Chicago grew tired of the hopeless struggle, and de
cided to end it once and for all. The water had stUl to be drawn 
from the lake, for no other source was avaUable, but the sewage 
has been taken out of it. The fiow of the river has been reversed. 
Instead of its running into the lake, the lake now runs into the river. 
For to the west of Chicago runs the Desplaines River, a branch of 
the Bhnois River, which in turn is a tributary of the Mississippi. 
The intervening ridge rises to no great height above the lake. 
Through it a canal has been cut, 28 miles in length, 22 feet deep, 
and -with a bottom width ranging from 110 to 2Q1 feet. Through 
this canal the flow of the Chicago River, and -with it the sewage 
of the city, has been diverted, together -with something hke,half a 

T 
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milUon cubic feet per minute (sixteen times the dry-weather volume 
of the Thames at Hampton) of diluting water drawn from Lake 
Michigan. As the result of this great work, the Chicago River, 
laden -with the sewage of the city, no longer flows through the 
Great Lakes and down the St. Lawrence River to the Atlantic, 
but finds a new outlet, a thousand mUes to the south, into the Gulf 
of Mexico. 

It was confidently hoped that the Drainage Canal woiUd provide 
a complete and final solution of Chicago's sewage problem; but 
unfortunately this expectation has not been reaUsed. The menace 
to the water supply was removed; but the sewage was not purified. 
Early in 1914 Mr. J. D. Watson and I, -with Dr. George Soper, of 
N e w York, were called in to report on the joint problem presented 
by the water supply and the sewage disposal of Chicago. W e 
inspected the Chicago River, the Drainage Canal, the Desplaines 
River, and the HUnois River far down towards the Mississippi; 
and as far as Ottawa, 85 mUes from Lake Michigan, we found the 
water offensively poUuted -with sewage. 

MeanwhUe complaints were made in various quarters of the 
abstraction of so large a volume of water from Lake Michigan. 
It was alleged that the navigation of the Great Lakes and their 
connecting rivers and canals was interfered -with, and the Secretary 
for War, who has jurisdiction in matters of navigation, issued an 
order linaiting the quantity of water to be diverted from the lake 
to a quarter of a mUlion cubic feet per minute. The Chicago 
Sanitary District (the authority responsible for the construction 
and management of the Canal) appealed against this decision, but it 
was upheld by the Supreme Court. The Sanitary District were 
not unprepared for this result. For many years they had been 
carrying out experiments -with a view to arriving at the modes of 
purification best suited to their needs. They have now laid do-wn 
some of the largest and most up-to-date sewage works in the world. 
Disposal by dilution is not necessarily a cheap method. The 

Chicago Drainage Canal, including its incidental works, has cost 
some £25,000,000. 

Artificial Lakes. Sewage may also be purffied by admixture with 
a large body of stUl water. In a state of rest the hea-vier suspended 
matter settles to the bottom and the suspended and colloidal matter 
undergoes a natural flocculation. In the presence of Ught and the 
oxygen derived from the atmosphere and from aquatic plants a 
process of biological self-puriflcation takes place. 

A striking demonstration of purffication by this means is afforded 
by the work of the Ruhr Federation. The River Ruhr supphes 
about a quarter of the water which is consumed in the whole of 
Germany. It receives the sewage from all the to-wns in the valley 
and the Uquid wastes from the various important industries which 
are carried on in it. The Ruhr Federation are responsible for keeping 
the river in such a state that the water from it may be clean and fit 
for use. 
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The Federation decided some years ago to form a series of eight 
lakes along the lower course of the river in which the natural bio
logical processes should be utilised. D o w n to April 1934 three 
of these lakes have been constructed, the first being at Hengstey, 
below the confluence of the Ruhr and the Lenne. This lake is 
nearly three miles long and a quarter of a mile across at the -widest 
part. It contains about 620 mUUon gallons, and at periods of mean 
flow it affords a detention period of 34 hours. 
The Hengstey lake has been in use for flve years, during which 

it has been kept under close observation. Of the two rivers which 
flow into it, the Lenne is the more polluted, and the iron wastes 
which the Lenne contains have a- flocoulent action on the domestic 
sewage and trade wastes in the Ruhr. Sludge is thus precipitated, 
and settles out in the upper part of the lake. The mechanical 
purffication thus affected amounts to 94-5 per cent. The phenol 
content of the water is reduced by 54 per cent., the total bacteria 
by 50 per cent, and the B. coli by nearly 60 per cent. The fish 
which were placed in the lake have increased in numbers, and the 
fishing conditions in the river below have improved. 

Attempts were made, -without much success, to dredge the settled 
sludge from the bottom of the lake. It is now allowed to accumulate 
for a year, and sent do-wn the river at periods of very high water. 

At the outlet from the lake there is a fall of 15 feet, which is 
utUised in a turbine electrical plant. The current generated, 
when not required for use elsewhere, is employed to pump water 
from the lake into a reservoir on the hUl-top, some 525 ft. higher, 
from which it runs down to generate current at the hours of greatest 
demand. 

The possibiUties of the lake as a pleasure resort and sports ground 
are fully developed, facUities being pro-vided for bathing, sun
bathing, swimming, boating, and fishing. 
It is hard to conceive of a river valley in this country being trans

formed as that of the Ruhr has been, but there are doubtless cases 
where the same thing might be done on a more modest scale. There 
are many valleys where a lake Uke that at Hengstey would be of 
great value in the prevention of floods. 

Sea OutfaUs. W e have in this country no large rivers and no 
lakes comparable -with the Great Lakes of North America. The 
opportunities for disposal by dUution are practically limited, there
fore, to to-wns which are situated on large tidal rivers or on the sea 
coast. And even in such cases it is not always wise to discharge 
the sewage •without some form of treatment. Many deaths have 
been caused by eating oysters taken from beds in the neighbourhood 
of a sewage outfall; it is manifestly -wrong to discharge crude 
sewage near a bathing-beach ; and unless, as at Torquay, there is a 
constant current seaward past the outfall, there is always the risk 
that floating soUds wUl be washed ashore. In most cases, therefore, 
it -wUl be advisable to keep back at least the grosser soUds. 

This m a y be done by passing the sewage through screens, but it 
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is often difflcult to find a suitable place for these, and still more so 
to remove and dispose of the screenings. At Bournemouth the 
latter difficulty has been overcome by passing the sewage through 
" disintegrators," or centrifugal pumps specially designed to break 
up all the soUds into particles so small as to be unrecognisable. 
So effective are these that the flocks of seagulls which used to feed 
on the floating soUds have disappeared. 

It -wUl often be more convenient to pass the sewage through 
a septic tank, in which the soUds -will be detained and digested, 
the undigested residuum being sent down the outlet pipe during the 
-winter storms. This course has the advantage that the tanks m a y 
be placed underground, wherever m a y be most convenient, -with 
nothing showing on the surface to call attention to their presence. 
At Cromer, for instance, they are under the promenade, and during 
the summer thousands of visitors pass over them every day -without 
even suspecting their presence. Care should be taken in selecting 
the point of discharge, for a sewage effluent is Ughter than salt water, 
and -will quickly rise to the surface, where, if left undisturbed, it -wUl 
form a distinct layer, and even U it contains no recognisable sohds, 
its presence -wUl often be betrayed by a greasy fllm, or " sleek." 

A n unusual case occurred on the East Coast some thirty years 
ago. The sewage from a seaside to-wn was passed through septic 
tanks, which were below high-water level. The effluent from the 
tanks was received in storage tanks and discharged at low tide. 
The subsoil contained a good deal of copperas, some of which 
found its way into the sewers, and so into the septic tanks, in which 
it was reduced, -with the formation of sulphide of iron, which 
blackened the effluent. The water into which the latter was dis
charged was often still, -with the result that the effluent rose to the 
surface, where it formed a very noticeable black patch 60 or 70 
yards in diameter. 

At BeUast much trouble was experienced from the gro-wth in 
the Lough, into which the sewage is discharged, of enormous 
quantities of ulva latissimu, or " sea-lettuce." This weed, when 
dead, decomposed, giving rise to a far greater nuisance than could 
possibly have been caused by the sewage itself. The latter was 
then discharged in a crude state, but even had it been purified this 
would not have done away -with the nuisance, for the organic 
nitrogen would merely have been converted into nitrates, upon 
which the ulva would have fed. A similar difficulty, though not so 
serious, was experienced in Dublin Bay. 

The late Professor Letts, of Queen's College, Belfast, in his 
evidence given before the Royal Commission on Sewage Disposal, 
made the following observations on the discharge of sewage into 
sea water : 
" 1. Under no circumstances is a nuisance likely to arise from sea 
water contaminated -with sewage up to 1 per cent. 
" 2. In such a mixture a rap'id action ocour's between the dissolved 

oxygen of the sea-water and the constituents of the sewage, whereby 
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part of the carbon of the latter is evolved as carbonic anhydride, 
and, broadly speaking, this latter is equivalent in amount to that of 
the dissolved oxygen disappearing. 
" 3. In mixtures of sea-water and 1 per cent, sewage, the changes 

occurring in the nitrogenous constituents of the sewage, as measured 
by free and albuminoid ammonia and the nitrates, are very slow. 
In no case has the whole of the free artunonia nitrified even after the 
lapse of an interval of twenty-one months; on the contrary, com
plete denitriflcation had then occurred. 
" The fluctuations in the amounts of free ammonia, albuminoid 

ammonia, and nitrates are very possibly due to the growth of lower 
forms of plant and animal life, in addition to bacteria." 

Where the levels permit, and where there is always a seaward 
current past the point of outfall, the sewage may be discharged 
continuously; but these conditions are rarely met with, at all 
events in the case of large towns, and U they are not both compUed 
-with the sewage -wUl either have to be pumped or stored for several 
hours and discharged on the fall of the tide. The necessary storage 
capacity may be provided either by buUding tanks or by an enlarge
ment of the outfall sewer. The former course is usually preferable, 
for tank sewers are expensive, and the solids which deposit in 
them when the sewage is stagnant are not easUy removed. Whatever 
mode of storage is adopted, adequate ventilation should be pro-vided, 
for there is no more fruitful cause of complaint in seaside towns than 
the foul air from tide-locked sewers. 
The greatest care should be taken in choosing the point of outfall, 

and it -wUl usuaUy be necessary to ascertain the direction of the 
currents at all states of the tide by means of a series of float experi
ments. Account should also be taken of the possibihty that 
floating soUds may be driven ashore by the wind. 
Before laying an outfall pipe across a foreshore the sanction of the 

Board of Trade must be obtained. The laying of such a pipe is a 
difficiUt and expensive work, and unless it is securely anchored it 
•will be liable to be carried away by storms. 



CHAPTER XXIX 

SEWAGE FARMS 

THE earhest attempts to deal with sewage were by apphcation 
to land, less, however, -with a view to its purffication than to the 
utiUsation of its fertilising constituents. For nearly two centuries 
the sewage from part of the city of Edinburgh was appUed to the 
Craigentinny meadows, producing from four to six luxuriant crops 
of grass every year on what was formerly barren sand. Notting
ham, Northampton, Croydon and Aldershot had large and well-
managed sewage farms, and " water-meadows," large and small, 
were found all over the country. Paris had 4000 acres and Berlin 
nearly 23,000 acres of sewage farms. 

Dr. Ing. Erich Weise, in an article which he contributed to the 
Gesundheits Ingenieur in 1934, says that the area used for sewage 
farming at BerUn has been increased dm-ing the past fifty-five years 
from 1975 to 56,800 acres (nearly 90 square miles). H e considers 
it of primary importance that the fertiUser value of sewage be used 
to aid in the agricultural independence of Germany. 

The promoters of the early sewage farms did not have it all 
their o-wn way. Too often they encountered the most -violent 
opposition, and every attempt was made to play upon the fears of 
the pubhc. At the Social Science Congress held at Bristol in 1869 
Dr. Alfred Carpenter drew a vivid picture of the tactics which were 
then employed to hinder the estabhshment of sewage farms. 
Experience, however, showed that with reasonable care sewage 
might be appUed to land without nuisance or injury to health. 

Methods. There are two ways in which land is used to purity 
sewage : the sewage m a y filter down through the land, or it m a y 
merely run over its surface. Which of these two methods shall 
be used is not a matter of choice, but will depend on the physical 
nature of the ground. A clay soil is practically impermeable, 
and all that can be done with such land is to run the sewage over 
the surface and catch it by means of gutters formed along the 
contours, and redistribute it again and again. This was done for 
many years at Leicester, where very satisfactory results were 
obtained. This mode of dealing with sewage is kno-wn as " broad 
irrigation," or simply as " irrigation." 

The alternative method—"filtration "—is practicable only where 
the texture of the soU is sufficiently open to permit the sewage to 
pass through it. The purffied sewage, or "effluent," m a y either 
soak away in the subsoU or be caught by under-drains and dis
charged into a stream. 
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In both cases the object in view is the same, viz. to bring the 
impurities in the sewage into contact -with the bacteria of the 
soil. The upper layers of the soil teem -with bacteria—Dr. Vivian 
Poore caUed it " The Living Earth "—and it is by them, and by 
them alone, that foul organic matter is purified and rendered 
harmless. The subsoU, on the other hand, is comparatively sterile 
and incapable of purUying sewage. It is therefore a mistake to 
form the land into terraces, as is sometimes done, unless the barren 
subsoU is re-covered with surface soil. 

Where it is desired to avoid the exposure of sewage on the sur
face of the land, the sewage, after passage through a septic tank, 
m a y be delivered into lines of open-jointed 4-inch agricultural 
pipes laid, at a depth of about a foot and butted tight together. 
The pipes must be level from end to end, so that the whole of the 
Uquid m a y not run do-wn to the lowest point. The quantity of 
sewage which m a y be disposed of in this way -will depend on the 
nature of the soU, but if this is fairly porous, each foot of pipe 
-wiU get rid of something like a gaUon of tank effluent per day. 
This method is hardly suitable for use on a large scale, but m a y be 
employed with advantage for isolated houses or groups of cottages. 

Land differs -widely in its abihty to purify sewage. If the soil 
is very open, the sewage m a y pass through it faster than it can 
be purffied. The best land for the purpose is a sandy loam, restmg 
on gravel or sand. The worst is probably a stiff clay. Peat is all 
but useless ; and chalk, while not unsuitable in itself, is dangerous 
because of its liabUity to contain fissures through which imperfectly 
purffied sewage m a y reach the source of a water supply. 

It is generaUy advisable to keep back the soUds which might 
cause a nuisance or clog the pores of the ground, and for this purpose 
the sewage is often screened, and sometimes passed through sedi
mentation tanks. In some cases the sewage is also filtered, but 
where this is done the bulk of the purification is usually effected 
by the filters, and the land is merely relied on to give a finishing 
touch to the effluent. The area of land required in any particular 
case -wUl depend on the nature of the soil and whether or not 
the sewage is sent on to it in a crude state or after some form of 
preliminary treatment. 

Area Required. The Royal Commission state in their Fifth Report 
that 
" The total acreage of a farm must be relatively much greater 

when the sewage is purffied by surface irrigation than when the naethod 
of filtration is employed, and a larger percentage surplus area is also 
desirable in the former case. W e are not able to lay down any rule 
as to what the ratio of surplus acreage to total acreage should be, 
but generally speaking, a large surplus area is ad-visable." 

McGowan, Houston, and Kershaw made a special report to the 
Commissioners on the land treatment of sewage, in which they say: 
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" To summarise all our results within the limits of a few sentences 
is impossible, but we may say in conclusion, and speaking in general 
terms, that we doubt whether even the most s.uitable kind of soil 
worked as a filtration farm should be called upon to treat more than 
30,000 to 60,000 gallons per acre per 24 hours at a given time (750 
to 1500 persons per acre); or more than 10,000 to 20,000 gaUons per 
acre per 24 hours, calculated on the total irrigable area (250 to 500 
persons per acre). ITurther, that soU not well suited for_puriflcation 
purposes, worked as a surface irrigation or as a combined surface 
irrigation and filtration farm, should not be called upon to treat 
more than 5000 to 10,000 gallons per acre per 24 hours at a given time 
(125 to 250 persons per acre); or more than 1000 to 2000 gallons per 
acre per 24 hours, calculated on the total irrigable area (25 to 50 
persons per acre) 

" It is doubtful if the very worst kinds of soil are capable of dealing 
satisfactorily even -with this relatively small volrune of sewage. The 
population per acre is calculated on 40 gallons of sewage per head per 
day. It is here assumed that the sewage is of medium strength, 
and is mechanically settled before going on to the land." 

The Commissioners, in their Fifth Report, give the foUo-wing 
table, showing the volume of settled sewage which can be dealt 
•with per acre per day by different classes of land •with different 
methods of working. 

TABLE XXXV. 

Area of Land Required. 

Class of soil and subsoil, and 
method of -w-orking. 

Class I. All kinds ofgood soil and 
subsoil, e.g. sandy loam over
lying gravel and sand. 

(o) Filtration -with cropping 
(6) Filtration with little 

cropping . 
(c) Surface irrigation 'with 

cropping . 
Class II. Heavy soil overlying 
clay subsoil. 

Surface irrigation with crop
ping . . . . 

Class in. Stiff clayey soil over
lying dense clay. 

Surface irrigation with crop
ping . . . . 

Gallons of 
settled sewage 
per acre per 

day. 

12,000 

25,000 

7,000 

5,000 

3,000 

Area required per 
million gaUons per day. 

For sewage. 

acres. 

84 

40 

145 

200 

334 

For sludge. 

acres. 

5 

5 

5 

12 

20 

The capacity of land to deal •with sewage may often be improved 
by under-drainage, but unless the work is properly carried out it 
may do more harm than good. It is rarely advisable to underdrain 
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stiff clay. The subject of land drainage is dealt with in Chapter 
XLIV. 

Crops. In the early days of sewage farms the growing of crops 
was the primary object in view. The best crops for the purpose 
are quick-gro^wing plants like ryegrass, lucerne, mangold--wurzel, 
cabbages, and prickly comfrey, which will stand large doses of 
sewage without detriment. Peppermint is a very profitable crop, 
yielding £16 per acre or even more. Wheat and other cereals are 
generaUy unsuitable, because the ground has to be kept dry for a 
long time before, the seed is so-wn and again while the crop is ripen
ing. Potatoes, too, are not to be recommended. 

The opiiuons -with regard to wUlows are conflicting. They have 
done very well in the West Riding of Yorkshire, but have not been 
so successful elsewhere. Where they are gro-wn it is difficult to 
get at the surface of the ground to keep it clean, but this objection 
m a y be got over to some extent by intercepting the solids before 
the sewage is sent on to the land. Sewage-gro-wn -wUlows are said 
to be brittle. 

Under favourable conditions the growing of crops is an aid to 
the purffication of the sewage, for their roots have the power of 
abstracting impurities from the liquid and rendering it innocuous. 
O n the other hand, where crops are grown there is always a tendency 
to study their interests at the expense of the purification of the 
se-wage, and cropping is accordingly regarded with disfavour except 
where ample land is available. 

Even under the best conditions a sewage farm is rarely a source 
of profit, and most farms in this country are carried on at a loss. 
The Berhn and Paris sewage farms just pay their way, and in 
good years the Melbourne farm yields a small profit. 

Land which is over-dosed -with sewage is Uable to -become 
" sewage-sick." It becomes coated with a slimy sediment or a 
growth of algse, which chokes its pores and renders it incapable of 
purifying the sewage. Land which has become sick can be restored 
only by a prolonged rest, but its recovery may be hastened by the 
gro-wing of suitable crops. Regular periods of rest are advisable 
even for land in good condition. 

The success or failure of a sewage farm depends in a very great 
measure on the way in which it is managed. It is essential, not 
only to appoint a competent manager, but also to give him a 
free hand, unhampered by undue interference from the Sewage 
Committee. 



CHAPTER X X X 

PURIFICATION WORKS 

Choice of Site. Some of the considerations which govern the 
selection of a site for sewage purification works have already been 
briefly touched on (p. 205). The choice of a suitable site is often 
a difficult matter. In addition to such considerations as conveni
ence, level, and configuration of the ground, the question of amenity 
must not be lost sight of. If there are any houses within haK-a-
mile of the intended works, strenuous objections from their o-wners 
and occupiers m a y be expected, and even where there are no houses 
at present, the proposal to lay do-wn sewage works at a particular 
spot often brings to light schemes of building development which 
had never before been heard of. 

Well-designed sewage works, properly managed, are usually 
remarkably inoffensive, and notwithstanding the fierce opposition 
which m a y have been raised to their estabhshment, it is no un
common thing for houses to be subsequently built quite near 
them. 

The possibUity of nuisance should not, however, be lost sight of, 
for sewage which has travelled a long distance through old and 
badly laid sewers is apt to be septic, and certain trade wastes are 
very offensive. O n a warm, muggy day, when the air is stUl, a 
faint smell, which could hardly be called a nuisance, can often be 
detected in the immediate neighbourhood of filters. The exposure 
of screenings or partially digested sludge m a y give rise to legitimate 
complaint. If therefore there is a choice of site, one which is 
remote from houses, if otherwise suitable, should always be chosen 
in preference to a nearer one. It is a -wise precaution to plant a 
belt of shrubs around the works, and in many American cities the 
ground surrounding them is very attractively laid out. 

It m a y be added that the men employed on sewage works are 
usually remarkably healthy, and that there is no e^vidence of any 
exceptional illness or mortality either among them or the sur
rounding residents. , 

Ample land should be acquired to admit of any future extensions 
which may be necessary, and the site should not be liable to fiood. 

Modes of Treatment. The sewage m a y be treated by : 
(a) Irrigation, or filtration through land, as described in the 

pre^vious chapter; 
(6) Settlement in tanks, with or -without subsequent filtration; 

or 
(c) Bio-aeration, or treatment with activated sludge. 

282 
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Each of these modes of treatment has advantages and dis
advantages of its o-wn, and which of them wUl be best in any 
particular case -wUl depend upon circumstances. 

ABBANGEMBNT OB" WORKS 

Where the sewage reaches the works by gravitation, their arrange
ment will usuaUy be governed to a great extent by the position and 
level of the outfall. 11 it is pumped, there -will be more freedom in 
the design of the works. Where the outfaU sewer is long, it -wUl 
sometimes be possible to do away -with the need for pumping the 
sewage by placing the settlement tanks some distance back from 
the outfaU, and gaining the fall for the filters by carrying on the 
tank effluent at the fiattest possible gradient, but it -wUl generaUy 
be more convenient to keep all the works together. Even where 
the dry-weather sewage has to be pumped, it will not be necessary 
to pump the storm-water if an outfall can be obtained for it within 
a foot or two of the level of the mvert of the sewer. 
The sewage may be pumped either before or after passing through 

the settlement tanks. In the latter case it -will be in a better 
condition for pumping, and a separate storage well -will not be 
necessary; but if the outfaU sewer is deep, the excavation for the 
tanks -wUl be expensive, especially if there is much water in the 
ground. The nature of the subsoil should in any case be ascer
tained by sinking trial pits, and if it is water-logged the works 
should be designed accordingly. If the ground slopes steeply, the 
works shoiUd be so laid out as to minimise the amount of excavation, 
and it may be necessary to construct retaining walls to hold up the 
banks. 
In laying out the works, provision should be made for any exten

sions which are likely to be required hereafter, and it -wUl generally 
be advisable to make all the connecting pipes large enough to 
carry the ultimate flow. 
Flow Recorder. In all but the smallest works means should be 

pro-vided for measuring and recording the flow of the sewage. A 
weir and float may be used for the purpose, but the weir must have 
a free fall, to which must be added the maximum depth passing 
over it. A Venturi meter or Venturi flume requires less fall. 
Storm-water Tanks. Where rain-water is admitted to the sewers— 

and it wiU usuaUy be difficult to exclude it altogether—the puri
fication works must be capable of treating sewage and storm-water 
up to three times the dry-weather fiow. Under the rules of the 
Ministry of Health, no untreated storm-water may be discharged 
at the works, so separate provision must be made for dealing with 
all storm-water in excess of the three volumes. 
It was formerly customary to pass the surplus storm-water 

through coarse filters, but these were very inefficient, and quickly 
became clogged ; and the Ministry of Health now call for separate 
storm-water tanks of a united capacity equal to six hours' dry-
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weather flow. This is a mmimum allowance, and there is a gro-wmg 
body of opinion in favour of pro-viding a larger capacity. 

There should be at least two tanks for storm-water, and more 
are desirable. The storm-water should flow through them con
tinuously as long as the flow exceeds three times the dry-weather 
rate but when the flow becomes normal, the Uquid contents ot 
the tanks should be drawn off and treated with the ordmary sewage, 
the tanks being kept empty until they are agam requured. It is a 

Fia. 45.—STOBM-WATEE TAUKS. 

good plan, where the necessary fall can be spared, to place the 
ordinary tanks slightly below the storm-water tanks, so that the 
latter may be emptied into them by gra-vitation. 

I usually make m y storm-water tanks triangular m plan (Fig. 
45), with the inlets at the apices of the triangles and the outlet 
weirs at their bases. With this arrangement the weirs are t-wice 
as long as they would be with rectangular tanks of the same length, 
and the velocity of the flow to them is only half as great, per
mitting very efficient settlement. The outlet weirs should be 
masked by scum-boards. 
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It is convenient to bring the different tanks into use successively, 
so that in the event of a short heavy do-wnpour no more tanks 
may be fUled than are actually required. In the tanks shown in 
Fig. 45 the levels of the inlets to Tanks Nos. 2, 3, and 4 are 
respectively IJ, 3, and 4J inches above that of the inlet to Tank 
No. 1, the outlet weirs of tanks 2, 3, and 4 being 6 inches above 
the inlet to No. 1. The whole of the first rush of storm-water, 
which is usually fouler than the dry-weather sewage, -will therefore 
be received in the fijst tank, which has no outlet weir, and wUl be 
returned to the settlement tanks in due course and treated with 
the ordinary sewage. 

Overfiow Weir. For the purpose of separating the excess storm-
water from that which is to be treated -with the sewage, an over
flow weir must be placed at the outfall. It is usually desired 
that this weir shall come into action as soon as the flow exceeds 
three times the dry-weather rate. 

It is by no means an easy matter to ascertain the level at which 
the weir should be flxed. W h e n an overflow weir is placed on a 
sewer, its height can be readUy arrived at from the appropriate 
tables, as described on p. 93; but these tables are utterly useless 
for the purpose of flxing the height of a weir at the outfaU. This is 
due to the fact that the velocity of the sewage quickens as it nears the 
outfaU, -with the result that the depth of flow at this point is always 
less than it is further up the sewer. The relation between these 
two depths, which is somewhat obscure, was discussed by Coleman 
in a paper contributed by him in 1932 to the Proceedings of the 
Institution of Civil Engineers. 
If the sewage had a free drop at the outfall, it might be possible 

by calculation to arrive at somethmg Uke the proper height 
for the weir; but if it is headed up by a screen it -wiU ob-viously 
be impossible to rely on a weir placed at any level whatever to 
come into action -with a given rate of flow. If the weir is placed 
above the screen, the sewage -wUl overflow whenever the screen 
becomes partiaUy choked, even though the sewage m a y only be 
flo^wing at the dry-weather rate. The Ministry of Health rightly 
object to this arrangement, and the screen is accordingly placed 
above the weir, -with the result that the depth of flow past the latter 
bears no relation whatever to that in the sewer. 

Even if it were possible to place a weir at such a level that it 
would come into operation -with certainty the moment that three 
times the dry-weather rate is exceeded, it is obviously not desir
able that it should do so. In a smaU works the maximum rate of 
flow in dry weather wUl often be three times the average, and the 
discharge of a flushing tank on the outfall sewer would cause an 
overflow even in the absence of rain. The first rush of storm-
water moreover is usually, as the Rivers Pollution Commissioners 
pointed out, fouler than the ordinary sewage, and should therefore 
be treated as such. 

In order that this may be done, sufficient space should be pro-
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vided in the sedimentation tanlis above the ordinary level of the 
sewage to receive the whole flow of the outfall sewer until the 
sewers have been thoroughly scoured and the flow becomes com
paratively clean. The sewage works at Barrhead, near Glasgow, 
were laid out to serve a population of 10,000, the dry-weather flow 
being 200,000 gallons per day. The works were designed to deal 
-with a maximum flow of 400,000 gaUons per day, or twice the 
dry-weather flow. The overflow weir is placed near the inlet end of 
the tanks, 18 inches above the ordinary level of the sewage therem. 
No overflow therefore can take place until the space between this 
level and that of the weir, amounting to 67,500 gallons, has flUed 
up. How long this wUl take depends, of course, upon the rate of 
flow. With six times the dry-weatlier flow coming down the 
sewers, no overflow takes place for two hours; with ten times 
the dry-weather flow the overflow is postponed for one hour; and 
even with a flow at the rate of 3,600,000 gallons per day (eighteen 
times the dry-weather flow) no overflow can take place untU this 
rate has been maintained for half an hour. Although the works 
are only capable of dealing continuously with t-wice the dry-weather 
flow, instead of three times, as is customary in England, they 
afford a far more efficient safeguard against the discharge of un
treated storm-water than if, as is so often the case, the overflow 
weir had come into action as soon as the flow exceeded three times 
the dry-weather rate. Where, as in this case, the reserve capacity 
for storm-water is provided in the ordinary tanks, separate tanks 
for storm-water may often be dispensed -with. 
Where the storm-water is allowed to head up in the sedimenta

tion tanks, the rate of outflow from the latter must, of course, be 
controlled. This may be done either by means of a weir or a sub
merged orifice, or, as at Barrhead, by modules. A weir is the 
least satisfactory apphance for the purpose. An orffice is better, 
because the area of the fiow through it is constant, and does 
not mcrease with the head, as it does in the case of a weir. The 
flow through an orffice varies only as ̂ /h, and that over a flat sill 
as "s/h?. A V-notch is even worse, for the flow through it increases 
as ^/h^. 
With a module, on the other hand, the rate of flow can be con

trolled with absolute accuracy, irrespective of variations in the head. 
Fig. 46 shows a module which was designed for the IsabeUa II 
Canal, near Madrid, and which is described by Scott Moncrieff 
in his " Irrigation in Southern Europe." It consists of a bronze 
plate pierced with a circular hole in which a conoidal plug is sus
pended from a float. The plug is so formed that the area of the 
annular opening which it leaves around it is always proportional 
to the square root of the head on the orffice. The diameter of the 
plug at each level is obtained from the formula D = C-KIRP' — r̂ ] ̂ /2gh; 
where D is the discharge in cubic feet per second, R and r the 
radii in feet of the orffice and the plug respectively, g the force 
of gra-vity (= 32-2), and h the depth in feet of the water over the 
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orffice. The value of the coefficient c has been found by experiment 
to be 0-63. 

Fig. 46 shows the module -with a free discharge, and Scott 
Moncrieff states that its use involves a great loss of head. This, 
of course, is not the case, for a free discharge is quite uimecessary, 
and no fall is required beyond the actual head on the orifice. The 
level of the water below the orffice must be kept constant, which 
is effected at Barrhead by means of weirs placed at the lowest level 
of the sewage in the tanlis. This simple and effective device 
deserves to be better kno-wn. 

Particulars required by Ministry of Health. Where sewage dis
posal works are to be paid for out of a loan, the estimated cost of 
the works must be sho-wn on Form K 29 (p. 211), and the following 
particulars must be given on Form Eng. 9. 

FIG. 46.—^MODULE. 

" Population to be dealt with : Present 
Pro^vided for (Existing works, populations, rates 
of flow, etc., should be entered in black ink and proposed works, 
future pop^ulations, rates of flow, etc., in red ink.) " 

Sewerage System (Separate, partially separate or combined) 
Storm overflows on Sewers: Number Set at d.w.f. 
Discharging into 
Water supplied by Source 

Consumption : {T°a'dr*'° ^?"°''' ^'''' ^"'^'^ ^^ ^^^ 

Dry Weather Flow. 
(a) Present (6) Pro'vided for 

gallons per day Domestic Sewage 
„ „ „ Trade Waste 
„ „ „ Subsoil Water 

Totals (o) (6) 
{a) = gals : p.d. per head of present population. 
(6) = gals : p.d. per head of future population. 
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Principal Waste-producing Trades 
(General information should be given as to the volume and nature of 
the discharges from the different principal trades and as to the periods 
of the day diu-ing which discharges take place.) 
Character of Sewage (Weak, Medium, or Strong) (Copies 

of any recent analyses should be attached stating whether samples 
were averaged or not.) 
H o w sewage delivered at works (pumping or gra-vitation) 
Position of pumps (if any) in system (e.g., on sewers, before or after 

tanlis, etc.) (State overleaf (a) Number of 
pumps and (6) Rated Capacity (gallons per hour) of each.) 
If only part of sewage is pumped, give quantity in gallons per day, 

dry-weather flow. 
Maximum rate of flow to treatment works gals. : per 

day = times d.w.f. Rate of flow at which separation of storm-
water takes place gals. : per day = times d.w.f. 
Minimum rate of flow gals.: per day; gauged at 

on 
Details of Site. 
Total area acres. Whether subject to .subsidence 
Depth of top Soil Nature of subsoil 
Depth to subsoil water ft. summer ft. winter. 
Total Irrigation area available acres, of which 

acres will be used for sewage and acres for storm-water. 
Total area to be used acres = 1 acre for persons or 

for gals, per day, d.w.f. Area underdrained acres. 
Depth to drains. Max ft. Min ft. 
Average distance apart ft. 
Area subjecting to flooding acres. H o w often flooded ? 

Sewage Treatment. 
Detritus Chambers; number Total capacity gals. : 

= times d.w.f. 
H o w is detritus removed ? 
Screening Chambers; number Effective area of screens 

sq. ft. 
Type of screen (fixed or movable, mechanical or manual) 
Width of openings ;.. 
Tanks; number Description Total 

capacity gals. = hrs. d.w.f. 
Filters; number Description Depth of 

medium ft. max.: ft. min. Nature of medium 
Total contents cub. yards = 1 cub. yard for every gals.: 
d.w.f. Size of material (held on inch screen (finest); passed 
by inch screen (coarsest)). 
Humus Tanks; number Description Total 

capacity gals. = hrs. d.w.f. 
Any other treatment for sewage ? 

Storm-Water Treatment. 
Position of separating weirs (above or below screens) 
Lengths of weirs 
Stand-by tanks; number Description 

Total capacity gals. = hrs. d.w.f. 
Any other treatment for storm-water? 
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Sludge Disposal. 

Method of de-watering 
Disposal of dried sludge 
Sludge drying beds; number Total area sq. 

yards = 1 sq. yard for persons. 
Sludge land. Area acres = 1 acre for persons. 

H o w put into land 
Treatment of drainage water 
Effluent discharged into in Watershed of 

river 
Any domestic water supplies affected ? 

Levels, reduced to O.D. 

Invert of mouth of outfaU sewer 
Top water level in tanks 
Level of sludge outlet from tanks 
Top water level of dosing chamber 
Bottom water level of dosing chamber 
Top of ffiters 
Lowest floor level 
Top water level of humus tanks or final filters 
Level of sludge outlet from humus tanks 
Highest part of irrigation area 
Lowest „ „ „ „ 
Invert of mouth of effluent outlet drain 
Water level of stream at effluent outlet, normal 

„ „ max.flood 
Notes :—^Any special features or explanatory notes should 

entered here :— 



CHAPTER XXXI 

MECHANICAL TREATMENT OF SEWAGE 

As pointed out on p. 254, the poUuting matter in sewage is present 
in three different forms^—suspended sohds, dissolved solids, and 
coUoidal matter. A U these impurities have to be dealt -with, and 
each requires a different mode of treatment. The heavier and 
coarser of the suspended sohds may be separated mechanioaUy, 
by settlement or straining through screens. 
Detritus Tanks. The grit, sand, and m u d from the roads m a y be 

settled out in detritus tanks, or grit chambers. The informal 
rules of the Ministry of Health call for two or more such tanks, 
with a united capacity equal to half an hour's dry-weather flow. 

Most Enghsh grit chambers are much too large, -with the result 
that a great deal of the fseces, paper, etc., settles out -with the 
grit. In America much attention has been given to the design.of 
these chambers, and it is considered that m order to get clean grit 
the sewage ought to flow through them at a velocity not less than 
one foot per second. The chambers should be long and shaUow, 
to faciUtate the removal of the grit. 

Where there are several grit chambers they are often all of the 
same size. This makes it impossible to regulate the grit-ohamber 
capacity to correspond -with the rate of flow. If, for instance, 
there are four chambers, all of equal size, the capacity in use can 
only be enlarged fourfold, whereas in time of storm the flow m a y 
increase fifteen or twenty times or more. If, however, the chambers 
are all of the same length and width, but of different depths, say 
6 inches, 12 inches, 24 inches, and 48 inches respectively, it wiU be 
possible to work with any desired capacity from one to fifteen 
times that of the smallest. The fioors of the chambers should 
have a slight fall,, preferably toward the inlets. 

In large works the grit chambers are often equipped with grabs 
for -withdrawmg the hea-vy detritus, but where shaUow chambers 
are used it can readUy be removed by spades. 
A novel form of grit chamber has recently been designed by 

Herr H. Blunk, the Engineer to the Emschergenossenschaft, 
Germany, and has been introduced by him at Bochum. In view 
of the difficulty of maintaining a uniform velocity of flow in any 
horizontal tank, he uses a deep chamber in which the flow is upward 
and the cross-sectional area of the stream is always proportional 
to the quantity of sewage. The tank is circular in plan, with a 
conical bottom, and is divided by adjustable vertical wooden 
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[By Courtesy of Messrs. John Smith tt Co. 

FIG. 47.—SEWAGE SCREEN. 

[Facing p. 290. 
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partitions into a number of concentric compartments. The tops 
of the partitions form weirs, set at shghtly different levels, the 
outermost being the lowest and the inner ones progressively higher. 
The sewage is admitted at the level of the bottom of the cylindrical 
portion of the tanli, and rises slowly upward, overflowing by a weir 
formed on the outer wall. 

W h e n the quantity of sewage is smaU, the whole of it passes 
up through the outermost compartment, the sewage in the others 
remaming stationary. W h e n the flow increases, the level of the 
sewage rises in the effluent chamber, and consequently in the 
tank, bringing the next compartment into use. Further mcreases 
in flow bring the remaining compartments successively into action 
untU the whole tank comes into use. It is found by experiment 
that -with an upward velocity of about one foot in flve seconds, 
the organic matter is carried up, while the sand remains in the 
tank. The grit sUdes do^wn to the bottom of the cone, from which 
it is removed by an air-hft. 

The Dorr Co., of N e w York, have patented a grit chamber with 
mechanical appUances for removing and washing the grit. 

Sewage Separator. A novel contrivance for the separation of 
sewage soUds was introduced by the Septic Tank Co. It consisted 
of a smaU detritus tank from which the Uquid was dra-wn off by a 
number of shaUow troughs or channels covering the greater part 
of its surface. The edges of these troughs, which were all set at 
exactly the same level, formed together a weir of so great a length 
that the Uquid approached them at a velocity very much lower 
than if it were aU dra-wn off by a single weir, the tendency to carry 
off suspended soUds being thus reduced to a minimum. It was said 
that a separator of this kind intercepted a larger proportion of the 
suspended soUds than an ordinary detritus tank and sedimentation 
tank combined. 

Screens. The larger floating soUds can be intercepted by screens, 
which in this country are usuaUy formed of paraUel iron or steel 
bars from | inch to 1 inch or more apart in the clear. At Birming
h a m the bars are 8 inches apart. The screens may come either 
before or after the grit chambers, but are usually better placed 
after them. They should slope at an angle of, say, 60° from the 
vertical, leaning away from the flow. At the top of each screen 
there should be a perforated steel plate or channel on to which 
the screenings may be raked. In large works the screens are often 
equipped -with mechanioaUy-driven rakes, but -with populations 
under, say, 20,000 the quantity of screenings to be dealt with -wUl 
rarely be sufficient to justUy their use. 

Fig. 47 shows a very convenient screen made by Messrs. Smith, 
of Carshalton, consisting of an endless band of wire netting running 
on roUers and driven by a small water-wheel worked by the sewage. 
The screen is cleaned by a revolving brush, which is also driven by 
the water-wheel. A disadvantage of this screen is that the brush 
tends to emulsify the excreta. 
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Small works are better without screens, for they require frequent 
attention, which is not always given. I have more than once 
found the screens totally blocked and the whole of the sewage 
overflo-wing the tops of the walls. 
Wontner-Smith, the Sewage Works Engmeer for Bradford, is 

strongly in favour of dispensing •with screens unless they are abso
lutely necessary. In a paper read before the Institute of Sewage 
Purification in July 1933 he draws attention " to the benefits 
of ehminating the very horrible process of collecting and deaUng 
with screenings, one of the most nauseating and disgusting parts 
of any sewage undertaking." He has lately put into operation a 
scheme for deahng •with the domestic sewage of an Urban District, 
amounting to about half a mUlion gallons per day, which is pumped 
from the low level into his Esholt works. There are no screens, 
and he reUes on detritus tanks and deep scum-boards to guard the 
suction of the pump. He finds this arrangement quite satisfactory, 
and much preferable to the use of screens. 
An exception might be made in the case of works ser-ving mental 

hospitals and similar institutions, where cloths and under-garments 
are liable to be sent do-wn the drains. The bars need not, however, 
be closer than, say, 3 inches apart. 
In Germany and the United States, where the sewage is discharged 

into large lakes or rivers, and screening is the only mode of treat
ment employed, very fine screens are often used. The actual 
screen consists of thin metal plates, punched -with slots as Uttle 
as J^ inch in width, and provided -with very efficient cleaning 
arrangements. 
Sedimentation. From the detritus chambers the sewage passes 

on into larger tanks, in which it remains at rest, or nearly so, for 
several hours. In these tanks the greater part of the suspended 
sohds which have passed through the detritus chambers and the 
screens, if these are used, become separated from the liquid, rismg 
to the surface or sinkmg to the bottom according to their specffic 
gravity. There are two ways in which the tanks may be used. 
In the first, kno-wn as " quiescent settlement," each tank in turn 
is filled, kept full for a couple of hours, and then emptied. In the 
alternative, or " continuous-flow," mode of working, the sewage 
flows through the tanks continuously, but at a velocity so low that 
it is practically at rest. 
Where tanks are used for quiescent settlement, a fall equal to the 

depth of the tanks must be aUowed. With continuous flow the 
sewage enters and leaves the tanks at the same level, so no fall is 
lost. 
Chemical Precipitation. Much of the suspended matter in sewage 

consists of very minute particles, the specific gravity of which is 
hardly different from that of the liquid in which they are immersed. 
Such particles settle extremely slowly, and some of them will not 
settle at all -without assistance. American chemists di-vide their 
suspended soUds into two categories—" settling " and " non-
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settling," the latter being sometimes nearly 50 per cent, of the 
whole. 

Where for any reason a particularly good tank effluent is desired, 
the settlement of the sohds m a y be assisted by the addition of 
certain chemicals, kno-wn as " precipitants," the k m d of chemical 
used depending on the nature and strength of the sewage. During 
the latter part of the nineteenth century this mode of treatment 
came into very general use, and do-wn to 1894 no fewer than 500 
patents for chemical precipitants had been taken out. For many 
of these special -virtues were claimed, either as regards their efficacy 
in thro-wing do-wn the suspended matter or the fertffising value of 
their constituents. 

Few of these precipitants ever came into use, and the very names 
of most of them have long been forgotten. One of the best kno-wn 
of the proprietary modes of precipitation was the " A.B.C." process 
of the Native Guano Company, so called from the alum, blood, and 
clay which formed the chief ingredients of their precipitant. For 
many years they operated the sewage works at Kingston-on-
Thames, which turned out a remarkably clear effiuent. Another 
well-kno-wn proprietary precipitant was the " ferrozone " manu
factured by the International Water and Sewage Puriflcation 
Company. Spence's " alumino-ferric " is still largely used, and 
is highly spoken of. Lime and various salts of iron are also 
employed. 

The quantity of precipitant which should be used depends on 
the nature and strength of the sewage. In dealing •with the London 
sewage discharged at the Northern Outfall at Barking, Dibdin 
obtained the best results •with 3-7 grains of U m e and 1 grain of 
ferrous sulphate (green copperas) per gallon. 

The precipitant must be intimately mixed -with the whole body 
of the sewage, to which it is usuaUy added in the form of a solution. 
Alumino-ferric is generally suppUed in slabs, one of which is placed 
in the channel along which the sewage flows to the tanks, dissol-ving 
its dose of the chemical as it goes by. Baffles are often placed in 
the channel to hasten the admixture of the precipitant -with the 
sewage. 
Although the process in question is laiown as " chemical precipita

tion," it is essentially mechamcal in its operation. The precipitant, 
when added to the sewage, forms a " coagulum " or curd, which is 
hea-vier than water, and gradually sinks to the bottom, entanghng 
and carrying do-wn with it the fine particles of suspended matter. 

Chemical precipitation, properly carried out, yields a very clear 
effluent; but the Uquid, though clear, is not purified, and it quickly 
decomposes. Precipitation also produces a very large quantity of 
sludge. High hopes were entertained of the revenue to be derived 
from this sludge, but these, Uke the expectations of profit from 
sewage farms, were doomed to be disappointed. Sludge undoubtedly 
contains a great deal of fertiUsing matter, but this is mixed up with 
such an enormous bulk of inert material, includmg something like 
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90 per cent, of water, as to be practically worthless. The manurial 
constituents in a ton of ordinary sewage have been valued at about 
one farthmg, and seven-eighths of them are dissolved in the Uquid 
sewage, leaving only one-eighth to be precipitated with the 
sludge. 
For these reasons, and because of the high cost of chemicals, 

chemical precipitation fell into disrepute, and when, towards the 
close of the last century, biological methods of purffication came 
into use, it was generally assumed that precipitation would be 
abandoned. This has to a great extent been the case, but for 
certain sewages containing trade wastes, such for instance as those 
from breweries and tanneries, precipitation has distinct advantages. 
T w o new methods of chemical treatment, which are attracting con
siderable attention in America, are described in Chapter X X X V . 

Form of Tank. Many forms of tank are in use. W h e n the 
sewage is treated by quiescent settlement the shape of the tank 
is comparatively immaterial, for the sewage remains in it un
disturbed ; but when the flow through the tank is contmuous, it is 
essential that the incoming sewage should be brought as nearly as 
possible to rest, and should not merely bore its way through that 
which is already in the tank. The fulfilment of this condition depends 
on the shape of the tank and the arrangement of the inlets and 
outlets. 
Most of the tanks in use in this country are rectangular, the 

length being three or four times the •width, and often more, and 
the depth not less than 6 feet. H the sewage entered the tank by a 
single opening at one end and left it by a single opening at the other, 
it would simply flow through the tank in a spindle-shaped stream, 
leaving the great part of its contents stagnant. A better distribu
tion of the flow can be obtamed by the use of several inlets and 
outlets, but it is more usual to draw off the sewage over a weir 
extending the whole width of the tank, and it is often admitted in 
the same way. The outlet weir is usually masked by a scum-board, 
and one is often placed at the inlet end. In addition to these, 
intermediate baffles are sometimes used, consisting either of walls 
carried across the tank from alternate sides, with narrow openings 
at the other ends, or of walls carried up from the floor to near the 
surface, -with dipping boards between them, -with the result in either 
case of causmg the sewage to foUow a zigzag course through the 
tank. Baffles undoubtedly prevent the sewage from taking a bee-
Une from the iiflet to the outlet, but, on the other hand, they set 
up eddy currents, and, by lengthening the path of the sewage, 
increase the velocity at which it flows. 

Metcalf and Eddy quote some experiments which were carried 
out at PhUadelphia and which showed " a marked superiority in 
favour of baffled tanks," * but it is doubtful whether baffles do not 
do more harm than good. 
A unUorm "distribution of the flow over the whole cross-section 

* " American Sewerage Practice," Vol. Ill, pp. 368, 369. 
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of the tank can be secured by making it triangular in plan, as 
described on p. 284. 
A point affecting the flow of sewage through a tank which is 

often overlooked is the difference between the temperature of the 
incoming sewage and that already in the tank. If, as usualh 
happens in -winter, the incoming sewage is the warmer, it will remain 
at the top and flow in a thin layer over the cooler sewage underneath. 
In summer the incoming sewage may be the cooler, m which case 
it will tend to flow along the floor. Whenever the incommg sewage 
is much warmer or much cooler than that already in the tank, 
there -wUl be this tendency for it to flow in a distinct layer, and only 
a part of the capacity of the tank will be effectively utilised. Where, 
however, the sewage as it enters the tank is deflected do^wnward by a 
baffle board, it -will tend to mix with the other sewage, and will not 
be so Uable to form a separate layer on the surface. 
Remo-val of Sludge. The sludge which settles in a sedimentation 

FIG. 48.—DECANTING VAX^VE. 

tank must be removed every few days, or it will soon become very 
offensive. To facUitate the •withdrawal of the sludge, the floor 
of the tank is usually given a slight slope toward the inlet end, 
and there is often a channel running dô wn the centre. The slope 
of the floor should not be steeper than 1 in 20, or men working in 
the tank -wUl be liable to slip on it. 
Before the sludge can be removed, it is generally necessary to 

draw off the liquid contents of the tank. This is often done by 
means of a " floating arm." This is a short pipe, one end of which 
is pivoted on the outgoing pipe, the other end, which is open, being 
supported by a floating drum which keeps the mouth of the pipe 
at or near the surface of the sewage and gradually lowers it as 
the latter is dra-wn off. 
A simpler form of outlet for the supernatant liquid is an ordinary 

lift-up valve set in a depression, with its seat just above the level 
of the floor (Fig. 48). When tlie valve is first opened, the sludge 
immediately adjoining it is dra-wn off, but the quantity so pemoved 
is very smaU—less probably than is disturbed by a floating arm as 
it comes to rest on the floor. The flow to the valve being downward, 
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and not horizontally along the floor, it -will draw off the supernatant 
liquid without disturbing the sludge. W h e n all the clear liquid 
has been dra-wn off, the outlet for liquid is closed and the outlet for 
sludge is opened. 

Raikes, in his " Sewage Disposal Works," shows a similar outlet, 
continued by a vertical pipe in short lengths up to the top v/ater-
level. This arrangement is convenient where for any reason it is 
desired to draw off the liquid successively from different levels. 

W h e n the supernatant Uquid has been dra-wn off, the sludge 
is pushed to the outlets by men provided with " squeegees." This 
is an unpleasant operation, and various means have been adopted 
to ob-viate the need for sendmg m e n into the tanks and for first 
drawing off their liquid contents. One method, which is not very 
-widely used, is to force the sludge to the deep end of the tank 
by means of a squeegee which travels slowly along rails on the 
floor. 

A circular tank can convemently be sludged by means of a 
Fidler scraper (Fig. 49). This is a spiral band of steel which lies 
on the floor of the tank, and which is caused to revolve by gearing, 
gradually dra-wing the sludge to a central outlet. It is made by 
H a m , Baker, and Company, and has been installed in many 
English to^wns. SimUar scrapers have also been used in rectangular 
tanks, but they only remove the sludge from the ckoles which they 
cover, leaving the intermediate spaces undisturbed. 
The Dorr Company make an apparatus on the Unes of their well-

kno^wn " thickener," which has been used for many years for re
moving the sludge which is formed in the cyanide metallurgical 
process. This apparatus consists of a number of arms radiating 
from the foot of a central vertical shaft, each carrying several 
ploughs, or squeegees, which bear on the floor of the tank. These 
ploughs are set at an angle to the arms to which they are attached, 
so that as the thickener revolves they force the sludge inward to 
an outlet formed in the centre of the floor. Thickeners m ay be 
used either in circular or in square tanks, the arms in the latter 
case bemg fitted with hinged extensions which open out as they 
approach the corners of the tank. 
Yet another means for remo^ving sludge without first dra^wuig 

off the supernatant Uquid is the perforated pipe which is used in 
the Candy tank. The holes are in the underside of the pipe, which 
is caused to travel slowly over the floor—from end to end of a 
rectangular tank, or round and round in a circular tank. The 
pressure of the liquid meanwhile forces the sludge into the pipe 
and thence to the outlet. 
The Fieldhouse patent tank is circular in plan, with a central 

inlet chamber, from which the sewage flows outward in all directions 
to an overflow weir extending all round the tank. The Priiss radial-
flow sedimentation tank is also circular, and is equipped with re-
vol-dng scrapers which force the sludge to a central sludge chamber. 
A tank of this type, which was laid down by Francis at Dagenham 
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in 1932, is described and iUustrated in his " Modern Sewage Treat
ment " (p. 27). A circular tank is equivalent to a number of 
triangular tanks, -without the side walls, and it acts in precisely the 
same way. 

In all the tanks above described the direction of the flow is 
horizontal. In the Dortmund tanlt (Fig. 50), which has been 
in use for more than forty years in Germany, the flow takes place 

FIG. 50.—DOBTHHIND TANK. 

vertically. The tank, which is circular in plan, is very deep, -with 
a conical bottom sloping at about 60° from the horizontal. The 
sewage is admitted at the bottom of the cylinder, through which it 
rises very slowly to the surface, where it is dra-wn off by a number 
of coUecting channels. The sludge sUdes do-wn the sloping floor 
to the apex of the cone, from which it can be pumped without 
exposure to the air and -without the intervention of manual labour. 

The advantage of being able to draw off the sludge -without 
emptying the tank is now recogmsed, and upward-flow tanks are 
coming into general use. If the outlet for sludge is placed 4 or 6 feet 
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below the surface of the sewage, the sludge can be forced out by the 
pressure of the Uquid, whereby the need for pumpmg is dispensed 
with. 

-PLAN-

- SECTION A-B-

FiG. 51.—SEDIMENTATION TANKS. 

Inlets and Outlets. Circular tanks do not flt well together, and 
I prefer to make m y tanks octagonal in plan, as shown in Fig. 51. 
The sewage enters the tank through a central inlet pipe, pomtmg 
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do-wnward, so that the incoming solids are projected toward the 
bottom of the tank. This arrangement of the inlet has been 
criticised on the ground that the do-wnward flow is liable to disturb 
the sludge already deposited in the tank. To prevent this, the mouth 
of the pipe is widened, so that the incoming sewage is deUvered at too 
low a velocity to disturb the sludge. 

IBy Courtesy of Messrs. Activated Sludge, Ltd. 

Fia. 52. ClIFi-OBD iNiET. 

With the " CUfford Inlet " (Fig. 52), which is largely used in 
activated sludge plants, the sewage also enters the tank in a do-wn
ward direction, but the inlet pipe ends in a bucket, which checks 
the velocity of the stream and deflects it upward. 
The more usual practice is to turn the inlet pipe itseU upward 

and surround it -with a wooden trunk, through which the sewage 
descends at a very low velocity. The disadvantage of this type of 
inlet is that whenever, as frequently happens, the incoming sewage 
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is warmer (and therefore Ughter) than that ah-eady in the tank, it 
rises to the surface as soon as it leaves the trunk and flows in a 
shallow layer to the outlet, whUe the greater part of the contents 
of the taiik remain stagnant. If, on the other hand, the sewage 
enters in a do-wnward direction, it -will travel do-wn far enough 
before turning upward to mix with that already in the tank. 

The outlet from an upward-flow tank usually takes the form of a 
weir running round the tank and masked by a scum board. Where 
the flow is small and the weir extends all round the tank, the depth 
on it may be so little (of the order possibly of .^ of an inch or 
less) that it -will be difficult to get the sewage to spread over the 
whole length of the weir, unless the latter is formed -with a degree 
of accuracy which it is difficult to secure in practice. It is better 
in such cases to put in a number of short weirs, one or two on each 
side of the tank. 
In very small tanks, outlet weirs may be dispensed -with, and the 

sewage may be dra-wn off through a trumpet-mouth pipe in the 
centre of the tank surrounded by a cylindrical scum plate, under 
which is a flat plate extending 6 inches or I foot beyond it. Fig. 53 
shows one of two tanks fitted in this way which were laid do-wn in 
1931 in Somerset. Although the inlet is very near the outlet, 
sewage tends to flow in straight lines, and -will not turn abruptly 
from the one to the other. 

It was found at Bath that, -with circumferential outlet weirs only, 
the sewage in the centres of the tanks remained stagnant. Supple
mentary outlets were accordingly placed in the centres. 

Floor Slopes. The slopes of the floors should be steep enough to 
enable the sludge to slide do-wn them freely, for if it remains too 
long in the tank, it -wUl become septic and contaminate the effluent. 
It is generaUy considered that the slopes should not be flatter than 
60° from the horizontal, but observations made by Humphreys at 
Letchworth on a tank -with an effective capacity of 125,000 gaUons 
showed that there was no tendency for sludge to remain on 45° 
slopes with properly rendered surfaces. 

"Tank Capacity. The tank capacity which should be provided- in 
any particular case -will depend on the way in which the tanliS are 
worked, and is usually as shown in Table X X X V I . 
TABLE XXXVI. 

Tank Capacity. 

Process. 

Chemical precipitation : quiescent 
„ ,, continuous flow 

Sedimentation : quiescent 
„ continuoua flow . 

Septic tank . . . . . 

Capacity in 
hours' dry-

weather flow. 

16 
8 
16 

10—15 
24 

N-timber 
of tanks. 

(Minimum.) 

8 
2 
8 
2 
2 
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PLAN 

SECTION 

FIG. 53.—^SEDIMBNTATION TANK WITH CENTEAI, OUTLET. 
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Except in the very smallest works, it is always ad-visable to 
pro-vide at least three tanks, so that any one of them may be thro-wn 
out of use in case of need -without unduly curtailing the working 
capacity. 
The capacities mentioned above apply to tanks in which the flow 

is horizontal. Deep tanks, in which the direction of fiow is upward, 
may usually be smaller, and the velocity of the upward flow is the 
main point to be considered. 
In order to get the best results from an upward-flow tank, it 

is essential that the velocity should be uniform, or nearly so, over 
its whole area. Humphreys found at Letchworth -that -with 
velocities not exceeding one foot per hour the velocity was umform 
over the whole area of the tank. In a series of observations on 
several large tanks at the Birmingham, Tame, and Rea Board's 
Minworth works, Vokes found that satisfactory sedimentation 
was obtained -with upward velocities of 8 feet and 10 feet per hour. 
Kessel Separator. The Kessel Separator (Fig. 54) is a vertical 

steel or cast-iron cylinder, coned at the bottom and closed at the 
top, so as to be air-tight. It is placed above ground on the line of 
the sewer, from which the sewage is siphoned up through the 
cyhnder and returned to the sewer -with a loss of head of about 
3 inches. The sewage enters the separator at about the level of the 
top of the cone, and rises slowly through the cyhnder, at the top 
of which it passes through a narrow armular slot extending round the 
edge of the funnel formed at the top of the outlet pipe. Another 
small pipe is carried do-wn from the extreme top of the separator for 
dra-wing off gas and fat. The deposited solids sUde do-wn the slopmg 
floor, and drop do-wn a trapped deposit pipe into a chamber below. 
The extreme height of the separator above the level of the sewer 

is limited by the atmospheric pressure to about 30 feet. It is said 
that a cyhnder 8 feet in diameter -wUl deal -with from 2000 to 4000 
gallons per hour, and one 30 feet in diameter with from 25,000 to 
50,000 gallons per hour. The external pressure on a large cyhnder 
when empty -will ob-viously be considerable, and careful struttmg 
will be necessary to prevent its collapse. 
A number of these separators have been mstalled in Germany. 
Parallel v. Series Working. Where several tanks are pro-vided, 

they may be used either in parallel or in series. Parallel workmg 
has the advantage that the velocity of the sewage is much lower than 
if the whole flow passed through each tank. With four tanks, for 
instance, arranged in paraUel, the velocity is only one-fourth of what 
it would be if the tanks were used in series. 
It is claimed for series working, in which the effluent from the 

flrst tank passes in turn through each of the others, that more of the 
sludge is arrested than when the tanks are used in paraUel, and that 
it is convenient to get the greater part of the sludge deposited in the 
flrst tank. 
The balance of opinion appears to be in favour of paraUel workmg, 

and it is exceptional to find tanks used in series. Where, however. 



MECHANICAL TREATMENT OF SEWAGE 

Outlet Manhole 

Cohneccion'Co^ ' 

'Inlet Manhole 

[By Courtesy of Messrs. Constable & Co., Ltd. 

FIG. 54.—KESSEI SEPABATOK. 
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there are several tanks, it may be convenient to arrange all but 
one of them in parallel, and to pass the united flow from these 
through the other, for the effluent usually contains a certaui amount 
of suspended solids, much of which -wiU settle if it is given a chance 
to do so. . . , J 
It was found at SouthaU-Norwood, where the sewage is treated 

by precipitation in four deep rectangular tanks, that better results 
were obtained when the tanks were used in series. As the population 
and flow increased, the quality of the effluent feU off, and it con
tained an undue amount of suspended matter. Four disused 
contact beds were accordingly converted into secondary sedimenta
tion tanks arranged m series, through which the effluent from the 
precipitation tanks was passed. Although they held only 3i hours 
dry-weather flow, and the effluent passed through each m less than 
an hour, it showed a marked improvement, and the amount of 
suspended matter in it was substantially reduced. 



CHAPTER XXXII 

SEPTIC, HYDROLYTIC AND IMHOFF TANKS, ETC. 

Septic Tank. The sludge which settles in a sedimentation tank is 
putrescible, and is accordingly withdra-wn from the tank before it 
has time to decompose. Cameron, however, purposely allowed the 
sludge to remam in his tanks, and removed it only when it had 
accumulated in such quantities as seriously to reduce their effective 
capacity. His object in doing so was stated in his evidence before 
the Royal Commission as foUows :—• 

" The aim I had in view was to bring the sewage into such a con
dition by arresting the soUds in suspension as to make the filtration 
on artificial filters practicable; at the same time taking advantage of 
the solvent action that goes on in the arrested solids, so as to make 
the quantity of deposit or sludge as small as possible." 

A septic tank is nothing more or less than a continuous-flow 
sedimentation tank, and the same considerations which govern the 
design of the one apply in the main to that of the other. The 
essential difference between them is that, whereas in a sedimentation 
tank the sewage is kept as fresh -as possible, and sludge is not allowed 
to accumulate, the sewage m a septic tank is encouraged to become 
stale, or " septic," and the sohds are retained in the tank until they 
accumulate in such quantities as to trench unduly on its capacity 
or to foul the effluent. It is necessary, therefore, in the design of a 
septic tank to allow for the space which -wUl be occupied by the 
soUds. The capacity originally caUed for by the Local Government 
Board was one and a half days' dry-weather flow. This was sub
sequently reduced to one and a quarter days' flow, and later again 
to one day's. Too long a stay in the tank m a y render the sewage 
" over-septic," and consequently offensive and difficult to filter. 
The sewage m a y enter the tank either over a weir or through 

pipes carried down to about mid-depth. In many of the earher septic 
tanks the effluent was dra-wn off through a cast-iron pipe which 
extended across the tank about 18 inches below the water level, and 
had a slot in its under-side ; but a weir, masked by a scum slab, is 
now more usual. To prevent the escape of the sohd particles which 
are carried up from the sludge by bubbles of gas, the end wall of the 
tank should be sloped, as sho-wn in Fig. 55, so that the outlet is not 
verticaUy over the floor. 

The sludge which is deposited in a septic tank is -vigorously 
attacked by the anaerobic bacteria which are present in the sewage, 

X 305 
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and which are referred to on p. 257. As the result of their action, 
the greater part of the organic matter in the sludge is converted 
into water and gases, such as carbonic anhydride (COg), ammonia 
(NH3), free nitrogen, and free hydrogen, leaving only a small pro
portion of indigestible " humus." 

In view of the fact that the organisms which are employed in a 
septic tank are anaerobic, it has often been said that the tank must 
have an air-tight roof ; but, as Cameron long ago pointed out, this 
is not actually necessary. The quantity of oxygen which is absorbed 
from the air by the sewage is at most small, and the scum -which 
usually forms on its surface constitules a very effective cover. 

Although a roof makes little or no difference to the efficiency of 

SLOTTEDOuTLErPiFEf^ •.:••' 

FIG. 55.—SEPTIC TANK (OUTLET END). 

a septic tank, it is often desirable on other grounds that the tank 
should be covered. Stale sewage gives off a certam amount of smell, 
and in many situations the mere sight of the sewage would be 
objectionable. In such cases, or where it is desired to make use of 
the gases which are generated m the tank, the latter must be covered. 
A covered tank m a y be placed in almost any position without risk 
of nuisance. 
Destruction of Organic Matter. Much controversy has arisen 

-with regard to the proportion of the sewage sohds which is destroyed 
m a septic tank. It has often been asserted on the one hand that 
aU the soUds are destroyed, and on the other that httle or no digestion 
takes place. This divergence of opinion is maiiUy due to errors of 
observation and to differences in the conditions under which the 
observations were made. Where, for instance, road water is ad
mitted to the sewers, bringing -with it large quantities of m u d and 
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grit, the percentage reduction •wUl obviously be less than with 
ordinary domestic sewage. Then again the sludge is sometimes 
measured soon after a tank is thrown out of use, and when it contains 
a large proportion of sohds which have had no time to digest. 
A striking demonstration of the power of a septic tank to digest 

organic matter was afforded by an experiment recorded in Dunbar 
and Calvert's " Prmciples of Sewage Treatment." The body of a 
guinea-pig was skinned and placed in a septic tank. At the end 
of three weeks all that remained of it was the clean white bones 
sho^wn in Fig. 56. Bodies which were not skmned took a little 
longer to decompose. 
In a paper entitled " A Year's Experience of the Septic Tank 

System of Sewage Disposal at Exeter," which Cameron read in 
1897 at the Leeds Congress of the Sanitary Institute, he stated the 
quantity of sludge then in the tank, as 66J cubic yards. On the 
ordinary basis of 1 cubic yard per 1000 people per day, there would 
have been 556|^ cubic yards. The difference between these two 
flgures is not wholly accounted for by digestion, for the effluent 
from the tank contained finely divided suspended matter to the 
amount of 10-8 grains per gallon. 
The average amount of suspended matter in the sewage which 

went into the tank was 24-5 grains per gallon, which was accounted 
for as follows : 

Suspended particles in tank effluent 
Residuum and scum left in tank . 
Loss by digestion 

Total . . . . . 

Grains per 
gallon. 

10-8 
4-5 
9-2 

24-5 

Percentage 
of total. 

44-1 
18-4 
37-5 

100-0 

The total loss of solid matter was thus 81-6 per cent., of which 
37-5 per cent, was due to digestion. 
The Royal Commission, in their FUth Report, quote the results 

obtained in a number of typical cases, including that of Huddersfield, 
where the loss by digestion was 38 percent., or practically the same 
as was recorded by Cameron at Exeter. 
Digestion, however, is only one among the causes of the reduction 

effected by septic treatment in the volume of sludge which remains 
to be dealt -with. Others, not less important, are the conversion of 
a large proportion of the gross sohds present in the sewage into finely 
divided particles which can be readUy passed through a filter, and 
the shruikage due to the smaller percentage of moisture which the 
digested sludge contams. Sludge which' has undergone digestion 
and consohdation in a septic tank may contain as httle as 83 per 
cent, of water, as compared -with the 90 or 95 per cent, usually 
present in raw sludge. The reduction of its water content from 95 
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to 83 per cent, causes a shrinkage of 70-6 per cent, in the volume of 
the sludge. 

Hardly less important than the reduction in the quantity of 
sludge effected by septic treatment is the change which it brings 
about in its condition. A weU-digested sludge is rerharkably 
inoffensive, and, unUke fresh sludge, which parts with its moisture 
very slowly, it can be readUy dried on draming beds. 
As the result of the various influences which check the accumulation 

of sludge m a septic tank, such a tank can be kept at work for long 
periods without being emptied. At Barrhead, near Glasgow, four 
septic tanks, serving 10,000 people, were in continuous use for ten 
years -without being cleansed. It is not, however, desirable to run 
tanks so long without drawing off the digested sludge. N o hard and 
fast rule can be laid do-wn as to how often septic tanks should be 
sludged, but the conclusions which were arrived at by the Royal 
Commission afford useful guidance. These conclusions were as 
follows :— 
" We are inoUned to think that in the case of small sewage works, 

constructed to serve populations of, say, 100 to 10,000, it would be 
best that septic tanks should be allowed to run -without being cleaned 
out so long as the suspended matter in the tank liquor showed no 
signs of affecting the filters detrimentally, pro-vided that the tanks 
were never allowed to become more than one-third full of sludge. 
" In the case of a sewage works constructed to serve populations 

from 10,000 upwards, it would probably be ad̂ visable partiaUy to 
clean out septic tanks at short intervals of time, care being taken 
as far as possible to remove only the best digested portion of the 
sludge." 

A septic tank should not be emptied unnecessarUy, for it always 
contains a quantity of partially digested sludge, which m a y be 
very offensive ; and when the tank is again brought into use it •will 
take some time to set up the septic action. The need for emptying 
the tank can be ob-yiated by pro-viding proper means for dra-wmg 
off the digested sludge. In many of the earUer septic tanks a slotted 
pipe was built into the angle between the wall at the outlet end and 
the floor (see Fig. 55), through which the sludge was foi:ced out 
from time to time by the pressure of the sewage in the tank. This 
can also be done -with the deep tanks shown in Fig. 51. 
In addition to effecting a great reduction in the amount of sludge 

to be disposed of, a septic tank brmgs about a marked change in the 
character of the liquid. Opinions differ as to whether or not this 
change is helpful in the subsequent filtration of the sewage. There 
was formerly in many quarters, and possibly stUl exists, a strong 
prejudice against anaerobic action in any form. O n the other hand, 
Professor Percy Frankland, in his Presidential Address to Section 
III of the Samtary Institute Congress held at Southampton in 1899, 
said that 
" recent experimental work on the bacterial treatment of sewage, 
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which has been conducted with a thoroughness and an attention to 
detail quite -unprecedented in the history of sewage purification, 
shows most conclusively that the best results are achieved by separ
ating the phases in which the bacterial purification takes place, 
allotting distinct premises to the anaerobic and aerobic organisms 
respecti-yely engaged on the works." 

In the report on sewage disposal which was issued by the Leeds 
City Council in the folio-wing year, the advantages of the septic tank 
are set forth as follows :— 

" The production of a practically uniform effluent from sewage 
of such varying composition as that of Leeds. 
" The digestion of part of the solids in suspension, which at Leeds 

amounted to about 40 per cent, of those originally in the sewage. 
" The anaerobic putrefaction which takes place in the septic tank 

facffitates subsequent filtration, rendering the filtrate less liable to 
secondary putrefaction." 

FIG. 57.—^ABBATOB A T BELLEISLE, EXETEB. 

SimUar conclusions have been reached elsewhere. 
The Royal Commission, on the other hand, were of opinion that 

the effluent from a septic tank was not more amenable to filtration 
than that which is obtained by other modes of prehminary 
treatment. 

The effluent, as it leaves the tank, is in a condition in which it throws 
a severe strain on the aerobic organisms -with which it is first brought 
into contact. It contains dissolved gases, produced by the de
composition of the organic solids, and it is totally devoid of oxygen. 
With a -view to shaking off these gases and picking up a supply of 
oxygen, the effluent from the septic tank at Belleisle, Exeter, was 
passed through an aerator, sho^wn in section in Fig. 57, consisting 
of a shaUow cast-iron trough •with overhanging edges, from which 
the effluent fell in thin films into the channels below. 

Kinnicutt, Winslow, and Pratt describe in their " Sewage Dis-
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posal " a special device for the purpose which was used at Saratoga 
Sprmgs, N.Y. The effluent flowed over perforated sheet-iron plates 
which were hung in three layers around a central riser pipe. 

" The sewage entering the septic tank contained . ._. 4-3 per 
cent, of the oxygen necessary for saturation. The septic effluent 
contained none; but after aeration the value rose to 70-4 per cent., 
falhng again to 40-4 per cent, before the effluent reached the beds. 
The rapid decrease after aeration shows the a-vtdity for oxygen of 
the organic matter present, and indicates that the process must 
materially facilitate the later work of nitrification." 

FIG. 58.—AEBATOK (SHAET TYPE). 

Wherever the necessary fall can be spared, advantage should be 
taken of it to aerate the tank effluent on its way to the filters. 
The aerator shown in Fig. 58 is convement for use where a few feet 
of fall are avaUable. 
The weak point of the septic tank is that it carries on two con-

fficting operations side by side. Its primary object is to prepare 
the sewage for filtration by freemg it from its suspended sohds; 
having done so, it proceeds to digest them. In the process of 
digestion much of the sludge which lies on the fioor of the tank is 
converted mto gas, and bubbles of this gas are constantly breaking 
away from the sludge and rising to the surface. In so doing they 
dislodge and carry up -with them myriads of fine black particles. 
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which are carried out with the effluent. These particles readUy 
settle, and in any properly designed works the tank effluent is 
passed through a chamber in which they may have an opportunity 
of doing so before the effluent goes on to the filters. Too often, 
however, this simple precaution has been neglected, and the septic 
tank has had to bear the blame for the consequences. 
Hydrolytic Tank. In the hydrolytic tank the settlement of the 

sludge and its digestion are carried on in separate chambers. The 
hydrolytic tank was invented by Dr. Owen Travis, the late Medical 
Officer of Health for Hampton, Middlesex, the propounder of the 
famous " Hampton Doctrine." The Hampton Doctrine was a 
fiat denial of the principles which underlie the bacterial treatment 
of sewage. It asserts that " the purffication "process is not, in any 
sense of the word, or under any circumstances, the result of bacterial 
action." This doctrine was, of course, sharply challenged, and 
there are few, if any, who would uphold it to-day. 
Tra-vis made a close study of the coUoids present in sewage, which, 

as already stated, are neither suspended nor dissolved in the Uquid, 
but dispersed through it in an intermediate state, resembhng that of 
jelly or glue. These substances will not settle, but they attach 
themselves to any surfaces -with which they may come into contact, 
such, for instance, as those of the material in a filter. Travis 
accordingly made special provision for them in his tank. 
A hydrolytic tank consists essentially of three parts : 

(I) A sedimentation chamber, to separate the suspended 
solids from the Uquid ; 
(2) A reduction or Uquefying chamber, in which the deposited 

solids are digested ; and 
(3) A hydxolysing chamber, provided with surfaces for the 

adhesion of the colloidal matter. 
A large installation on these Unes, deaUng -with 3,000,000 gallons 
of sewage per day, was in operation for many years at the Norwich 
Sewage Farm. The sewage, after passmg through a couple of small 
detritus chambers, was received in four hydrolytic tanks, each con
taining 260,000 gallons, and consistmg of a pair of sedimentation 
chambers, -with a Uquefying chamber underneath. The sedimenta
tion chambers had V-shaped floors, -with slots at the bottom of the 
Vs through which the deposited solids dropped into the liquefying 
chamber. The sewage overflowed from each of these tanks over 
three weirs, one for each chamber, the weir for each of the sedi
mentation chambers being t-wice as long as that for the liquefying 
chamber. The flow was accordingly divided in the same proportion, 
four-flfths passing through the two sedimentation chambers, and 
one-flfth through the liquefying, or reduction, chamber. The object 
of diverting a part of the flow from the sedimentation chambers 
through the reduction chamber was to sweep the deposited solids 
from the former into the latter, in which they settled and were left 
to digest. 



312 S E W A G E DISPOSAL 

In the sedimentation chambers were placed a large number of 
wooden slabs, called " coUoiders," suspended from steel joists, and 
ha-vmg their sides paraUel to the direction of the flow, -with the 
object of attracting the suspended and colloidal matter present in 
the sewage. The effluent from the sedimentation chambers went 
direct to the land, but that from each liquefying chamber was flrst 
passed through a separate hydrolysing chamber, also fitted with 
coUoiders. 

Imhoff Tank. In the hydrolytic tank, as stated above, a portion 
of the sewage is by-passed through the reduction chamber, and 
subsequently rejoms the other part. Dr. Imhoff, of Essen, the 
inventor of the tank which bears his name, but which is also kno-wn 
as the " Emscher Tank," considers it highly undesirable that any 
sewage which has been in contact -with decomposing sludge should 

C/RS l^£NTS 

FIO. 59.—IMHOEP TANK. 

afterwards be mixed with the rest. H e attaches great importance 
to keeping the sewage fresh, and the sedimentation channels in his 
tank, which in other respects resembles the hydrolytic tank, are 
accordingly made as small as possible consistent -with the effective 
settlement of the suspended sohds. Fig. 59 is a typical cross-
section of an Imhoff tank. It has two sedimentation channels, 
•with a digesting chamber below, the former commumcatmg -with the 
latter through slots which run their whole length. The digesting 
chamber is carried up between the sedimentation channels, so that 
the gases which are generated by the digestion of the sludge may 
pass off freely. 
The Imhoff tank has been instaUed at Whitstable, but for some 

reason or other it has never been generally adopted in this country. 
It is, however, -widely used in Germany, and in the United States, 
where it is very favourably regarded. In many American mstaUa-
tions much trouble has been experienced from " foaming," or 
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sudden eruptions of large quantities of sewage and scum through 
the gas vents. 

Cultivation Tank. The cultivation tank, which was invented by 
the late W . D. Scott Moncrieff in 1891, differs from any of those 
already described in that it is filled •with large stones, preferably 
flints, the surfaces of which afford a base of attachment for the 
anaerobic organisms which are cultivated in the tank. The stones 
are carried by a grating, ha'ving a space beneath it into which the 
sewage is admitted and from which it passes up slowly through them, 
depositing its burden of sohds on their surfaces. 
Scott Moncrieff attached much importance to the " zonal" 

character of the bacterial action, that is to say to the passage of the 
sewage in succession through different layers of stones, each equipped 
•with the organisms best fitted to carry on its o-wn stage of the work. 
Many cultivation tanks have been installed at country mansions 

and pubUc institutions, but on the introduction of the septic tank 
a few years later cultivation tanks fell into disuse. 

Coarse Beds. The prejudice against anaerobic action to which refer
ence has already been made led to attempts to deal -with sewage sohds 
under strictly aerobic conditions. Foremost among the advocates 
of aerobic digestion was Dibdin, then Chemist to the London County 
CouncU, to w h o m it occurred that, if crude sewage was passed into 
a bed of coarse material and the liquid aUowed to run off, the sohds 
would be left behind in the interstices of the material and there 
digested by aerobic bacteria. Coarse beds on these lines were laid 
do-wn at Sutton, Surrey, and at many other sewage works throughout 
the country. W h U e Cameron was careful to point out that only a 
part of the sewage sohds was digested in his septic tank, Dibdin 
claimed that the bacteria and other low forms of Ufe employed 
in his coarse beds would effect their complete destruction. Ex
perience soon showed that this was not the case, and that the inter
stices of the beds became clogged -with the undigested residuum. 

Slate Beds. To obviate the need for remo-vmg and washing the 
material of which the beds were composed, Dibdin then invented 
his " slate bed," in which the coarse material was replaced by layers 
of slates, spaced 2 or 3 inches apart. The spaces between the slates 
formed a series of cells, in which the sewage sohds were deposited. 
The Uquid was run off after each filhng, lea-ving the solids on the 
slates, which were then left for a few hours to drain and aerate. 
At one time slate beds attracted a good deal of attention, and they 
were laid do-wn at De-vizes, Trowbridge, High Wycombe and 
elsewhere. 
The Royal Commission, in their Fifth Report, express the 

foUo-wing opinion -with regard to slate beds : 
" As the result of our inspection of the beds at De-vizes, we came to 
the tentative conclusion that primary beds containing large slabs of 
slate must be regarded more as preliminary settling or septic tanks 
than as contact beds." 
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The Officers of the Commission subsequently kept three slate-bed 
installations under observation for rather more than a year, and 
embodied the results in a special report which is printed as an 
Appendix to the Commission's Seventh Report. 

The water-capacity of a new slate bed is from 85 to 90 per cent. 
of the capacity of the empty tank, and if the sludge which ooUects 
in the beds is allowed to come away, the greater part of this capacity 
can be maintained. 
It is impossible to give any precise estimate of the amount of 

digestion which takes place in slate beds, but from the data which 
were obtained at De-vizes it would appear to be very small. 
The smell which arises from sewage works where slate beds are 

installed may be taken as simUar in kind and intensity to that which 
occurs where crude sewage is treated in contact beds. The effluent, 
when distributed, is more Uable to give rise to nuisance than that 
which is obtained by chemical precipitation, but less hable than a 
septic tank effluent. 
" Compared -with other preliminary processes of sewage purification, 
slate beds will probably be found to be expensive as regards capital 
outlay; but, on account of the sludge being comparatively odourless, 
we think that the claims of the process deserve consideration in cases 
where the reduction of smell at a sewage installation is of primary 
importance." 

Upward-Flow Cellular Tanks. For the purpose of arresting the 
suspended particles which come away from a septic tank and 
pro-viding surfaces to attract the colloidal matter, I made use in 
many of m y later septic-tank installations of tanks filled with 
octagonal earthenware pipes, 2 inches in diameter, closely packed 
together in vertical lines (Fig. 60). The tank effluent was dehvered 
to the bottom of the tank, and passed up slowly through the pipes, 
overfiowing at the top. 
To deal -with a dry-weather flow of 50,000 gallons per day, two 

beds each 16 feet long by 10 feet -wide were laid do-wn, the depth of 
the cells being 6 feet. Their water capacity, excluding the spaces 
above and below the pipes, was 55-3 per cent, of the whole, or 1062 
cubic feet, and the total area of the internal and external surfaces 
of the pipes 36,595 square feet, or 0-73 square foot per gallon of 
daUy dry-weather flow. The upward velocity of travel through the 
pipes and the spaces between them -with the dry-weather flow was 
0-00628 inch per second, and with three times the dry-weather flow 
0-0188 inch, the state of the liquid, even at the higher rate of flow, 
being thus one of -virtually complete rest, affording ideal conditions 
for the retention of the suspended sohds. 

Choice of Preliminary Treatment. Which mode of prehminary 
treatment -will be best in any particular case -wUl depend upon local 
circumstances. The Royal Commission say in their FUth Report 
that there is little difference between them in. point of cost when 
that of the subsequent flltration is taken into account. They 
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FIG. 60.—UPWARD-FLOW CELLULAR TANK. 

[Jt'aciTlg •p. 314. 
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consider that the choice should depend mainly upon the means at 
hand for the disposal of sludge, and upon the class of filter to be 
used. 

For very strong domestic sewages from water-closeted to-wns, 
which are likely to give rise to nuisance, chemical precipitation is 
preferred to septic-tank treatment or simple sedimentation. 

For very strong domestic sewages consisting for the most part of 
slop-water, septic tanks would usually be more economical. 

With domestic sewages of about average strength, whether of the 
slop-water or water-closet type, equally good fitnal results may be 
obtained from septic tanks, sedimentation, or chemical precipitation 
tanks, and the choice should depend on local circumstances. 
For weak domestic sewages, septic-tank treatment or contmuous-

flow sedimentation is preferable to precipitation, the first being 
generally the more economical. 
In the case of large cities, the Commissioners suggest that the 

choice should be governed by the nature of the predominating trade 
waste. For brewery waste, precipitation -with lime is desirable; 
for strongly alkaUne or greasy wastes, acid; and for tarry matter 
(as at Manchester), septic tanks might be preferable. 
The prime consideration is the protection of the filters from 

clogging, and for this chemical precipitation possesses advantages. 
For sewages Uable to great variations in strength and character, 
the equahsing effect of a septic tank is a point of considerable 
importance. 

A n important consideration which should be borne in mind in 
choosing a prehminary process, is the amount of fall available. 
A continuous-fiow tank dehvers the sewage at practicaUy the same 
level as it enters the tank, so that no fall is lost; whereas with a 
quiescent-settlement tank, a coarse bed, or a slate bed, all of which 
have to be emptied after every filhng, a fall equal to the depth of 
the tank or bed must be aUowed. Where therefore, as often happens, 
faU is hmited, the use of a continuous-flow tank may save the pump
ing which would be necessary -with any of the alternative modes of 
treatment. 

Deterioration of Concrete and Brickwork. Reference is made on 
p. 230 to the disintegration of concrete sewers which is caused by 
the chemical action of the liquids which they convey. Similar 
action m a y also take place at the disposal works; and wherever 
there is any UkeUhood that deleterious substances m a y be present 
in the sewage, due pro-vision should be made for resisting their 
attack. Even where no such chemicals are present, sulphur com
pounds are sometimes formed in the sewage itseU, which -wiU act 
on the concrete, especiaUy at the surface of the sewage. This 
happened many years ago at Exeter, where the surface of the con
crete wall beside the aerator sho-wn in Fig. 57 (p. 309) was reduced 
to the consistency of putty. 

W h U e concrete is particularly susceptible to such attack, brick
work is not immune. The walls of a group of fllters buUt in brick 
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in cement mortar gave way in their first year, the mortar in the 
joints being completely destroyed. In this case the sewage did not 
contain any substance capable of acting on cement mortar, and 
an officer of the Building Research Station, who investigated the 
faUure, attributed it to the action of sulpha-tes derived either from 
the bricks themselves or from the clinker -with which the filters 
were fiUed. 

The BuUding Research Station, at Garston, near Watford, which 
is a branch of the Department of Scientffic and Industrial Research, 
carries on systematic investigations mto the beha-viour of buUdmg 
materials under every variety of conditions. Its Officers are always 
ready to assist in the elucidation of any problems of this nature which 
Engmeers may encounter in the course of their work. 



C H A P T E R X X X I I I 

OXIDATION OF DISSOLVED IMPURITIES 

THE next step in the purffication of sewage is the oxidation of the 
dissolved polluting matter. This operation, as already explained, 
is a moist combustion, and is effected by bringing the impurities 
into combmation with oxygen. 

The direct oxidation of poUutmg matter by chemical means takes 
place very slowly, but it can be greatly accelerated by the aid of 
aerobic bacteria. The task of the sewage works engineer is to 
provide these bacteria -with favourable conditions in which to do 
their work. It consists in bringing the impurities of the sewage 
into intimate contact with oxygen, in the presence of the organisms 
by whose agency they are brought into combination -with it. This 
contact may take place under water, in the pores of the ground or 
in the interstices of a bacterial filter. 

Warington, who carried out an exhaustive series of experiments 
on natural soils and pubUshed his results in 1884, found that the 
final changes by which orgamc nitrogen is converted m the soU 
into its final products, mtrites and nitrates, are brought about by 
certain organisms, which he classed as " mtrUying " bacteria. The 
oxidation is effected in two stages, the first producing nitrites and 
the second mtrates (salts of mtrous acid, H N O j , and nitric acid, 
H N O 3 , respectively), and the organisms concerned are usually 
confined to the uppermost 3 feet of soil. 

Filters. A bacterial fUter is, to all intents and purposes, an 
artfficial soU, designed to accelerate the work of the nitrUying 
organisms and enormously to increase the volume of sewage which 
can be dealt -with on a given area. 

The name " filter " has been objected to on the ground that a 
sewage filter is not a filter in the accepted sense of the word, but 
merely an apphance for the cultivation and utilisation of aerobic 
bacteria. The term "bacteria bed" has accordingly been pro
posed, but the appUances in question are now universally known 
as " filters." 

In 1876, eight years before Warmgton had pubhshed the results 
of his experiments, two biological filters were constructed at Honiton, 
Devon, by the late J. M. Martin, of Exeter. These filters, which 
were buUt in brickwork, were filled (from the top do-wnward) -with 
6 inches of sand, 1 foot of coarse sand, I foot of fine gravel and 
1 foot of coarser gravel, and underdrained by 3-inch agricultural 
pipes, which covered the whole floor. The sewage, on its way to 
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the fllters, passed through two " sediment tanks," which were 
-virtually open septic tanks, though the prmciple of septic actior 
was not then understood. 
In 1885 the late Baldwin Latham laid do-wn an acre and a hal: 

of " controlled " biological fllters at Friem Barnet. These beds 
which were 6 feet deep, were flUed to a depth of 2^ feet -with bm-nl 
clay baUast. Next came a layer 3 feet deep of burnt ballast anc 
breeze from the gas works, mixed with sandy soU, and over this 
a 6-inch layer of fine sandy soU. 
A modern fUter for sewage is composed of lumps of granulai 

material, on the surfaces of which aerobic bacteria are cultivated 
These bacteria are not common in sewage, and a new filter -will 
effect comparatively httle purffication. Given suitable conditions. 
however, the bacteria multiply rapidly, and the particles of materia] 
soon become covered -with a spongy bacterial gro-wth, or " zooglaea." 
This process of colonisation, or " maturing," may take a few weeks 
in the summer, or as many months in the -winter. 

Material. The nature of the filtering material is ummportant, 
provided that it is clean, hard, and free from dust and not liable to 
disintegrate, for its function is purely mechamcal. Its surfaces 
attract the fine suspended particles and colloidal matter from the 
sewage, and form a nursery or breeding ground for the bacteria 
and other organisms by which the sewage is actually purffied. 
A rough, porous material is generaUy preferred to a dense, smooth 
one. Among the materials which have been used for the purpose 
are basalt, burnt clay, cinders, clinker, coal, coke, coke breeze, 
glass, granite, gravel, Umestone, polarite, ragstone, saggers (broken 
earthenware from the Potteries), sand, and slate. Which of these 
is best in any particular case -wUl depend on circumstances, and, 
pro-vided that it comphes with the above requirements, the cheapest 
avaUable material should generaUy be used. 
In this country broken cUnker is most in favour, and may be 

obtamed in the size required from a number of firms. In the 
Umted States broken stone is generaUy employed. It is also used 
at Birmmgham, England, and elsewhere. Broken stone is more 
durable than clinker, but except near the quarries it is usually more 
expensive. 
When the new filters at Southall were in course of construction, 

a difficulty was experienced in getting cUnker in the quantity 
required, and in view of the fact that the works would be disused 
as soon as the Middlesex County CouncU's trunk sewers became 
available, I aUowed the contractors to fill some of the beds -with 
Thames iDaUast. These beds did not mature so quickly as those 
which were filled -with clinker, and for many months the effluent 
which they yielded was not so good as that from the latter. This 
inferiority graduaUy disappeared, and the effiuents from the beds 
filled with the two materials are now indistinguishable. 

Coal has given good results at Lichfield, Wolverhampton, and 
Bradford (Yorks.), where there are 53J acres of coal filters. The 
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calorffic value of the coal does not seem to be impaired by its use 
in the Bradford filters : on the contrary, it shows a shght increase, 
due no doubt to the grease which it picks up from the sewage. 
During the coal strike of 1926 more than 200,000 tons of coal were 
taken out of the fUters and sold m Bradford and Lancashire. 
One of the trickling filters at the North Toronto sewage works, 

wliich was originally fiUed -with stone, was emptied in 1913 and 
refilled -with brushwood, tightly bound together in bundles. Whereas 
the old stone filter had oiUy treated from 2 to 2^ mUhon gallons 
per acre per day, the brush filter dealt with 6^ milhon gallons per 
acre. After six years' working the brushwood was still as sound 
as when it was placed in the filter. 
The grade of the material will also depend on circumstances. 

The smaller the pieces the more surface -will they present for the 
attachment of the bacterial films, but it they are broken too small 
they may retain so much water in their interstices as to prevent 
the access of air, and they may become permanently clogged -with 
suspended and coUoidal matter. It was formerly held in certain 
quarters that the particles of material should not be more than 
from J to I inch in diameter, but coarser material, say from | inch 
to 2 inches m size, is now generally used. A layer of large pieces is 
usually placed in the bottom of the bed, and the surface is some
times covered -with a few inches of finer particles. The mtervening 
material should be of uniform size. 
The material -with which a filter is filled is often called the 

" filtermg medium," and for some mysterious reason the plural 
(media) is sometimes used as a singular ! 
CONTACT BEDS 

A new method of working a bacterial filter was introduced by 
Dibdin in his celebrated " one-acre coke bed," which was laid down 
at the Metropohtan Northern Outfall Works at Barking m 1893. 
The bed was formed m the ground, -with earth banks, and filled 
to a depth of 3 feet -with " pan breeze," covered -with 3 mches of 
gravel. It was under-drained by lines of perforated pipes, and the 
outlet was closed by a valve. The sewage, after precipitation -with 
lime and sulphate of iron, was run on to the bed for two hours, 
filling all the interstices of the material. The filter was then kept 
full for one hour, at the end of which the outlet valve was opened, 
permitting the filtered effluent to escape. After an interval of 
five hours for drainage and aeration, the bed was filled once more. 
With three fidUngs in the twenty-four hours it dealt -with a million 
gallons of tank effluent per day, effecting a purification of 78 per 
cent. The filtered effluents contained an appreciable proportion 
of nitrates, and were uniformly odourless and non-putrescible. 
In view of the results attained at Barking, contact beds on 

simUar Unes were laid do-wn all over the country. With strong 
sewages the purification effected by a single contact was not always 
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sufflcient, and the effluent from the first beds had to be passed 
through a second set, and sometimes through a third. 

The inlet and outlet valves of the earUer beds were opened and 
closed by hand, but Cameron, who laid down simUar beds in con
nection with his septic tanks at Exeter, made use of an automatic 
apparatus whereby manual attendance was dispensed -with. The 
valves which controlled the filling and discharge of each pair of 
filters were hung from two levers, keyed on a rocking shaft, from 
which a frame was suspended, ha'ving a copper bucket at each 
end. Each filter was filled in turn and kept full untU the next had 
fiUed, when a small quantity of filtered effluent overfiowed into 
one of the buckets, rocking the shaft, opening the discharge valve 
of the first filter, and the valve through which a third was filled in 
its turn. This apparatus did its work -with absolute regularity, 
but it had the disadvantage that when the fiow was small, as at 
night, the filters were kept full longer than was desirable. A new 
type of apparatus was accordingly de-vised in which this defect was 
remedied. Messrs. Adams, of York, subsequently brought out an 
apparatus in which mo-ving parts were entirely dispensed -with, 
the filhng and discharge of the filters being effected by means of 
siphons. 

The voids in a new bed may amount to as much as 60 per cent. 
of its total contents, but after the first filling a quarter of this 
empty space is permanently occupied by the water which is held 
by the pores of the material and the capUlary spaces between its 
particles, the working capacity being thus reduced to about 45 per 
cent, of the whole. In the course of working the capacity is further 
reduced by the bacterial gro-wths which form on the surfaces of the 
material and by deposits of coUoidal and suspended matter. It is 
generally considered that a contact bed in good condition should 
deal with one-third of its total contents (or about 56 gaUons per 
cubic yard) at every filling, but as time goes on this capacity is 
progressively diminished, sometimes to a serious extent. A part 
of this loss can often be made good by givmg the filter a prolonged 
rest, but sooner or later a time comes when the material has to be 
taken out and washed or replaced -with new. The effective hfe of 
a contact bed depends to a great extent on the nature of the tank 
effluent with which it has to deal, and particularly on the amount 
of suspended and colloidal matter which the effluent contains, 
and also on the way in which the bed is handled. In favourable 
circumstances it may be ten years or even more. Table X X X V I I 
(p. 330) shows the quantity of sewage which can be dealt -with 
by each cubic yard of material. 
TRICKLING FILTBES 

In spite of the good work which was done by contact beds, there 
were many who regarded them askance, and it was generaUy recog
nised that this mode of working was not ideal, and that it would 
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be better, U possible, instead of filhng and emptying the beds 
alternately, to pass tlie sewage through them continuously. Foi 
this purpose it was necessary to find some means for distributmg 
the sewage over a bed -with some approach to uniformity, so thai 
no part of it would be overworked. 

A filter used in this way was origmally called a " continuous 
fUter," and subsequently a " percolatmg filter." The latter name 
however, is not very appropriate, seeing that the sewage does noi 
percolate through the filter, but trickles freely over the surfaces 
of the particles of which it is composed. Such filters therefore arc 
more correctly kno-wn as " tricklmg filters." In America thej 
are also caUed " sprinkUng fUters." 

There is considerable difference of opinion as to the best deptl 
for a lUter. It is generally agreed that most of the purffication is 
effected in the upper layers, and good results have been obtained 
from beds as shallow as 3 feet. A depth of 4 feet is desirable, and 
many authorities prefer more. The extensive filters at Birmingham 
are 6 feet deep, and in America a depth of 10 feet is not uncommon 
At Reading, where trickling filters are now being mstaUed tc 

complete the purffication of the effluent from the activated sludge 
plant, comparative experiments were carried on with fUters respec
tively 6, 9, 10, and 14 feet deep. The quantities dealt m t h by 
each were as follows :.—• 

Depth of 
Filter. 

6 feet 
9 „ 
10 „ 
14 „ 

Gallons per square 
yard per day. 

550 
360 

400 to 916 
916 

Gallons per cubic 
yard per day. 

275 
120 

120 to 275 
196 

Even at the highest rates of working all the filters yielded good 
effluents, contaimng considerable quantities of oxidised nitrogen. 
It was accordingly decided to lay do-wn two acres of fUters 9J feet 
in average depth. 

A deep filter requires a smaller area of floor and fewer or smaller 
distributors than a shaUow fllter of the same capacity, and is 
consequently less expensive to construct. O n the other hand, a 
deep filter requires more fall, which cannot always be spared. 
Free drainage and aeration are essential. As an aid to drainage 

a layer of coarse material is usuaUy placed in the bottom of the 
filter. The whole floor is sometimes covered with a false floor of 
stoneware tiles. These are excellent, but very expensive. Good 
drainage can be obtamed by laying lines of 5-inch or 6-inch earthen
ware channels say 18 inches apart on the fllter floor, which should 
have a shght slope towards main channels sunk in the floor and 
covered -with concrete slabs (Fig. 61). The channels are some
times perforated, but this adds to their cost, and is quite unnecessary. 

Y 
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A circular filter is sometimes drained to a central chamber anc 
sometimes to a channel surrounding the filter; but -with either oJ 
these arrangements the drains are crowded together toward th( 
centre and wider apart at the circumference. It is more convenieni 
to have them parallel at a uniform distance apart. 

PLAN 

5ECTION 

FIG. 61.—FrLTES DRAINS. 

If the filtering material is not too fine, air -wUl pass through U 
freely either from the underdrains upwards or from the surface 
do-wnwards, accorcLing to the relative temperatures of the filter and 
the air outside. The sewage, as it passes do-wn through the filter 
also tends to carry the air -with it. With a view to better aeration 
the walls of a filter are sometimes formed of honeycomb brickworl 
or even of large lumps of clinker, but this is not desirable, for the 
excessive draughts of cold air in -winter lower the temperature oJ 
the filter, and thereby impair its efficiency. The open sides more 
over form breeding places for multitudes of very troublesome flies. 

Clinker walls are sometimes used with the object of sa-ving cost 
but the saving is often more apparent than real, for the floor has 
to be widened to carry the wall, and if the filter is below the grounc 
level more excavation will.be necessary. 

The bacteria in a filter can Uve and work through a -wide range 
of temperature, but they are more active in warm weather than ir 
cold. The late Colonel Ducat enclosed his filters in a buUding 
which he warmed with a stove, but in this country at any rati 
artificial heating is quite unnecessary. Even during the severe 

http://will.be


O X I D A T I O N O F D I S S O L V E D I M P U R I T I E S 323 

winters which prevail in many parts of the Umted States and 
Canada, the filters go on working when covered -with 2 or 3 feet 
of snow. 
Distribution. It is essential to the proper working of a filter 

that each cubic foot of the material in it should do its fair share 
of the work, and much attention has been devoted to the problem 
of distributmg the tanlc effluent over its surface. 

In Bald-win Latham's " controlled ffiter " the top layer of fine 
sandy soil was reUed on to distribute the effluent, but the quantity 
dealt -with was small, and -with the high rates of working which 
are usual to-day better means for distribution are necessary. 

Wooden troughs, -with notches cut in their sides, have been tried, 
but are not suitable for distributing a varying flow over a large 
fUter. For small ffiters, however, servmg single houses or small 
institutions, cast-iron troughs form convenient distributors, especiaUy 
when the sewage is sent on to them in flushes. 

Stoddart's distributor (Fig. 62) consists of trays of thin sheet 
metal, bent into alternate gutters and ridges in the form of a " W," 
and laid on steel beams a few inches above the filter surfax3e. The 
tank effluent flows along the gutters and overflows through notches 
out in the ridges, dropping on to the filter in a continuous rain. 
These trays are very convement for small filters, but are not suitable 
for use in large works. 

FIG. 62.—STODDART DISTRIBUTOR. 

The filters at SaUord and Birmingham, which cover many acres, 
are fed by fixed pipes laid at or near the surface of the material and 
suppUed -with effluent under a head of several feet. The effluent 
is sprayed on to the beds by speciaUy formed nozzles, screwed into 
the pipes at regular intervals. This mode of distribution is largely 
used in America, but in this country travelhng distributors are 
generally employed. The Birmingham, Tame, and Rea Drainage 
Board are now considering the question of equipping seven acres 
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of their filters -with mechamcal distributors m place of the present 
spray jets, -with a view to greater efficiency. 

Such distributors usuaUy take the form of perforated pipes, 
which in the case of a circular filter revolve on a central support, 
and in that of a rectangular ffiter travel to and fro over the bed. 
They may be driven either by a motor or by the unbalanced pressure 
of the efiuent on the back of the pipes opposite the jets. A pressure 
of a few inches will usually suffice to work them, but more is required 
in a high -wind. 

A rotary distributor is fed from the column which supports it, 
leakage from the joint being prevented either by packed glands 
or by seals of mercury or water. In some distributors glands and 
mercury seals are aUke dispensed with, and the sewage from the 
central column overflows or is siphoned mto an annular trough 
from which the arms are suppUed. 

A small rotary distributor m a y have two arms only : larger 
ones usually have four. The whole of the dry-weather sewage is 
sometimes dealt with by two of the arms, the other two bemg 
reserved to deal -with the extra flow in time of rain, when the 
sewage heads up in the central columns and overflows the weirs 
which supply them. 

The distributor is usually hung by adjustable guys from a central 
head which runs on ball bearmgs, but m the buoyant type the 
whole or part of its weight is carried by a central float. Uffiess 
the works are well fenced in, a revolvmg distributor forms a very 
attractive roundabout for children. 

Such a distributor delivers the effluent to the ffiter in a series of 
concentric rings, lea-ving the intervening spaces dry. The spacmg 
of the orffices m the different arms should therefore be varied, so 
that the jets from each m a y impmge on the spaces which are left 
by the others. Seemg that each orffice at the outer end of an arm 
describes a much larger circle than one nearer the centre, the 
intervals between them should be dimimshed from the centre 
outwards, or their cUameter should be mcreased. 

The arms of a (Ustributor are usually made of -wrought iron or 
steel, the holes being sometimes bushed -with brass or gun-metal, 
so that they m a y not be closed by rust. These holes tend to 
become choked with suspended matter and fungoid gro-wths, and 
require frequent clearing. With a -view to reducing the amount 
of attention required, the holes are sometimes replaced by slotted 
openings in the tops of the pipes, and the effiuent is dehvered to 
the fllters through notches. 

In the FidcUan cUstributor (Fig. 63) perforated pipes are entirely 
cUspensed -with, and long shallow water-wheels are used insteaci. 
These wheels are driven by the effiuent as in the case of an ordinary 
miUwheel, and, as they move on, the effluent drops from the buckets 
on to the bed. Fidclian distributors can be used either on rect
angular or circular filters. In the former case they run on rails 
carried by the side walls; in the latter only the outer end runs 



[BT/ Courtesy of Messrs. Jones & Attwood, Ltd. 

FIG. 63.—FIDDIAN DISTRIBUTOR. 

[Facing p. 324. 
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on a raU, the inner end being supported and fed by a central column 
^^ ̂ ^ *^® °̂ ss of a pipe cUstributor. 
A (iistributor which travels up and do-wn a rectangular ffiter is 

supphed -with effluent from a longitudinal trough by means of a 
siphon. W h e n the distributor arrives at the end of the bed it is 
stopped by buffers and started on its return journey. 

Many modern distributors consist of pipes which span the greater 
part of the beds, with water-wheels at the outer end to drive them. 
The outer end usually runs on a raU carried by the ffiter wall, but 
Jones & Attwood make a (Ustributor m which raUs are dispensed 
-with, the distributor being propeUed by means of an endless chain 
which Ues on the surface of the filter and is driven by the water-
wheel. 

Dosing Appliances. In order to get the maximum amount of 
work out of a ffiter it should receive the tank effiuent continuously 
at a constant rate, but this is rarely practicable. The rate of 
flow to the outfall varies greatly throughout the twenty-four hours, 
being usuaUy greatest during the morning, and often falhng off to 
a mere trickle at mght. It is cUfficult to (Ustribute a small flow 
over a ffiter -with any approach to umformity, and most cUstributors 
require a certain minimum flow in order that they may work at all. 
In some cases they are worked continuously during the day, and 
the flow is cut off as soon as it falls below a certain minimum. 
UsuaUy, however, the tank effluent is received in a dosing chamber, 
which is discharged automaticaUy as soon as it is fuU. The chamber 
is sometimes emptied by means of a valve, actuated by floats, but 
more frequently by an automatic siphon. If a valve is used, it is 
important that the floats should not bear on it until they are 
actuaUy in motion, or they m a y Uft it from its seat just enough to 
aUow the sewage to dribble through. This m a y be prevented by 
the use of a counterweight, which holds the floats do^wn untU the 
sewage has risen to the proper height, a little slack being provided 
on the valve rod, so that the valve does not begin to open until 
the counterweight is well in motion. In the arrangement shown 
in Fig. 64, the valve is replaced by a beU, and no slack is required. 
A siphon (Fig. 40, p. 238) has no mo^ving parts, and is generally 

used where the fall permits. Siphons are on the market which -wUl 
work with a fall of 1 foot. The siphon does not come into action 
untU it is submerged to a depth of several inches, the passage 
being blocked by the air under the beU. W h e n the sewage has 
risen to the proper level, this ak is blown off through a rehef pipe 
and the siphon starts up fuU-bore. Such siphons usually work well, 
and require no attention. Occasionally, however, the air-pipes 
become choked with grease, and have to be cleared. 
This mode of working has been objected to on the ground that 

a little time elapses between the commg into action of the siphon 
and the starting up of the cUstributors, and that the effluent which 
comes on to the filter durmg this interval is dehvered contmuously 
to the same spots. If this went on for any length of time, the 
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material through which the effiuent passed continuously would be 
unable to purify it, but most cUstributors start up so quickly that 
the quantity of effluent wMch escapes from them before they do 
so is neghgible, and their momentum carries them on after the 
flow from the dosing chamber has ceased. 
The intervals between successive doses should not be too long, 

but, on the other hand, the doses should not be so small that the 
distributors start and stop every few minutes. It -will generaUy be 
convenient to make the dosing chamber large enough to hold 

I 
I . ' 

FIG. 64.—DOSING VAI^VE. 

about twenty-flve mmutes' average dry-weather flow, so that if 
the stored effluent takes five minutes to pass off the filters wUl 
receive a dose every half-hour. With flows less than the average 
the intervals •wUl of course be longer, and •with greater flows shorter, 
and in wet weather the distributors may even work continuously. 

A dosing chamber is in effect a small secUmentation tank, and 
wMle it is fUling an appreciable amount of suspended matter -will 
settle from the effluent. It is surprising therefore that these 
chambers are often so formed as to ensure the passage of the 
deposited sohds on to the filters. It is an easy and inexpensive 
matter to provide room in the bottom of the chamber to retain 
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the particles which settle from the effluent, -with a valve for draw
ing them off. Fig. 65 shows a simple arrangement whereby the 
alternate rise and fall of the Uquid in a dosing chamber may be 
utihsed to keep the bottom of the chamber free from deposit. 

Time of Passage through Filter. The purffication which is 
effected by a ffiter does not take place all at once, but is brought 
about by many different varieties of bacteria working in succession. 
This fact was demonstrated by Scott Moncrieff, who constructed an 
experimental fllter consistmg of eight superimposed trays of coke 
each 7 inches deep. If these trays were rearranged in a cUfferent 
order, the amount of purffication effected fell off untU the proper 
bacteria had time to re-estabUsh themselves. 
Not-withstandmg the number of operations mvolved, the puri

fication of sewage by a filter takes place fairly rapidly. Colonel 
Harding poured a pint of dye upon the surface of a ten-foot filter 
at Leeds, and the colour came through in three mmutes. Clifford, 
working with an experimental filter 2-4 feet deep, and usmg salt 
as an indicator, found that the time of passage varied mversely 
-with the rate at which the sewage was appUed to the filter and 
with the coarseness of the material of whioh it was composed. 
With 200 gaUons per square yard per day the sewage passed 
through 2-4 feet of coarse destructor chnker in 30 minutes, and 
through the same depth of ffiie oliffiier in 148 minutes. It appeared 
from his experiments that a contact of 100 minutes -with the filtering 
material was required for purification. 
It should be borne in m m d that a considerable quantity of liquid 

is held by capUlarity between the particles of material and in its 
pores, and that when more sewage is applied to the surface of a 
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filter it pushes this entrained liquid before it. The sewage may 
therefore be detained in the filter much longer than might be 
inferred by noting the time which elapses between its apphcation 
and the quickemng of the discharge. When, as is usually the case, 
the sewage is showered on to a filter mtermittently, the rate of 
cUscharge is often approximately constant. 

Growths on Filters. Unless the filtering material is coarse 
enough to allow suspended matter to pass through it freely, a 
trickling ffiter is apt to become choked. In addition to the chokage 
which is caused by the suspended and coUoidal matter in the tank 
effluent, a thick, gelatinous fungoid growth sometimes forms on 
the surface of a ffiter. This usually happens m the -winter or 
early sprmg, and the growths may develop to such an extent as 
to cause the effluent to pool on the surface of the bed. The ques
tion of growths is somewhat obscure. The Royal Commission, 
in their FUth Report, quote a number of cases in which they have 
given rise to serious trouble, and others, where the concUtions 
appeared to be similar, in which no such dlifflculty has been 
experienced. 
The formation of growths may be checked by restmg the ffiters, 

and on other grounds a periodical rest is always desirable. The 
adcUtion of a Uttle chlorine to the sewage or tank effiuent may 
also help. Gro-wths can be destroyed by the appUcation of a 
strong solution of caustic soda or copper sulphate. They may 
also be removed by seeding the ffiters -with Achorutes viaticum, a 
tiny purple-black insect which has a voracious appetite for 
sludge. 
Humus Tanks. A sewage ffiter, as already pointed out, is not a 

filter m the accepted sense of the term, for it is not intended to 
strain the liquid which passes through it. The greater part of the 
suspended matter which this liquid may contain -will therefore be 
carried do^wn through the filter and pass out -with the effiuent. In 
addition to this, much of the colloidal matter whioh is present in 
the tank effluent will settle out on the surfaces of the filtering 
medium, forming films which will gradually increase in thickness 
and ultimately break away. This " uffioadmg" usuaUy takes 
place in the early spring, when the weather begms to get warmer. 
The effluent from a new filter moreover •will usually contam a 

good deal of dust and fine particles derived from the filtermg 
material. 

If the effluent, as it leaves the filters, is cUscharged at once into a 
stream, the suspended solids will settle and form deposits, which 
may in time become very offensive. The Royal Commission accord
ingly recommended that any effluent which is to be discharged 
into a river or stream shall contain not more than 3 parts of sus
pended solids per 100,000. The filtered effluent from all but the 
smallest works should therefore be passed over land or through a 
" humus tank " before it is discharged. 
A humus tank is merely a settling chamber, and the same con-
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siderations which govern the design of a sedimentation tank apply 
equaUy to that of a humus taffit. A deep upward-flow tank is m 
every way the best, not the least of its advantages bemg the fact 
that the deposited humus can be withdra-wn without emptying the 
tank. Where, however, the ground is very wet or unstable, it may 
be necessary to use a rectangular tank. In view of the fact that 
the sewage ordinarily passes much more quickly through a humus 
tank than through a secUmentation tank, the greatest care must be 
taken to prevent short-circuitmg. 

The Royal Commission suggested that a humus tank should 
contam not less than two hours' dry-weather flow. This capacity 
is scanty, especially when it is borne in mind that in wet weather, 
when three times the dry-weather flow is being dealt with, the 
effluent will pass through the humus tank in forty minutes. The 
Mimstry of Health aceorcUngly call for a m i m m u m capacity of three 
hours' dry-weather flow, and four hours' flow is generally considered 
ad-visable. 
Quantity of Sewage dealt with. The quantity of sewage which 

can be dealt -with by a filter -will depend on the strength of the 
sewage and the kind of prehmmary treatment which it has under
gone. The rates at wffich filters are worked are generally based 
on the recommendations which were made by the Royal Com
mission m their FUth Report, and w M o h were adopted by the Local 
Government Board in a confidential memorandum issued to their 
Inspectors. The contents of this memorandum have long been 
public property. 

Tables X X X V I I and X X X V I I I show the number of gaUons of 
dry-weather sewage per day which can be dealt with by each cubic 
yard of the material in contact beds and tricklmg filters respectively, 
when designed to treat sewage and storm-water up to three times 
the dry-weather flow. In time of storm each cubic yard of material 
-will deal with three times the number of gallons sho-wn. It may 
sometimes be desirable to use flgures mtermecUate between those 
given in the tables. These must be regarded as being of an 
elastic nature, and every case should be dealt with on its o-wn 
merits. N o flgures are given for cases in which the sewage has 
received a prehnUnary treatment by the activated sludge process, 
but, as mentioned on p. 348, the effluents so obtained can be 
ffitered at a very high rate. 

Except in the smallest works, there should always be at least 
two filters, and more are desirable. 

Contact Beds v. Trickling Filters. The contact bed has always 
been in cUsfavour in many quarters, and the comparisons whioh 
have been dra-wn between it and the tricklmg filter have generally 
been to its cUsadvantage. Such comparisons, however, have often 
been grossly unfair, for early contact beds, roughly formed in the 
ground -without floors or waUs, filled -with any kind of material, 
-with little or no provision for drainage, and worked in a manner 
not calculated to produce the best results, have been compared 
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-with tricMing filters filled -with carefully selected material, well 
dramed and rationally worked. 
Making all allowances, however, a trickling filter -wUl usuaUy 

deal -with more sewage per cubic yard of material than a contact 
bed, and yield better and more uniform effluents. 

There are nevertheless certain special cases in which contact 
beds m a y be preferable to triokUng ffiters. Some trade effluents 
are more amenable to treatment in a contact bed than m a trickling 
filter : it m a y be important to avoid all risk of nuisance from the 
spraying of the tank effluent or from files ; or the fall avaUable m a y 
be too little for a trickUng filter. In any of these cases contact 
beds m a y be used -with ad-vantage ; and it should not be forgotten 
that there are 85 acres of contact beds at Manchester doing good 
work to-day. 

TABLE XXXVII. 

Gallons per cubic yard dealt with by Contact Beds. 

Preliminary 
Treatment. 

Detritus Tanks . 
Septic Tanks 
Settlement Tanks 
(Continuous 
flo-w) 

Settlement Tanks 
(Quiescent) 

Precipitation 
Tanks (Continu-
otis flo-vf) 

Precipitation 
Tanks (Quiescent) 

Strong Seivage. 

Single 
Con
tact. 

Double 
Con
tact. 

33 

43 

Triple 
Con
tact. 

GaUon 
25 
33 

33 

44 

X 

X 

Se-wage of Average 
Strength. 

Single 
Con
tact. 

3 per 0 

Double 
Con
tact. 

ubie ya 
25 
38 

38 

50 

50 

66x» 

Triple 
Con
tact. 

rd per d 
X 
X 

X 

X 

X 

X 

( 
Weak Se-wage. 

Single 
Con
tact. 

ay. 

75 

75 

100 

133* 

133* 

Double 
Con
tact. 

38 
66* 

66* 

X 

X 

X 

Triple 
Con
tact. 

X 
X 

X 

X 

X 

X 

Notes.—The beds should not as a rule be less than 2 feet 6 inches nor more 
than 6 feet in depth. 
The different series of beds, for double and triple contact, should have equal 

cubic contents, failing any evidence to the contrary. 
•Where a blank is left in the tables, the partictilar treatment indicated would 

only be desirable in exceptional circumstances, as the method would not 
generally be economical. 
In eases marked thus *, the treatm.ent indicated would only be necessary in 

exceptional circixmstances (e.g. where an unusually good effluent is required). 
•VVhere three times the dry-weather flo-w has to be dealt with in wet weather, 

the individual beds, in the cases marked thus x, should be small (to facilitate 
rapid filling and emptying), or the total cubic contents of the filters should be 
increased. 
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TABLE XXXVIII. 
Gallons per cubic yard dealt with by Trickling Filters. 

Preliminary 
Treatment. 

Detritus Tanks 
Septic Tanks 
Settlement Tanks (Con
tinuous flo-w) 

Settlement Tanks 
(Quiescent) 

Precipitation Tanks (Con
tinuous flow) 

Precipitation Tanks 
(Quiescent) 

Strong Se-wage. 

Coarse or 
Medium 
material. 

15 
45t 

45t 

50t 

65 

100 

m n e 
material. 

GaUons p 

« 
# 
» 
25 

50 

65 

Se-wage oJ 
Average Strength. 

Coarse or 
Medium 
material. 

er cubic y 
25 
70 

70 

100 

100 

130 

I-ine 
material. 

ard per da 

ff 
# 
« 
70 

80 

130 

Weak Sewage. 

Coarse or 
Medium 
materia]. 

y. 
40 
100 

100 

130 

150 

170 

Fine 
material. 

ft 100 

100 

ISO 

175 

200 

Notes.—^A filter may be regarded as " coarse " if the material will not pass 
through a 1-inch sieve; as " medium " if it -wiU pass through a 1-inch, but 
not through a ̂ -inch sieve, and is " fine " if it will pass through a J-inoh sieve. 

" Coarse '' material -will be desirable iu all cases where the liquid to be treated 
contains much suspended matter. 

In the cases marked *, the use of "fine " material would not be desirable 
unless the circumstances were exceptional. 

-j- If " medium'' sized material were used in these cases the figures should be 
reduced by about 10. 



CHAPTER X X X I V 

THE ACTIVATED SLUDGE PROCESS 

DQ-WN to the time of the Great War all sewage-cUsposal works in 
this country were based on the same general principles, and the 
purffication of the sewage was carried on in two stages. The sus
pended solids were first removed; the dissolved impurities were 
then oxicUsed in some form of filter. 

About that time a revolutionary new departure was in course of 
development which has profoundly mocUfied the design of many 
recent works. The old order of working has been reversed. The 
oxidation of the cUssolved impurities comes first; the separation 
of the suspended matter foUows. Filters are done away with, and 
the whole of the treatment takes place in tanks. 

Experiments in Aeration. Novel as the activated sludge process 
is, it is based on experimental work which was carried on fifty years 
ago. In view of the fact that the purification of sewage is essentiaUy 
an oxidation process, it was natural to suppose that it might be 
brought about by passing oxygen through the sewage. As long ago 
as 1882 the aeration of sewage in conjunction -with precipitation 
by U m e was exhaustively stucUed by Dr. Angus Smith. In M s 
report to the Local Government Board for 1882 he showed that 
putrefaction might be delayed, and that the formation of mtrates 
might be facffitated, by agitating the sewage -with a current of air. 
T w o years later the aeration of sewage was studied by Dr. Dupre 
and Mr. W . J. Dibdin. They concluded that aeration produced 
comparatively httle effect upon the sewage -with which they 
experimented. 
In 1888 a British patent was granted to Hartland & Kaye-Parry 

for a process of purification w M c h included a chamber m wffich air 
was blown through the sewage. 

In 1890 and 1891 mvestigations were carried on by Professor 
Drown in the laboratories of the Massachusetts State Board of 
Health, and by Mason and Hine at the Rensselaer Polytechnic 
Institute, into the effect of agitation and aeration upon the organic 
content of water and of mixtures of water and sewage, and by 
Professor Leeds mto the change in the character of the Niagara 
River which is brought about by its passage over the Falls. The 
conclusion reached as the result of these investigations was that 
the oxidation of the organic matter in water is not hastened to any 
great extent by agitation and aeration. 

In 1892 the late S. R. Lowcock began a series of experiments at 
332 
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Malvern in the aeration of sewage in filters and in tanks. He 
constructed two filters, 6 feet in depth, composed of sand, pebbles, 
and broken stone, into whioh air was iDlown through pipes, placed 
m the one case under the fine top layer and in the other at mid-
depth. The sewage fiowed on to the ffiters continuously at a rate 
of 263,7-80 gallons per acre per day. The effluent from these filters 
was clear, colourless, odourless, and tasteless, and showed a very 
high percentage of purffication. The aeration of sewage in tanks 
also gave good results. About the same time Colonel Warmg 
carried out simUar experiments in America. 
In 1904 Turner Henderson, of Oxford, obtained a patent for a 

process of sewage purffication by aerobic bacteria -with the aid of 
air mtroduced through a spraying or atomismg device which was 
not altogether unUke the " cUffusers " in use to-day. 
StucUes of rapid ffltration aided by artfficial aeration were begun 

in 1893 at the La-wrence Experiment Station of the Massachusetts 
State Board of Health. Excellent results were obtamed, but the 
cost of compressing the air was prohibitive. In 1912 a further series 
of experiments was put in hand on the aeration of sewage in tanks 
as a preliminary to filtration. These experiments showed that by 
aerating sewage in tanks filled -with vertical slabs of slate about an 
inch apart a remarkable reduction of its suspended and colloidal 
matter was brought about at a cost certainly no greater than that 
of chemical precipitation, and that sewage thus treated could be 
further purffied by filters worked at a very high rate. 
Successful as many of these experiments were as demonstrations 

that sewage could be purffied by aeration, none of them resulted 
in a practical process for purUymg sewage under everyday working 
concUtions. Attention had been concentrated on the mtroduction 
of oxygen into the sewage, but no effective provision was made for 
utffising it, and the air escaped from the sewage before the oxygen 
had time to enter mto combination -with its impurities. W e now 
know that it is of httle use to blow air through sewage uffiess means 
are provided for brmgmg the oxygen into combmation -with the 
poUutmg matter, and that this can offiy be accompUshed by the 
agency of bacteria. None of the earUer experimenters reahsed 
this, and it was through their omission to do so that their work, 
valuable as it was, led to no practical result. 
Experiments with " M 7." It remamed for Dr. G. J. Fowler to 

bridge the gap between a promismg Ime of experiment and a prac
ticable mode of purffication. As long ago as 1897 he tried the effect 
of aeratmg the effluent from the precipitation tanks at Manchester, 
but -without result. FUteen years later, in collaboration with the 
late Major Mumford, he carried out some remarkable experiments 
-with an orgaffism, which they designated " M 7," found in pit 
water impregnated -with iron. They passed the effluent from a 
sedimentation tank into a second tank, where it was moculated 
with M 7 and a small dose of ferric salt, and blew air through it for 
about six hours. The sewage was then passed through a third 
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tank, and finally ffitered at the rate of 3,000,000 gallons per acre 
per day. 

Activated Sludge. In 1912, in the course of a -visit to the Umted 
States, Fowler saw the laboratory experiments whioh were then in 
progress at La-wrence, and on his return to England he suggested 
to Ardern and Lockett that further investigations might be cariied 
out on simUar lines. Manchester raw sewage was accordmgly 
aerated contmuously m 80-ounoe bottles for about five weeks, by 
the end of which complete mtrification had taken place. The clear 
Uquid was then dra-wn off, lea-fing the deposited solids m the bottles. 
This operation was repeated several times. O n each occasion the 
bottles were filled, the contents aerated, and then drawn ofi:, leavmg 
the deposited soUds beffind. As the amount of deposit mcreased, 
the time required to effect complete mtrffication was graduaUy 
shortened, and it was eventually found possible to complete the 
oxidation of the crude sewage -witMn twenty-four hours. 

The importance of these experiments can harcUy be over
estimated, for they supplied the key to a problem which had 
baffled all efforts at solution for more than thirty years—the 
problem of utffismg the oxygen which was introduced mto the 
sewage. The new and essential factor which rendered this possible 
was the change wffich was brought about in the nature of the 
deposited sohds by prolonged aeration. As the result of tffis 
aeration the anaerobic orgamsms origmally present m the sohds 
were destroyed and replaced by aerobic bacteria, which were able 
to seize on the oxygen of the air and brmg it mto chemical 
combination -with the impurities of the sewage. 

Sludge which has undergone this transformation is said to be 
" activated," and the process of purUymg sewage by means of 
this sludge is accordmgly kno^wn as the " activated sludge process." 

The agencies whereby sewage is purified in this process are 
identical •with those which are employed m an orcUnary trickling 
filter. In both cases the impurities in the sewage are oxidised by 
the action of aerobic bacteria, but whereas the bacteria in a ffiter 
are anchored to fixed pieces of solid material, those in an activated 
sludge tank are attached to rapidly m o v m g particles. These 
particles, as they dart hither and thither through the sewage, 
sweep out of it the coUoidal matter and the fine suspended sohds 
which it contams, and build them mto their own substance. Instead, 
in short, of passing our sewage through a filter, we pass the filter 
through the sewage. 

The air which is used in the activated sludge process serves a 
twofold purpose. It not only supplies oxygen wherewith to purify 
the sewage, but it also stirs up the contents of the aeration tank, 
bringmg every drop of the sewage in turn mto contact -with the 
sludge. In order that this m a y take place, it is necessary to keep 
the whole of the contents of the taffit in rapid circulation, for •with 
velocities less than about 1| feet per second the sludge is apt to 
settle out from the sewage. 





[By Courtesy of 

FIG. 66.—DIFFUSERS. 

Activated Sludge, Ltd. 

[Facing p. 335. 
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The practicabffity of purifymg sewage by means of activated 
sludge havmg been demonstrated, further experiments on a larger 
scale were put m hand, -with the object of ascertaimng how much 
air is required, the best way to introduce it into the sewage, the 
proportion of sludge wffich should be retamed therem, and the form 
of tank and mode of workmg which would give the best results. 
Diffusers. In the earUer experiments the air was blo-wn m 

through perforated pipes, but these dehvered it m large bubbles, 
wffich qmckly rose to the surface and escaped, and excessive 
quantities of air had to be used. With a view to supplying the 
air m a state of fine subcU-vision, Jones and Attwood, of Stourport, 
to whose enterprise the development of the activated sludge process 
is largely due, carried out a long series of experunents, as the result 
of whioh they conceived the idea of ffitroducjmg the air through 
porous tUes, made of fine concrete. These were cemented mto the 
tops of shallow cast-iron boxes, mto which the air pipes were led. 
In the latest type of diffiuser (Fig. 66) vitrffied tUes are used. 
They are fastened on to the tops of the iron boxes by screws, 
the joints bemg made airtight by rubber rmgs. 
These tUes, or " cUffusers," as they are called in tffis country, 

deUver the air ffi a myriad of tffiy bubbles, and when new they -will 
pass some 2 cubic feet of air per square foot per mmute with a loss 
of head of about 3 ffiohes. In course of time, however, their pores 
became clogged with suspended matter and growths, necessitating 
a Mgher pressure to force the air through them. This may go on 
to such an extent as to render it necessary to take out and clean 
the tUes. The Mimstry of Health estimate the useful life of a 
diffuser at about five years. 
To prevent the pores of the diffusers from beoommg choked, the 

air which is suppUed to the compressors should be clean, so shoffid 
not be dra-wn from an engine-room or any other place where it is 
liable to contam dust. At some of the larger American works 
the air is washed or ffitered before bemg compressed. The tUes 
wffich are used in the United States are caUed " FUtros plates." 

It seemed likely at one time that a large economy of air might 
be effected by mtroducmg it for about five seconds at a time, with 
mtervals of about ten seconds between, but this expectation has 
not been borne out m practice, and the air is now supphed 
contmuously. 

The quantity of air required depends on the composition and 
strength of the sewage. A gaUon of weak domestic sewage may be 
purffied -with as little as 1 cubic foot of air. A gaUon of strong 
tannery waste may require 6 cubic feet or more. Not less important 
is the rate at which the air is supplied to the diffusers. With less 
than 1-4 cubic foot of air per mmute per square foot of cUffuser the 
sludge is Uable to sink to the bottom of the tank and choke the 
pores of the tiles. 

The air must be deUvered from the compressors at a pressure 
sufficient to overcome the frictional resistance of the pipes and 
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the cUft'user tiles and the pressure of the sewage on the latter. 
The pressure of the sewage •will depend on the depth of the tank : 
a depth of 10 feet gives a pressure of 4-3 lb. The resistance of the 
tiles m a y vary from 3 mches to a foot or more. If the air pipes 
are of adequate size and moderate length, the loss of pressure in 
them will be small. Table X X X I V gives the head required to 
convey air through pipes of cUfferent sizes. It is usual to deUver the 
air with a slight excess of pressure, and to place a regulatffig valve 
on the pipe which supplies each diflhiser or group of diffusers. 

In the early activated sludge tanks the diffusers covered from 
one-sixth to a quarter of the area of the fioors. This ratio has 
been progressively reduced, and in favourable circumstances each 
square foot of cUffuser •will now suffice for 18 square feet of tank area. 

The air m a y be compressed either by a reciprocating compressor 
or by a rotary blower, driven by any convement motive power. 

[By Courtesy of The Institution of CivU Engineers. 

FIG. 67.—RIDCJE AND FUBROW ABBANOEMENT. 

Where electricity is avaUable, it is generally employed for the 
purpose. The power required to compress air to various pressures 
is given m Table XXXIII. 

Ridge-and-Furrow v. Spiral Flow. There are two ways m wffich 
the diffusers m a y be arranged. The floors of the earlier tanks were 
formed ffi a succession of ridges and furrows at right angles to the 
direction of fiow, with a Ime of diffusers m each furrow (Fig. 67). 
The air, as it emerged from each Ime of cUffusers and rose through 
the sewage, formed a wall of bubbles, through wffich the onfiowing 
sewage had to pass. The ascending air set up a series of vertical 
whirls, each of which went on rotating in the same place, while 
the sewage passed on slowly from one whirl to the next. 

In the alternative, or " spiral-flow," arrangement the fioors of 
the tanks are flat, and the diffusers are disposed in Imes along one 
side of them. The mixture of air and sewage above the cUffusers, 
being hghter than sewage alone, rises at once to the surface, crosses 





[By Courtesy of Mr. Cliarles H. Hurd. 

FIG. 68.—SPIRAL CIRCULATION. 

[Facingp. 337. 
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the tank, descends on the other side, and returns across the floor, 
settmg up a rapid spiral circulation. This is well shown in Fig. 68, 
which is a reproduction of a photograph of an experimental tank 
of glass, taken by Hurd, of Indianapolis. 
If the tanks are made wider and the cUffusers are placed on the 

centre Une mstead of on one side, the ascending stream of sewage 
and air -will divide at the surface and branch off to the right and 
to the left, setting up two circulations mstead of one. Each 
revolvmg stream will then have offiy one wall face to pass over, 
mstead of two, and the power required to overcome surface friction 
-wUl be correspondingly reduced. 

The spiral-flow tank has been generally employed of late years, 
to the neglect of the ridge-and-furrow arrangement, but doubts 
have recently arisen as to its superiority. It has the cUsadvantage 
that the sewage toward the centre of the tank does not circulate 
as fast as that which surrounds it, and that ffi the actual centre 
there is a stagnant core, the sewage passing along which receives 
very little treatment. Doubtless for this reason spiral-flow tanks 
have not always given the results which had been expected of them, 
and there is now a tendency to revert to ridge-and-furrow tanks. 
To counteract the cUsadvantage above referred to, walls are 

frequently placed at mtervals across the tank, -with opeffings at one 
of the lower corners, so that the whole of the sewage, on its way 
from one compartment to the next, has to pass over the diffusers. 
Aeration tanks as shallow as 5 feet deep have been used, but a 

depth of 10 or 12 feet is desirable. The greater the depth of the 
tank the more power -wUl be required to compress each cubic foot 
of air, but to compensate for this the air -will take longer to rise to 
the surface of a deep tank, and -wUl therefore give up more of its 
oxygen to the sewage. Coombs argued from this that each cubic foot 
of air used ffi a deep tank would purify t-wice as much sewage as it 
would in a tank of haU the depth, and this expectation has led to 
the construction of some very deep tanks. Those at Readffig are 
no less than 23^ feet deep, a depth wffich is generaUy considered 
excessive. It is doubtful whether there is any advantage in ordmary 
cases in mcreasmg the depth much beyond 12 feet. 

In the earUer experiments -with activated sludge the working 
was mtermittent. The tank was fflled -with sewage, with the 
desired proportion of sludge, and this was aerated until the sewage 
was purffied. The supply of air was then shut off, and the contents 
of the tank were aUowed to come to rest. As soon as the sludge 
had had time to settle, the clear Uquid was dra-wn off do-wn to just 
above the level of the sludge. A part of this sludge was next 
-withdra-wn, lea-rang just enough to deal-with the next filUng of sewage. 
Tffis mode of workmg, which is kno-wn as the " fiU-and-draw " 
method, gives excellent results ; but it is more conveffient m prac
tice to allow the sewage to flow through the tanks contmuously and 
to mamtaffi the supply of air day and mght. Due precautions 
must of course be taken to prevent the mcoming sewage from 

z 
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forcmg its way through that already in the tanks and passing out 
without adequate purffication. 

Series v. Parallel Working. Where there are several aeration 
tanks, they may be used either in series or in parallel. The objection 
to series working in the case of ordmary secUmentation tanks, viz. 
the increased velocity at wffich the sewage passes tlirough them, 
does not apply to aeration tanks, in whioh a high velocity is an 
advantage, and not a drawback. A further advantage of series 
working, or " stage-workffig," as it is often called, is that the 
treatment of the sewage is carried on step by step, the flrst tank 
always receiving crude sewage, and the subsequent tanks sewage 
wffich has undergone a progressively greater amount of treatment. 
The sludge ffi each tank: has always therefore to deal with sewage 
wffich has arrived at the same stage of purffication, and can do so 
more effectively than U raw and purffied sewage were mixed together 
in the same tank. With series working moreover there is less risk 
that the raw sewage may pass tffiough the tanks -without receivffig 
full treatment. 

Settling Tanks. The sewage, as it leaves an aeration tank, is 
usually clear and ffioffensive, but it always contains a large propor
tion of sludge, which must be settled out before the effluent can 
be discharged mto a stream. The effluent is therefore passed 
through a settlmg tank, whioh is similar in all respects to the humus 
tanks which are used in connection •with tricklmg filters, and m 
which it is defamed for a period of from 1| to 4 hours. A part 
of the sludge is returned to jom the sewage as it enters the aeration 
tank, and the surplus is dra-wn off and disposed of. 
The sludge wffich is produced in the activated sludge process is 

very different from that which is deposited in an orcUnary secU
mentation tank, and is more hke the humus from a filtered effluent. 
When fresh it is quite inoffensive, but it quickly changes its character 
and becomes septic. It is flocoulent and very volummous, and 
contams from 97-5 per cent, to as much as 99-5 per cent, of moisture, 
which it retaffis very tenaciously. 
The value of the diffused-air process is now generally recogmsed, 

and many activated sludge plants, some of them on a very large 
scale, have been laid do-wn both ffi this country and in the Umted 
States. 

M E C H A N I C A L AGITATIOIT 

It has already been poffited out that the air which is used ffi an 
aeration tank serves two distffict purposes. It supphes the oxygen 
which is necessary for the puriflcation of the sewage, and it stirs up 
the contents of the tank. The amount of air which is required to 
oxicUse the impurities of the sewage is comparatively smaU. It 
has been variously estimated at from 3 per cent, to 7 per cent, of 
the total quantity supplied. By far the greater part of the air 
which is used serves the purely mechamcal purpose of agitatffig 
the sewage and keeping the sludge in circulation. It is held ffi 
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many quarters that both objects may be better attamed by other 
means. 
The bubbUng of air through a Uquid is obviously not the most 

effective way to keep that Uquid movffig. It is said, too—and on 
this pomt there is more cUfference of opiffion—that bubbles of air 
do not reacUly give up their oxygen to the Uquid through wffich 
they rise. There is no doubt that much of the oxygen which passes 
mto the sewage is dissolved at the surface, and that tffis process of 
solution goes on much faster when that surface is broken, whether 
by the burstffig of bubbles or by any other means. 
Sheffield System. The activated sludge process may be carried 

on -without compressed air. One of the first to reaUse this was the 
late John Haworth, ChenUst to the Corporation of Sheffield. As 
the result of his observations on the seU-purffication which went on in 
polluted rivers, Haworth came to the conclusion that the necessary 
oxygen might be picked up by the sewage from the atmosphere, pro
vided that the surfaces exposed to the air were constantly changed. 
He accordmgly constructed an artfficial river by dividffig an existing 
tank mto narrow channels, 4 feet -wide and 4 feet deep, connected 
at alternate ends, so as to form one contmuous channel nearly three-
quarters of a mUe in length. In the centre of each length he placed 
a paddle-wheel, driven by an electric motor. These paddle-wheels 
propeUed the sewage along the channels at a velocity of about If feet 
per second, and at the same time broke it up mto a succession of waves. 
Further cUsturbance of the surface took place when the cUrection 

of the flow was reversed at the ends of the channels. The first and 
last channels were connected together, so that the whole system 
formed one contffiuous circuit, round wffich the sewage travelled 
agam and agaffi. Fresh sewage was contffiuously admitted at one 
poffit, an equal quantity of purffied effluent bemg dra-wn off at 
another, remote from the first. The effluent so dra-wn off was 
passed through three settUng tanks, each 24 feet square by 21J feet 
deep. The greater part of the sludge wffich was deposited in these 
tanks was pumped back to the aeration tank, the surplus being 
removed and cUsposed of. 
The first large-scale plant on these Iffies was laid down in 1920 

at Sheffield to deal -with the sewage from the Tffisley district, about 
a quarter of a mUUon gaUons per day, one-third of which consisted 
of the trade wastes from large steel works. After three months' 
workmg very strong sewage from the City was added, the volume 
treated bemg gradually increased to half a mUUon gallons per day. 
The sewage then took about 17 hours to go through the aeration 
tank, durmg which it passed along the whole length of the channels 
some thirty times. 
The results of this treatment were most satisfactory, the effluent 

being almost invariably non-putrescible. The whole of the sewage 
of Sheffield is now dealt -with by the same process, the old contact 
beds havmg been adapted for the purpose. Many similar plants 
have been laid dô wn elsewhere. 
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The padcUe-wheels which Haworth originaUy used cUsturbed the 
sewage too violently, so he stripped off the wooden blades, leaving 
only the steel frames (Fig. 69). These skeleton paddle-wheels answered 
admirably, and they were used for many years as the standard means 
for propelling and agitating the sewage. In his latest plant, how
ever, which serves an outlying part of Sheffield, Haworth has dis
carded padcUe-wheels altogether, and obtains the requisite velocity 
of fiow in the channels by giving them a sUght fall. In order to 
keep the sludge in suspension and to present fresh surfaces to the 
air, he places fixed baffles midway in the channels at an angle •with 
the direction of flow, a dê vice which I suggested ffi an article ffi 
The Surveyor as long ago as 1918. 
I poffited out in the same article that the power wffich is required 

to keep the sewage movmg in an ordinary tank, the cost of wffich 

[By Courtesy of " The Engineer." 

FIG. 70.—HAKTLEY PADDLE. 

is usually very heavy, might be saved by utffismg an outfall sewer 
as an aeration tank. The velocity of flow in such a sewer is always 
greater than is required for the purpose, and it is obtained free of 
cost. An outfall sewer, equipped •with deflectors or equivalent 
means for bringing fresh surfaces into contact •with the air, would 
be the exact equivalent of Haworth's aeration tank. It would be 
necessary to pump back a supply of activated sludge to the head 
of the sewer, but the amount of power required for the purpose 
would be small compared -with that wffich is expended in keepffig 
the sewage ffi an aeration tank in circulation. The London County 
Council are now pumping back the sludge from their activated sludge 
plant at Barkmg into the outfall sewer. 
Although the underlymg prfficiple of Haworth's process is 

identical with that of Ardern and Lookett's, Haworth preferred 
the term " Bio-aeration " to " activated sludge." Watson and 
O'Shaughnessy refer to the process as one of " bio-fiocculation." 



[By Courtesy of the late Mr. J. Haworth. 

FIG. 69.—SKELETON PADDLE-WHEELS. 
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Hartley Paddles. Messrs. Hartley, of Stoke-on-Trent, use a tank 
very similar to Haworth's, but instead of ordinary paddle-wheels 
placed at mid-length in the channels, they employ specially formed 
padcUes revol-vffig on sloping axles at the ends (Fig. 70). For the 
purpose of settmg up a spiral circulation they, like Haworth, place 
fficUned plates, or deflectors, at mtervals in their channels. 

Simplex System. Haworth and Hartley both use shallow tanks, 
di-vided mto channels, along which the sewage travels horizontaUy. 
Bolton, the Manager of the Bury Sewage Works, uses a deep tank 
(Fig. 71), in wffich the sewage circffiates vertically. The taffic is 
usuaUy circular or square, with a coffical or pyramidal bottom, and 
ffi the centre of it there is placed a vertical tube, flared at the top 

[By Courtesy of Mr. Joshua Bolton. 

FIG. 71.—AEEATION TANK (SIMPLEX S-^STEM). 

and bottom, whioh extends to witffin a few ffiohes of the bottom 
of the tank. At the top of this tube there is a cone, or a cUso •with 
ribs on the upper side, which is caused to revolve at a high speed 
by an electric motor. In so doffig it draws the sewage, -with its 
due proportion of sludge, up the tube and flffigs it outward toward 
the sides of the tank. The spray from the cone, impinging on 
the surface of the sewage in the tank, churns it mto a foam, thus 
brmging it mto intimate contact -with the air. The sewage and 
sludge descend slowly through the tank, to be dra-wn up agam 
through the tube. Tffis arrangement, which is kno-wn as the 
" Simplex " system, is -widely used in tffis country and has also 
been adopted m America. 
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All these processes, except that in use at Sheffield, are protected 
by patents both m this country and abroad. Suit was brought by 
the American representatives of Activated Sludge, Ltd., against the 
City of Milwaukee (Wisconsffi) for aUeged infrffigement of their 
patents. The hearffig of the case, which took place at MUwaukee ffi 
May 1929, lasted fourteen days. O n 7th February, 1933, a decision 
was given ffi the Umted States District Court, upholding the patents, 
and this decision was confirmed by the United States Circffit 
Court of Appeals. A further appeal was made to the United 
States Supreme Court, but on 8th October, 1934, the Supreme 
Court refused to re-yiew the decision of the District Court. 

Some thirty-one cities in the United States have been licensed to 

[By Comtesy of " The Surveyor.' 

FIG. 72.—SUBMEBGHD CONTACT AERATOB. 

use the activated sludge process at a charge of twenty-five cents 
(say one shUling) her head. 
Other Methods. In addition to the foregoffig a number of other 

modifications of the activated sludge process have been proposed, 
the essential feature of aU of them beffig the agitation of the 
sewage -with a greater or less proportion of activated sludge. The 
Aersedcon process, in which a mixture of sewage and sludge is 
sprayed on.to the surface of the tank, was in use for some years at 
Egham. Imhoff has mtroduced a novel feature which he calls a 
" submerged contact aerator," and which consists of a frame fiUed 
with brushwood, under which a horizontal perforated pipe, deUverffig 
compressed air, s-wffigs slowly from side to side (Fig. 72). The 
sewage is kept in circulation by a paddle-wheel, which revolves on a 
horizontal axis under the frame. The activated sludge collects 
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on the brushwood, and is washed back into the tank by the upward 
currents set up by the air from the pipe beneath. 
Dr. H. Kessener, Director of the Dutch Government Institute 

for the Purification of Waste Waters, agitates and aerates his sewage 
by means of a long cyUndrical brush, wffich revolves rapidly on a 
horizontal axis at the side of the tank and just dips into the sewage, 
which it fiffigs m a spray across the tank as in the Simplex system 
(Fig. 73). In a plant at Hamoir, Belgium, which treats 37,000 
gallons of dairy waste water per day, the brushes are 26 inches 
in cUameter and 62 feet ffi total length. They cUp about 0-6 mch 
mto the Uquid and make from 65 to 70 revolutions per mffiute. 
He began by using also slow-mo-vffig paddle-wheels to keep the 
sludge m circulation, but he has now discarded these, as he finds 
that the sludge is effectually circulated by the brushes. 

FIG. 73.—KESSENEB BBUSH. 

Screw propellers and centrUugal pumps have also been tried as 
means of agitation, but the results obtamed from them have not 
been very encouragmg. 

Dr. A. M. BusweU, Cffief of the HUnois State Water Survey, 
ha-dng observed that the organisms which form activated sludge 
reacUly attach themselves to any suitable surface placed in the 
sewage, experitnented -with a " ffidus-rack," formed by suspencUng a 
large number of strffigs (or pieces of gauze) from a frame. By 
dippffig tffis in and out of the sewage, aeration and stirring were 
effected by the same operation, and a substantial amount of 
purffication was obtamed. 
Proportion of Sludge. The proportion of sludge which is kept in 

the aeration tanks may be varied -witffin -wide Umits. In the 
earlier experiments there was usually about one part of sludge to 
three parts of sewage. Larger proportions of sludge have been 
employed with good results, but the present tendency is in the 
direction of using less. At Birmmgham the best results were 
obtamed -with 7 per cent, of sludge, and a " wonderful improve
ment " was produced with as little as 2 per cent. 
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Sludge is greedy of oxygen, and an unduly high proportion of 
sludge necessitates a corresponcUng increase in the air supply. 

Power Required. The current of power which is required to 
carry on the activated sludge process depends on the strength of 
the sewage and the extent to which it has to be purified. It m a y 
be as little as 20 or 30 horse-power per million gaUons per day for 
a weak domestic sewage, and three or four times as much 
for very strong sewage or trade waste. The time required for 
purification -wUl also vary with the strength of the sewage. A 
weak domestic sewage m a y be purffied in five or six hours, but a 
strong sewage m a y have to be aerated for twenty-four hours or 
more. 
RB-VCBW OF POSITION 

The activated sludge process mvolves a number of factors, 
physical, chemical, and biological, the relative importance of wffich 
has not yet been clearly estabhshed. Some observers have gone so 
far as to assert that the agencies which are concerned m the process 
are maiffiy physical, but it has now been demonstrated that it cannot 
be carried on under sterile concUtions. It has been suggested, too, 
that enzymes play an important part in the purification, but this 
theory has not met •with general acceptance. 

While much still remains to be done before the inner workffigs of 
the process can be said to be fully understood, its essential require
ments are kno-wn—some oxygen, a supply of sludge, inoculated -with 
the proper organisms, and sufficient agitation to keep the sewage and 
the sluclge thoroughly intermixed. 

It is too early as yet to say whether the process is best carried 
on by means of cUffused air, paddle-wheels, or Simplex aerators. 
They have all been widely used, and have all given good results, 
and it is quite possible that each m a y be the best for particffiar 
purposes or for deahng -with certam kinds of sewage. Comparisons 
of the different processes based on their performances at different 
places and under dissimUar circumstances are bound to be mis
leading. They have, however, been tried side by side -with the same 
sewage at Shieldhall (Glasgow), at Croydon, and at the South 
Metropolitan Outfall Works at Crossness. 

W h e n the capabUities of the activated sludge process began to be 
recogffised, it was freely precUct.ed that it would supersede the 
methods already ffi use. It is not probable that it -will ever do so : 
it is far more likely to be used in conjunction -with secUmentation 
tanks and filters than it is to supersede them. 

The new process certaffily presents some decided advantages. 
It is singularly free from nuisance, and requires comparatively 
little space, so an activated sludge plant can be installed ffi situations 
where works on any other system would be hardly possible. Not 
the least of its advantages is its great flexibility. Its working 
depends on tffiee factors—^the quantity of air (or power) employed ; 
the proportion of sludge kept ffi the aeration tanks; and the time 
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which the sewage is kept under treatment—all or any of which may be 
varied at -wUl to meet the requirements of the moment. Incidentally 
it is not an easy matter to arrive at the combination which -will give 
the best results. 
The possibihty of varyffig the amount of treatment to meet 

requirements is particularly valuable when the sewage is discharged 
into a river or estuary which is unable to deal with it in a crude 
state, but which does not require a fully purffied effluent. There 
are many rivers in the United States which are orcUnarily well able 
to purUy the sewage of the to-wns past which they fiow, but which 
cannot do so durffig a dry season. In such cases as these the working 
of the plant can be entirely suspended for the greater part of the 
year. 
There are few rivers in this country which can deal unaided with 

the sewage of a large to-wn, but there are many which could do so 
U the solids were removed and the liquid subjected to a preUmffiary 
treatment -with activated sludge. 
The sewage of London, after passffig through secUmentation tanks 

at the Northern and Southern outfaUs at Barking and Crossness, 
is discharged mto the tidal waters of the Thames, and is promptly 
cffiuted •with 120 times its volume of salt water. This water usually 
contaffis sufficient oxygen to enable it to purify the secUmented 
sewage, but during a hot summer it cannot do so, and the state of 
the river gives rise to complaints. The London County Council, 
as the result of experiments with cUffused air and mechaffical 
agitation carried on for seven years at their Crossness Works, have 
recently laid do-wn at Barking a permanent plant on novel hnes 
capable of treatffig from 5 to 10 milUon gallons of sedimented sewage 
per day. 
The aeration tank consists of eleven channels, each of whioh is 

about 6 feet wide, and is divided into two compartments, an upper 
and a lower, each about 5 feet high. The total effective length of 
the double channels is about 6400 feet. The sewage is circulated 
along them by electrically-driven Hartley paddles, placed at the 
ends of the upper compartments, and travels -with a pronounced 
spiral flow along their whole length. In each channel two ffiter-
commuffication ducts are formed, tffiough which the sewage passes 
from the upper compartment to the lower and vice versa. At each 
end of each section of the lower compartments there is a horizontal 
rib on the under-side of its roof, formffig air pockets into which 
compressed air is continuously delivered. 
There are six settling tanks, tffiee of the pyramidal type, each 

about 54 feet square by 29 feet deep, and three of the Dorr ty3)e, 
each 60 feet square by 9 feet deep, fitted with Dorr thickeners. 
The sludge is reconditioned in four re-aeration channels, each about 
15 feet •wide, 10 feet deep, and nearly 300 feet long, in the fioor of 
each of which there are three longitudffial furrows contaming con
tinuous rows of air cUffusers. 
The plant cost about £120,000, and the cost of working, including 
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debt charges and rates and taxes, is £16,549. Experience shows that, 
on the whole, the design of the works is satisfactory, and the Main 
Drainage Committee, ffi a report presented to the Council on 17th 
July, 1934, recommended the adcUtion of five sunUar uffits, wffich, 
•with the present one, -wiU treat rather more than one-third of the 
dry-weather flow wffich comes to the Northern Outfall. 
The substitution of 60,000,000 gallons per day of purified sewage, 

contaimng an appreciable amount of cUssolved oxygen, for an equal 
volume of secUmentation tank effluent, will make all the clifference 
to the river. 
Drawbacks of Process. The activated sludge process is not -with

out its drawbacks. It is by no means an ffiexpensive process. 
The Miffistry of Health, in their Fourth Annual Report (1922-23), 
estimated that a plant to deal -with a daUy dry-weather fiow of a 
milhon gallons per day, and -with three times as much ffi wet weather, 
could be laid down for about £30,000, and that the annual workffig 
expenses would be from £1200 to £1400. In point of ffist cost the 
process compares not uffiavourably -with secUmentation tanks and 
filters, but its working expenses are very much heavier. Where, 
however, it is offiy necessary to keep the works ffi operation for a 
few months every year, the cost of workffig is not a serious drawback. 

The process requires skilled management, so would usually be 
out of the question for a -vUlage or a small town; and it is peculiarly 
sensitive to changes in the character of the sewage. The sewage of a 
manufacturing to-wn -will usually vary ffi composition from hour to 
hour, and often from day to day, and activated sludge does not 
reacUly accommodate itself to such changes. A sudden rush of 
trade waste may kill the bacteria ffi the sludge, ffi which case it m a y 
take months to bring it back ffito concUtion. 

At Worcester, an important manufacturffig city in Massachusetts, 
the activated sludge process was tried and cUscarded as unsatis
factory, on the ground that it cUd not give uniformly good results 
under apparently simUar concUtions of workffig, and that it possessed 
no margin of safety to allow for the constantly changmg character of 
the sewage. 
The bacterial films ffi a trioklffig filter are much harcUer, and, as 

Wffitehead, who succeeded Watson as Chief Engmeer to the Birmmg
ham, T a m e and Rea Dramage Board, has pointed out, the margffi of 
aeration in such a ffiter, and consequently its abihty to cope with 
exceptional states of the sewage, is mfiffitely greater than that afforded 
by any activated sludge plant. 
Bulking. A phenomenon which occasionally gives rise to a good 

deal of difficulty is that known as " bulking." a sudden swellffig 
of the sludge to t-wice its volume or more, accompanied by a deteriora
tion in its quality and ffi that of the effluent. Bulked sludge con
tains large quantities of protozoa and of filamentous growths, which 
completely change its physical character; and it wUl offiy settle 
very slowly. Bulking has been attributed to insufficient air, and 
may be corrected by prolonged aeration. It has also been suggested 
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that it may be due to the excessive development of protozoa. These 
are the lowest forms of animal Ufe, and feed on bacteria. They are 
present in well-aerated sludge ffi enormous numbers, and their 
number is subject to rapid and -wide variation. O'Shaughnessy, 
ffi a paper read before the Institution of Chemical Engineers ffi 
January 1933, says that e-vidence is stUl needed as to what extent 
fficU-vidual protozoa may be helpful or harmful. 
Another cUsadvantage of the activated sludge process is the 

enormous amount of sludge which it produces, and which it is usually 
very hard to cUspose of. 

Haworth, in his presidential address to the Institute of Sewage 
Purffication in November 1933, said that the biological, chemical. 
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FIO. 74.—RATE OE PUEIFICATION. 

and physical principles underlying the activated sludge process 
were still very obscure, and offered boundless fields for research 
and experiment. 
As not iffirequently happens in the case of a new mode of treat

ment, the process has sometimes been asked to do too much. 
Certam enthusiasts, for mstance, were anxious that it should deal 
-with the whole of the sludge, and accordingly opposed anythffig in 
the shape of prehminary secUmentation. Actual grit was, of course, 
ffitercepted, but all the other solids were hurried into the aeration 
tank. This was done at ReacUng, where a large and expensive 
installation, using diffused air, was laid down m 1925, with results 
which were far from satisfactory. In this case there were other 
causes of trouble, the excessive depth of the tanks being probably 
one of them. The sewage moreover sometimes contains a large 
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proportion of gas liquor, which is said to have given rise to difficulties. 
O n the other hand, at IncUanapolis and at Champaign, 111., the 
presence of gas Uquor was found to be rather helpful than other-wise. 

PAETIAL PUBimCATION 

A remarkable feature of the activated sludge process, whioh has 
been noted by several observers, is the very rapid purification which 
it effects at the outset and the comparatively slow improvement 
which is brought about by further aeration. Duckworth, for ffistance, 
found at SaUord that aeration for one hour reduced the oxygen 
absorption figure by 88 per cent., while the further purification at 
the end of four hours was only 5 per cent. Fig. 74, wffich is re
produced from a cUagram given in a brief description of the Birmmg
h a m sewage works, issued in 1923, shows the progressive improve
ment wffich took place in the secUmentation tank effluent dealt -with 
by the " flocculation " plant during a period of six hours. Sixty 
per cent, of the total impurity was removed in the &st hour, and 
offiy 32 per cent, in the next five hours. The amount of purification 
effected durffig these five hours was no greater than is brought about 
by an ordmary trickling ffiter in one hour. 

This seems to show that the surfaces of the particles of activated 
sludge are less efficient, so far at all events as the later stages of 
purification are concerned, than the bacterial films, or zooglaea, in a 
ffiter. It should not be forgotten, too, that sewage wUl gra-vitate 
unaided through the air in a filter, whereas a large amount of power 
is required to cause the air to pass through the sewage in a tank. 
It would appear, therefore, that in certam circumstances there is 
little advantage in prolonging the aeration treatment beyond, say, 
one hour, and that it is more economical to fiffish the purification of 
the sewage by ffitration. Sewage which has been treated -with 
activated sludge for an hour is free from colloidal matter, and is 
much more easily oxicUsed than sewage which has merely passed 
tffiough a secUmentation tank, -with the result that the quantity 
which can be dealt with by each cubic yard of ffltering material is 
more than doubled. 
The Birmmgham, Tame and Rea Draffiage Board were faced with 

the necessity for constructing an additional acre of ffiters every 
year to keep pace -with the growth of the population served by then-
works. To obviate this, they laid do-wn an ffistallation of aeration 
(or " flocculation ") tanks between the secUmentation tanks and the 
fUters. B y so doffig they have increased the capacity of their 
filters twice or three times, and the need for layffig do-wn any more 
beds has been postponed indefiffitely. Incidentally the nffisance 
which had been experienced from smell and from flies has been done 
away -with. 

M J . G . F. Carter, Borough Engffieer of Croydon, is now layffig 
down an activated sludge plant to deal -with the effluent from his 
sedimentation tanks on its way to the filters. H e hopes to be able to 
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filter the aerated effluent at the rate of 400 gallons per square yard 
per day. 

At the Altham works of the Burnley Corporation, where the 
sewage was purffied by secUmentation and double contact, the 
contact beds were no longer able to deal with the flow. The 
Corporation accordmgly laid down an activated sludge plant, •with 
Simplex aerators, to give an ffitermetUate treatment to the sewage. 

A similar situation has arisen at Withffigton, Manchester, where 
too the contact beds are severely overtaxed. The Rivers Depart
ment carried out a series of experiments, •with the object of ascertain-
m g how the fficreased flow could be most economically dealt •with. 
They obtaffied the best results by treatffig the effluent from the 
contact beds -with activated sludge. They were able to complete 
the purffication of tffis effluent with about one-third the quantity of 
air required for the treatment of screened and detritus-free sewage, 
and, not less important, the amount of surplus sludge produced was 
negligible. 

At Readffig, too, where it had been hoped to purify the sewage by 
the activated sludge process alone, it has been found desirable to 
ffistal secUmentation tanks and trickling filters. Prolonged experi
ments showed that, ffi order to produce from settled sewage an 
effluent satisfactory to the Thames Conservancy, it was necessary 
to aerate the sewage for eighteen hours and to use 3 cubic feet of air 
per gaUon. With partial purification (usffig from 1 to 2 per cent. 
of sludge) an effluent of the requisite quaUty was obtaffied in three 
hours •with from 0-25 to 0-5 cubic foot of air per gallon. The 
returned sludge was reactivated for eighteen hours. The amount of 
electricity required for partial treatment averaged 575 Board of 
Trade uffits per mUUon gallons, as agaffist 2387 units for complete 
treatment under the best concUtions. 

The shorteffing of the period of aeration from eighteen hours to 
tffiee hours does not result ffi so great a saving ffi air and power as 
might at first sight be supposed, for the treatment of six successive 
ffistalments of crude sewage or tank effluent tffiows far more work 
upon the sludge than it would have to do if tbe same Uquid were 
treated for the whole eighteen hours. In the latter case the condi
tion of the sludge improves as the purffication of the Uquid pro
ceeds : ffi the former the sludge is progressively deactivated by beffig 
brought ffito contact -with fresh portions of crude liquid. In such 
cases, therefore, it is usually necessary to reactivate the sludge 
wffich is settled from the partly purffied effluent before it is returned 
to the aeration tanks to deal -with a fresh instalment of sewage. 
" Partial purffication " nevertheless offers distinct advantages ffi 
the m a n y cases in which existing filters are in danger of beoomffig 
overtaxed. Even ffi the case of a new plant, it m a y be well worth 
while to complete the purffication by ffitration, but in this case the 
filters should be specially designed to deal -with large volumes of 
effluent. 



CHAPTER X X X V 

OTHER MODES OF TREATMENT 

Electrical Treatment. The idea of purUyffig sewage by means of 
electricity has long possessed a fascffiation for the inventor. In 
1888-89 Webster mvented an electrolytic process whereby water, 
and socUum, magnesium and other cffiorides, were decomposed by 
an electric current into their constituent elements. The chlorffie 
and oxygen, which were Uberated ffi a nascent state, quickly oxicUsed 
the orgaffic matter, with the formation of innocuous compounds. 
The earUer experiments were made •with platffium electrodes, but 
these were too expensive for practical use. After many months of 
exhaustive experiments, carried out on a large scale (half a mUUon 
gallons per day) at Crossness, it was found that plates of cast-iron 
gave the best results. 

A gaUon of orcUnary sewage required on an average one ampere 
of current for ten mffiutes, the orgaffic matter ffi solution bemg 
reduced by 61 per cent. At tffis rate the power required to purffy 
a miffion gallons of sewage per day was estimated at 26 horse-power. 
Nffieteen horse-power effected a purification of 50 per cent. The 
iron electrodes were gradually eaten away, the average loss beffig 
two grams per gallon of sewage treated, or 286 lb. per million 
gallons. In the course of some simUar experiments carried out ffi 
Paris the number of orgaffisms was reduced from 5,000,000 per 
cubic centimetre to 600. 

This process was favourably reported on by Sir Henry Roscoe, 
and high expectations were formed of it. It was tried on a large 
scale at Salford, and later at Bradford (Yorks), but it never came 
into general use. 

It has, however, received a good deal of attention lately from 
the Niersverband, one of the youngest of the German river authori
ties. Experiments showed that a purffication equal to that 
effected by a complete mechaffical sedimentation plant, and two-
thirds of that from an activated sludge plant, could be obtaffied by 
the Webster process ffi from ten to thirty mffiutes. The conclusion 
was reached that, although the experiments are still in the pre
Umffiary stage, and there are many questions still callffig for ffives-
tigation, they have given results which suggest that a trial of the 
process at other places would probably be worth whUe. 

A few years after Webster carried out his experiments, a some
what similar process was introduced by Hermite, at Lorient, 
France. Hermite, however, ffistead of electrolysing the sewage 
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itself, passed a current of electricity through sea-water, liberatmg 
chlorine. The electrolysed sea-water was then added to the 
sewage. The Hermite process was tried at Worthffig, but made 
httle or no headway at the time. Ten years later, however, a 
company was formed in this country, under the name of Oxy-
cffiorides. Limited, to develop a process of decomposffig sea-water 
(or a solution of salt) ffi a specially designed electrolyser and utilisffig 
the resultant liquid for the treatment of sewage. The process was 
tested on a workmg scale at the Giffidford sewage works. 

Electrolytic methods have also been tried ffi America. A process 
very simUar to that of Hermite was ffivented by Albert E. WooLf, 
of N e w York, and was adopted by the Health Department of N e w 
York City ffi the sprffig of 1893 to treat the sewage from some thirty 
houses at Brewster, N.Y., before cUscharge ffito the Croton River, 
one of the sources of N e w York's water supply. The plant was 
burnt do-wn in 1911, sffice when the sewage has been (Usinfected 
-with bleachffig powder. 
In the Landreth " direct-oxidation " process electricity and Ume 

are employed. The electric cnrrent liberates at the electrodes 
oxygen and hydrogen, wffich, it is claimed, brffig about the destruc
tion of pathogeffic bacteria and the reduction of the mtrogenous 
orgaffic matter to albuminoids, peptones, and amino-compounds, 
which are subsequently oxicUsed to ffitrites, ffitrates, and carbon 
dioxide. The U m e furffishes an alkalffie medium, which lowers the 
electrical resistance of the sewage and renders the electrodes passive, 
thus greatly reducffig the quantity of iron cUssolved from them. 
The electrodes consist of m U d steel plates, spaced f inch apart, 
with paddles revolvffig slowly between them, -with the twofold 
object of keepffig the plates clean and brmging the sewage into 
intimate contact with the gases produced by electrolysis while 
these are still ffi a nascent state. 
A plant, ser-vffig a popffiation of 7000, and deaUng with 1,000,000 

U.S. gaUons per day, was laid do-wn in 1918 at Easton, Pa., near 
the centre of the city, and was favourably reported on by a Com
mittee of the Franklin Institute and by the Engineering Di-vision 
of the Pennsylvaffia State Department of Health. 
Lanphear, supervismg chemist at the Worcester, Mass., sewage 

works, compared the results from the " direct-oxidation " process 
with those obtaffied ffi everyday working by U m e precipitation 
at Worcester. H e arrived at the conclusion that the results obtaffied 
by the Landreth process at Easton were probably due to the excessive 
quantity of lime employed (3720 lb. per mUUon U.S. gaUons) rather 
than to the electrical treatment of the sewage. FuUer, of N e w York, 
formed the same opiffion, but the City Engineer of AUentown, Pa., 
where a part of the sewage had been treated for a year by a direct-
oxidation plant, controverted Lanphear's statement and spoke 
strongly ffi favour of the process. After a seven-day test of the 
plant, made a few years later, the consultmg engffieers reported that 
the process was not suitable for dealing with the sewage of the 
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whole city, the purification effected beffig inadequate, the operatffig 
charges high, and the quantity of sludge produced excessive. 

Other electrical methods of purification have been tried ffi 
America. Between 1913 and 1915 seven electrolytic sewage 
disposal plants were laid do-wn in the State of Oklahoma. Of these 
one was never used : five were abandoned after beffig in operation 
from eighteen months to six years; and one-third part of the 
seventh was in use for eight hours per day. Among the causes 
assigned for the abandonment of the process were the cUfficulty in 
disposffig of the solids, and in keeping the plates clean and broken 
parts replaced; the high cost of repairs; the lack of sffiUed 
attendance, and the faUure to effect any appreciable purffication. 

TREATMENT -WITH ACID 

Miles' Acid Process. This process, which was suggested about 
1900 by Mr. George W . Miles, a chemist, of Boston, Mass., aims 
at the decomposition of the soluble soaps and the liberation of 
the fatty acids. Sulphuric acid might be used for the purpose, 
but MUes prefers sulphur dioxide gas. In experiments carried 
on •with sewage from two sewers at N e w Haven, Conn., 840 lb. 
and 1356 lb. of sulphur dioxide were used per mUUon imperial 
gallons. After treatment with this gas, the sewage was aUowed 
to settle for four hours. The treatment removed from 61 to 66 
per cent, of the total suspended sohds, 90 per cent, of the 
settleable soUds, and more than 99 per cent, of the bacteria. As 
the result of the experiments, the process was recommended for 
adoption by the city of N e w Haven, beginnffig with the East 
Street outfall, whioh cUsoharges 13J milhon imperial gallons per 
day. 
It was originaUy estimated that the receipts from the sale of the 

grease and tankage recovered would repay from 40 to 50 per cent. 
of the cost of treatment, but the present low value of these products 
renders the cost of the process almost prohibitive. It is said that 
it gives a better effluent than that from an Imhoff or a plain 
sedimentation tank. 

Bradford (Yorks). The sewage of Bradford is exceptional, in 
that it contains a very large proportion of grease, most of the wool 
gro-wn in or imported into this country being dealt -with ffi the 
Bradford area. Sulphuric acid is used as a precipitant, the grease 
being tffiown do-wn -with the sludge and subsequently extracted 
and sold. 
TREATMENT WITH ZEOLITE 

This process, wffich has recently been developed at the Guggen
heim Laboratory in N e w York, consists essentially of four steps : 
(a) the removal of the suspended sohds by coagulation -with iron 
compounds and Ume, and settling the coagulated sohds ffi the form 
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of a sludge ; {b) the cUsposal of the sludge by ffitration and complete 
fficffieration; (c) the removal of the basic nitrogen compounds, 
together with attendant groups contaffimg carbon, hydrogen, 
sulphur, etc., by an exchange reaction using a preferred type of 
zeoUte; and {d) the regeneration- of the zeoUte, and consequent 
concentration of the basic nitrogen compounds in the salt solution, 
and the subsequent recovery of ammoffia from this solution. 

The sludge is pumped to a vacuum ffiter, in which the moisture 
is reduced by about 80 per cent. The orgaffic matter ffi the filter 
cake is then destroyed ffi a rotary kiffi inoffierator, consistmg of 
two sections—a dryffig section and a burffing section. The resultffig 
ash is treated -with sulphuric acid to regenerate the ferric sulphate, 
wffich is agam used for coagulation. 

In the fffial stage of the purffication the basic mtrogen, wffich is 
mostly ffi the form of ammoffia, is exchanged for the socUum ffi the 
zeohte, resultffig ffi a high concentration of ammoffia in a very small 
volume of zeoUte. The zeoUte is then regenerated by a back-wash 
of water contauUng 20 per cent, of salt, the ammoffia beffig trans
ferred to this solution. Sixteen thousand pounds of zeolite are 
required per million gaUons of sewage treated. It is said that the 
suspended sohds are reduced to practicaUy ffil, the biochemical 
oxygen demand to 5 parts per mUhon, and the bacteria by 99-1 per 
cent. The cost of the necessary plant is estimated at about two-
thirds that of an activated sludge plant to do the same work. 

The process has been tried on a small scale in N e w York City, 
and on a larger scale at the North Side Sewage Works at Cfficago, 
where the results are said to compare favourably -with those obtained 
by the activated sludge process. 

Chemical-Mechanical Treatment (Laughlin Process). The West 
Side sewage works at Dearborn, Michigan, present some novel 
features. In adcUtion to the sewage from the West Side, they deal 
-with the sludge from the East Side plant. The latter can be treated 
separately, but is orcUnarily mixed -with the sewage. 

The sewage is ffist screened and rffixed -with U m e and paper pulp, 
prepared by grffidffig ffi pebble mUls. O n leavmg the mixffig 
chamber it receives a dose of ferric chloride or ferric sulphate. It 
then passes tffiough two circular " clarifiers," or precipitation tanks, 
each 60 feet ffi cUameter and holdffig about 200,000 U.S. gallons, 
in which it remaffis just over an hour. It is admitted at the centre 
of the bottom of the tanks, tffiough which it fiows outward and 
upward. At the top of each tank there is a ffiter, consistffig of a 
3-inch layer of crushed magnetite sand, restmg on a perforated 
bronze screen, which covers about 50 per cent, of the surface of the 
tank. The sewage passes upward through these filters at the rate 
of about 3 U.S. gallons per square foot per mffiute, and then over
flows by a weir wffich surrounds the taffis. Means are provided 
for chlorffiatffig the effluent when necessary. 

The magnetite is cleaned by a mechanism which is certaiffiy uffique. 
It consists essentially of a solenoid which travels over the filter at 

AA 
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the rate of 4 feet per mffiute. A timed relay switch alternately 
closes and opens the electric cUcuit 18 times per minute. W h e n 
the relay closes, the solenoid picks up a section of the sand clear 
of the screen, and when the circuit is opened the sand drops back 
into place. This operation scrubs the sand, the dirt from which is 
washed by a current of settled sewage from under the filter and 
returned to the centre of the tank. 

The amount of purification effected by this process is said to be 
far greater than that brought about by simple sedimentation, and 
to approach the purffication obtained by an activated sludge or 
tricMffig ffiter plant. The cost of the Dearborn ffistaUation was 
very little more than that of a plain secUmentation plant of the 
same capacity, and the workmg expenses he between those of 
simple sedimentation and activated sludge treatment. 

New Processes. It -wUl be apparent from what has been said that 
there is no finahty ffi the treatment of sewage, and that new methods 
may even yet be devised. A n engineer wUl naturally -wish to avail 
himseU of the latest cUscoveries ; but, on the other hand, he cannot 
afford to take the risk of adoptffig a process which m a y or may not 
prove satisfactory. 

In view of the abandonment, referred to on page 352, of several 
electrolytic plants in Oklahoma, the Engineering News-Record, of 
N e w York, collected opinions from eight consultffig'engffieers and 
engffieers of mufficipaUties and State Departments as to the propriety 
of adopting processes which are stUl in the experimental stage. 
There was a consensus of opiffion that, whUe a consulting engffieer 
should not recommend any very large installation based on novel 
or untried processes, a large mufficipaUty is justffied ffi spendffig 
money in testing new methods which promise advantages in respect 
of efficiency or cost. 
The recent advances in the purification of sewage have been 

largely due to the pioneer work of our great cities. 



CHAPTER XXXVI 

STANDARDS OF PURITY 

CHEMICAL STANDARDS 

I T is impossible, without goffig to altogether unreasonable expense, 
to purUy sewage completely. The utmost that can be done is to 
carry the purffication to such a poffit that the effluent can safely 
be discharged ffito the stream which is to receive it. Disputes 
occasionaUy arise as to whether sewage has been sufficiently 
purffied, and this can offiy be ascertaffied by means of a chemical 
analysis. 

Certam rivers ffi manufacturing districts, such for instance as 
those ffi the West Ridffig of Yorkshire, the Mersey, and the Ribble, 
have been placed under the charge of Rivers Boards or Joint Com
mittees, whose duty it is to watch over their purity and to take 
action agaffist any who m a y poUute them. In other cases this 
duty devolves on the County Councils. Where a Rivers Board has 
been formed, its Inspectors make periodical visits to the various 
sewage works and factories wffich discharge their effluents into the 
river and take samples of the effluents for analysis. If the results 
are not satisfactory, the responsible parties are cautioned, and U 
tffis does not have the desired effect, legal proceedffigs are taken. 
For the purpose of judgffig effluents the Rivers Boards have adopted 
certam tests and " Umits of impurity," to which they are expected 
to coffiorm. A very usual standard was that an effluent should 
not contaffi more than 0-1 part of albumffioid ammoffia per 100,000, 
nor absorb from acid permanganate ffi four hours more than 1-0 
part of oxygen per 100,000. 

The weak poffit of any such standards is that they afford no 
trustworthy incUcation as to how an effluent -will behave ffi the 
stream ffito which it is cUscharged. It frequently happens that an 
effluent which transgresses them is perfectly stable and non-
putrescible, while another which complies with them decomposes. 
This objection is met to a certaffi extent by the " fficubation test," 
which is made by filUng a bottle quite full -with the effluent, stopper
ing it, and keepffig it at a constant temperature for five or six days. 
The tffiee-mffiutes' oxygen absorption is determffied at the beginnffig 
and at the end of that period. If the figure is reduced or remains 
unchanged, the sample is classed as " good " ; whUe an increase 
ffi the three mffiutes' absorption shows that the purification is not 
satisfactory. 

The Royal Commission on Sewage Disposal went very closely 
355 
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into the question of fixffig legal standards of purity. Most of 
the witnesses w h o m they examffied on this poffit were of opiffion 
that it was undesirable and impracticable to do so. Recogffisffig, 
however, the need for some definition of a good effluent, the 
Commissioners suggested that such an effluent ought not to contam 
more than three parts of suspended matter per 100,000, nor 
absorb in five days more than two parts per 100,000 of dissolved 
oxygen. The " dissolved oxygen " determffiation, whioh takes the 
place of the old test with acid permanganate, is made by mixffig 
the sample with ordmary tap-water and keepffig it ffi a stoppered 
bottle at a constant temperature for the prescribed period. 

Tffis standard, though it has no legal sanction, is generaUy con
sidered a reasonable one. The Analyst to the Thames Conservancy 
regards an effluent as infringing the Thames Conservancy Act if 
(1) The albuminoid ammonia exceeds 0-2 part per 100,000. 

(2) The suspended matter exceeds 3-0 parts per 100,000. 
(3) The cUssolved atmospheric oxygen absorbed in five days 

exceeds 2-0 parts per 100,000. 

Effluents are judged by the analyses of samples taken from time 
to time, and are expected to pass all tffiee tests. 

The Commissioners cUd not suggest that their standard should be 
applied incUscriminately, for they go on to poffit out that the dUution 
afforded by the stream is the chief factor to be considered. 
This factor is taken into account by the Port of London Authority, 

whose standards for effluents discharged into the tidal waters of the 
Thames vary aocorcUng to the part of the estuary into which such 
effluents are cUscharged. For the purpose of judging effluents they 
divide the river into four sections :—• 

Section 1.—From the landward limit of the Port to London Bridge. 

Effluents cUscharged into tffis section of the river must coffiorm 
to the standard mentioned in the Eighth Report of the Royal Com
mission on Sewage Disposal, -viz.. 

That the effluent, as discharged, must not contain more than 3 
parts per 100,000 of suspended matter, and -with its suspended 
matter moluded must not take up at 65° F. (18-3° C.) more than 2-0 
parts per 100,000 of cUssolved oxygen in 5 days. 

Section 2.—From London Bridge to a point in Long Reach, 650 
yards downstream from the Central Measured Mile Beacon. 

(a) Effluents cUscharged into this section of the river, with the 
exception of those wffich cUscharge into the non-tidal portions of 
tributaries, must coffiorm to the following standard :— 

Albiimiaoid Ammonia ...... 0-50 part per 100,000 
Oxygen absorbed from acid permanganate in 3 hours 

at 98° F 5-00 parts per 100,000 
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(6) Effluents cUscharged into the non-tidal portions of tributaries 
in this section of the river must conform to the general standard 
for effluents recommended by the Eighth Report of the Royal 
Commission on Sewage Disposal, and which has been adopted for 
Section 1. 

Section 3.—From the limit of Section 2 in Long Reach to Lower 
Hope Point Beacon. 

Effluents discharged into this section of the river must conform 
to the f oUo-wing standard :— 
Album.uioid Ammonia . . . . . . 0-70 part per 100,000 
Oxygen absorbed from acid permanganate in 3 hours 

at 98° F 7-00 parts per 100,000 

Section 4.—From Lower Hope Point Beacon to the Seaward Limit 
of the Port. 

Effluents cUscharged into tffis section of the river must conform 
to the following standard, -viz., 
" Absence of offensive conditions." 
The foregoing standards are subject to review by the Port of 

London Authority at any time. 
The Commissioners cUd not suggest that their standard should 

be appUed indiscrimffiately, for they went on to point out that 
the dilution afforded by the stream is the chief factor to be considered. 

In applyffig a standard of purity, it would be only reasonable to 
take into consideration the character, as well as the volume, of the 
stream which receives the effluent. A trout stream or a river from 
which water is taken for domestic consumption, or even for ffidustrial 
use, obviously requires more protection than one which flows through 
a manufacturffig district, and which serves no other purpose than 
to carry off the waste water from factories and the natural draffiage 
of the watershed. In this latter case there would seem to be no 
object ffi callffig for a higher standard of purity than is required to 
prevent actual nuisance. 

The need for such a cUstffiction is appreciated by the Saffitary 
Water Board for Pennsylvaffia, who recognise three classes of 
streams :— 
Class I—-Those preserved in nearly their natural concUtion and 

reserved for water supply. 
Class II—Those used for sewage cUsposal after treatment of the 

sewage, and for water supply after purification of the water. 
Class III—Those used for sewage disposal after treatment of sewage 

and ffidustrial waste to such a degree as to prevent nuisance. 
It is frequently stated that if nuisance from a stream is to be 
avoided, the amount of dissolved oxygen should not be reduced 
below 50 or 75 per cent, of saturation. FuUer and McClintock, in 
their " Solving Sewage Problems," say that there is no justification 
for this statement, and that a dissolved oxygen content of from 25 
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to 35 per.cent. wiU suffice, provided that there are no decomposing 
deposits of sludge. 

Where sewage is discharged into tidal water, there is rarely any 
lack of oxygen to complete its purification, pro-vided always that 
the sewage is thoroughly mixed -with the dUuting water. In the 
East River and the Harlem River, at N e w York, however, the 
dissolved oxygen has often been reduced to near the danger point. 

The Metropolitan Sewerage Committee of N e w York carried out 
a prolonged investigation -with the object of determinffig the point 
below which the amount of oxygen in the water in the Harbour 
ought not to be reduced. This Umit they ultimately fixed at 3 
cubic centimetres per litre, or about 58 per cent, of saturation. 
Extensive investigations in the estuary of the Thames have sho-wn 
that the cUssolved oxygen m a y become as low as about 10 per cent. 
without giving rise to nuisance. 

The prevention of nuisance is not, however, the offiy point to be 
considered, for the requirements of fish Ufe must also be taken into 
account. Accordmg to FuUer and McCUntock, carp and some 
hardier forms of fish Ufe require offiy comparatively smaU quantities 
of oxygen, while trout and some other forms do not hesitate to enter 
waters containing from one to two cubic centimetres per litre (from 
17 to 33 per cent, of saturation). 
The Jomt Advisory Committee on River PoUution express -views 

very sUffilar to those of the Pennsylvaffia Saffitary Water Board. 
" We recognise," they say m their First Report, " that the rivers 

are the natural channels through wffich the water that falls on the 
land or is otherwise brought to its surface has to be conveyed to the 
sea, and that in populated and industrial areas large quantities of 
the water have to serve domestic or commercial purposes before pass
ing finally into the rivers. The purification of the water thus utilised 
is often a difficult and expensive matter. Cases have been quoted 
to us in which the cost of a scheme for efficiently treatmg the sewage 
of a district has been found to be altogether prohibitive. The 
rival claims of the river from the point of -view of amemty, water 
supplies, and fishing on the one hand, and of ratepayers and traders 
on the other have to be -viewed with a proper sense of proportion, 
and we do not for a moment suggest that it is possible to expect that 
all our rivers can at once be converted into pellucid streams. But 
there is no reason why steps should not be taken to prevent needless, 
wilful and remediable poUutions. That much can be done in tffis 
direction is sho-wn by the experience of the existmg River Boards." 

BACTERIOLOGICAL QtrALiTiBS OE EEELHBNTS 

All the standards which are now appUed to effluents relate solely 
to their chemical qualities and aim at the prevention of nuisance. 
None of them affords any security against the chief danger to which 
sewage m a y give rise, namely the transmission of cUsease. 

Sewage is liable to contam the faeces and urffie of persons sufferffig 
from enteric and paratyphoid fevers, dysentery, and diarrhoea, all 
teeming -with the germs by which these diseases are spread. Cholera, 
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too, is conveyed ffi the same way, but for more than ffity 
years, fortunately, cholera has been rare in this country. Cases 
abound ffi wffich serious epidemics have resulted from drinking 
water which has been contamffiated by the excreta of cholera or 
typhoid patients. Many deaths, too, have been caused by eatffig 
oysters taken from beds polluted •with sewage. 

T w o Surrey farmers were recently awarded hea-vy damages 
(£2008 and £1939 respectively) agaffist the Godstone Rural District 
Council for damage alleged to have been caused to their cattle by 
the pollution of a stream -with effluent from the CouncU's Lffigfield 
sewage works. This judgment was reversed by the Court of Appeal. 

I a m not aware that any case of cUsease has ever been traced to 
the cUscharge of a properly purified effluent; and the concUtions 
to which pathogeffic orgaffisms are exposed ffi a sewage works are 
not conducive to their sur-vival or propagation. Most of them tffiive 
at body temperature, which is much higher than the orcUnary tem
perature of sewage : they are exposed to the competition of other 
bacteria, wffich are more at home m sewage; and the infective 
material is cffiuted with such enormous volumes of non-infected 
sewage, and subsequently of river water, that the germs would 
ordffiarUy become far too attenuated to be capable of communi-
catffig cUsease. 

None, however, of the modes of purification ffi orcUnary use can 
be reUed on -with absolute certaffity to remove or destroy all the 
germs of disease, and the Royal Commission, in their Interim 
Report, say that sewage effluents, whether from land or from arti
ficial processes, " usually contaffi large numbers of orgaffisms, many 
of which appear to be of ffitestffial derivation, and some of which 
are of a kind liable, under certaffi circumstances at least, to give 
rise to cUsease." They were of opiffion therefore that "such 
effluents must be regarded as potentiaUy dangerous." " In the 
present state of knowledge," they go on to say, " and especially of 
bacteriology, it is difficult to estimate these dangers vsdth any 
accuracy, and it seems quite possible that they should be either 
exaggerated or undervalued accordffig to the precUsposition of 
those who have to deal -with them." 

The Commissioners did not see their way to recommend the 
mstitution of a bacterial standard of purity, and any such standard 
it would be difficult, if not impossible, to effiorce. 

Sterilisation. In special cases, in which an effluent is cUscharged 
near oyster-beds or above the intake of a water supply, it m a y be 
desirable to place it above suspicion, which m a y be done either by 
treatment -with cUorffie or by filtration through sand. A good 
effluent can -usuaUy be sterffised by the addition of from one to five 
parts of chlorffie per mUlion. A bad effluent, or crude sewage, 
would require a much larger dose, for most of the cffiorffie would 
be expended ffi oxicUsffig the orgaffic matter. A sand filter, such 
as is used ffi waterworks practice, -will deal -with from 2,000,000 to 
2,500,000 gallons per acre per day. The depth of the sand need 
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not be more than one foot. The effluents from some of the sewage 
works situated on the Thames or its tributaries above the sources 
of the Metropolitan Water Supply are filtered through sand. 

Some have gone so far as to suggest that all sewage effluents 
should be sterihsed, but this is not offiy unnecessary, but it would 
not serve the purpose in view. For few to-wns in this country are 
drained on the strictly separate system, and most of them cUscharge 
in wet weather a greater or less amount of untreated storm-water. 
This storm-water, as Houston has poffited out, is potentiaUy as 
dangerous to health as normal crude sewage, and unless it is also 
sterihsed it would be sheer waste of money, and would merely give 
rise to a false sense of security, to sterihse the dry-weather sewage. 

It would be a hopeless undertaking to try to sterUise in time of 
heavy rain, not only the whole of the sewage and storm-water which 
reaches the outfall, but also every drop of storm-water which is 
discharged at every storm overfiow on the sewers. Unless tffis is 
done, the protection afforded by sterilising the dry-weather sewage 
would be quite illusory. 

Sewage moreover is not the only polluting Uquid which fffids its 
way into a river, and the sterilisation of sewage effluents, or even of 
sewage effluents and storm-water, would afford no real safeguard 
agaffist the spread of cUsease. In view of all the circumstances it 
is undoubtecUy best that the responsibiUty for the wholesomeness 
of a water supply should devolve, as heretofore, on the Water 
Authority. 

Smells from Sewage Works. The possibihty of smells from a 
sewage works has already been referred to in connection with the 
choice of site (p. 282). The Officers of the Royal Commission, ffi 
their General Report, which forms Part I of Volume IV of the 
Commissioners' Fourth Report, make the foUo-wing observations as 
to the possibility of danger to health from sewage farms : 
" As regards the likelffiood of seWage farms bemg dangerous to 
health, we can do no more than tentatively express the opiffion that 
no con-vmcmg proof has yet been furmshed of direct or -widespread 
injury to health m the case of well-managed farms. It may be 
possible that the foul emanations from a badly managed or over-
sewaged farm constitute an ffidirect source of danger to health by 
lowering the vitality of weakly and susceptible ffidi-viduals." 

The area of the sewage surfaces exposed in a purffication works 
is very much less than on a sewage farm; the sewage is under 
better control; and in ordmary circumstances there -wUl be less 
risk of nuisance. In some cases, however, especiaUy ffi warm or 
muggy weather, it -will be cUfflcult altogether to prevent the emission 
of odours. Certaffi trade effluents are always offensive, and sewage 
which has travelled a long way in badly laid sewers or has been 
defamed a long time in tanks is apt to be so. Smells may be given 
off from the sewage when it is sprayed on to the ffiters; and 
screenffigs and uncUgested sludge are often very offensive. 

Where there is any reason to apprehend nuisance from sewage, it 
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may be prevented or minimised by suitably designing the works. 
The settlement tanks may be covered; contact beds may be used 
instead of tricklffig fllters ; and the sludge may be digested before 
it is sent on to the drying beds. 
The activated sludge process is remarkably free from nffisance, 

but activated sludge, if allowed to decompose, may become very 
offensive. 
Much attention has been given of late years, ffi various parts of 

the world, to the question of odours from sewage works and theh 
prevention. Much may be done by strict attention to cleanlffiess. 
Any tendency of the sewage to become septic may be combated by 
treatffig it with a mffiute dose of cUorffie either before it enters 
the tanks or on its way to the filters. 
AUke as regards the quality of the effluent and the avoidance of 

nuisance at the works, the question of management is aU-important. 
An experienced and conscientious manager -wiU often get good results 
from indifferent works; while a careless or inefficient man wiU 
fail to do so however weU the works may be designed. 
In tffis connection Mr. John Calvert, ffi a paper read before the 

Institution of Sewage Purification in London in March 1935, drew 
attention to the need for co-operation between the engffieer who 
designs the works and the man who has charge of them. This need 
is recogmsed in America, where it is customary to retain the services 
of the Engineer for some years after the works have been put into 
operation. In tffis country ffis connection •with the works too often 
ceases at the expiry of the Contractor's period of maintenance. 
Bearing in mind the many uffioreseen developments which may 
occur during the fcst few years' workffig, it would seem to be offiy 
common prudence to retain the ser-vices of the designer of the 
works untU they have got weU into their stride. 



CHAPTER XXXVII 

SLUDGE 

SEWAGE disposal, as already poffited out, is a twofold problem, for 
it involves deaUng with impurities ffi two cUstinct forms. There are 
actually three "states ffi which the impurities m a y be present— 
suspended, cUssolved, and colloidal; but in the course of treatment 
the coUoids assume a solid form, leavffig offiy cUssolved and sus
pended matter to be dealt -with. The cUssolved impurities are 
oxicUsed and carried away by the effluent. The sohds remam and 
accumulate, and their cUsposal is often a very cUfficult problem. 
The disposal of sewage sludge is described by the Royal Commission 
on Sewage Disposal as one of the chief cUfficulties in deaUng -with 
sewage, especially in the case of large to-wns or cities, and they think 
it will probably always remain so. Thirty pages of their Fifth 
Report are devoted to methods of sludge cUsposal. 
Quantity Produced. The amount of sludge produced wUl depend on 

the nature of the sewage and on the method of treatment adopted. 
The quantities of sludge (contaiffing 90 per cent, of moisture) 
obtaffied from one nffihon gaUons of dry-weather sewage by cUfferent 
modes of preliminary treatment are estimated by the Royal Com
mission, in their FUth Report, as foUows :— 

TABLE XXXIX. 

Quantity of Sludge Produced. 

Preliminary Process. 

Quiescent settlement -with chemicals 
Continuous flow settlement -with chemi

cals . . . . . . 
Quiescent settlement -without chemicals 
Continuous flow settlement without 

chemicals . . . . . 
Septic tanks . . . . . 

Tons of 
wet 

sludge. 

17 

16 
12 

11 
6-5 

Tons per 1000 people 
per annum at 30 

gallons of-sewage per 
head per day. 

186 

175 
131-4 

120-5 
71 

The quantity of sludge produced by the activated sludge process 
is very great, beffig often more than 1 per cent., and sometimes 
as much as 6 per cent., of the volume of the sewage from which it 
is derived. In a three-months' test at MUwaiikee 12,100 gallons of 
sludge were obtained from each mUlion gallons of sewage. At this 
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rate a million gallons of sewage would yield no less than 54 tons of 
sludge, and a thousand people, producffig 30 gallons of sewage per 
head per day, 591 tons per annum. If the whole of the sewage of 
London were treated by the activated sludge process, the sludge 
produced in one day would cover two acres or more of land to a depth 
of 3 feet. 
W h e n the purffication of sewage was in its infancy, high hopes 

were entertained of the revenue to be derived from the sludge, but 
for reasons wffich have already been given (p. 293) these hopes have 
not been reahsed. The fertilisffig matter in sludge, Uke the gold 
which is cUssolved in sea water, is present in such small quantities 
that it -wiU not pay the cost of reooverffig it. 

Disposal. Durffig the later years of the War, Bradford and 
Huddersfield derived a handsome revenue from the sale of the grease 
in their sludge, but such cases are the very rare exception, and at the 
vast majority of sewage works the sludge is recogffised as a waste 
product, to be got rid of at the least possible cost. 

Even at Bradford the Sewage Department are findffig it fficreas-
ffigly difficult to find a market for their grease. Early ffi 1933 they 
were selUng only about one-third of what they produced, and they 
had so much grease ffi stock that they decided to burn aU that they 
could not sell. B y so doffig they expected to save from £6000 to 
£7000 per annum on their coal biU. 
London, Manchester, Glasgow, DubUn, and other places near 

the coast barge their sludge out to sea and dump it in deep water. 
This is a cheap and conveffient mode of disposal, but care should be 
taken to avoid the viciffity of shelffish and to keep the boat moving 
while the sludge is being cUscharged, so that it m a y be spread ffi a 
thffi layer over a wide area. Iffiand to-wns have no such convenient 
outlet for their sludge, and they have to get rid of it as best they can. 
Some of them run it into lagoons, or hollows in the ground, in which 
it may he, wet and putrescent, for years. Some plough it into the 
ground, or bury it ffi shallow trenches. Farmers -will sometimes 
cart it away for use as manure, but the quantity so cUsposed of is 
offiy a small proportion of the whole. The grease which crude sludge 
contams is a drawback to its use on the land. 

At Wolverhampton and Cheltenham some of the sludge has for 
many years been pumped through pipes on to the neighbourffig 
farms, and there are doubtless many other places where this might 
be done -with advantage. 

The cUfficulty in deaUng -with sludge is aggravated by the large 
amount of water ffi it. As it leaves the sedimentation tank it usually 
contaffis from 90 to 95 per cent, of moisture, which not only sweUs 
its bulk, but renders it very difficult to hancUe. 

Draining Beds. A part of this water can be got rid of by runnffig 
the sludge on to draiffing beds of clinker or other porous material, 
which are sometimes, quite incorrectly, called " lagoons." These 
beds need not be more than a foot in depth, and should be covered 
-with an mch or two of fine material to prevent the sludge from 
sinkffig into them. They are sometimes provided with concrete 
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fioors and dividing walls, but these add greatly to their cost and are 
usually quite unnecessary. In ordmary circumstances it -will 
suffice to form them in the ground with earthen banks and floors. 
If the ground is not porous enough to absorb the water which comes 
away from the sludge, drains of open-joffited agricultural pipes 
should be laid at intervals of 2 or 3 feet, and the draffiage water, 
which is much too foul to be cUscharged into a stream, should be 
run on to the land or carried back to the sedimentation tanks and 
treated -with the sewage. The sludge should not be run on to the 
beds to a greater depth than about 9 inches : if more is applied it 
wUl take a long time to dry ; and no more should be added until this 
has dried and been removed. 

The Miffistry of Health usually call for one square yard of draining 
bed for every seven people, but if the sludge is well cUgested before 
being run on to the beds, a smaller area -will suffice. At Southall, 
Middlesex, each square yard of bed is dealffig with the digested 
sludge from twenty-flve people, but it -will rarely be advisable to 
work the beds so hard. 
Much attention has lately been given to glass-roofed beds, which 

are used at many works in the Uffited States. It has been claimed 
for these that the sludge takes only about half as long to dry on them 
as on beds in the open; but even if this were so, it is cUfficult to see 
where the advantage comes in, for each square yard of bed -with a 
glass roof -will usually cost two or three times as much as a yard of 
unroofed bed. 
Recent experience moreover has cast some doubt on the advan

tages which are claimed for covered beds. In drying sludge or any 
other wet material the access of air is not the leas-t important factor, 
and if the wind blows freely over the sludge, the latter will part -with 
its moisture much more quickly than if it is confined under a roof. 
Even rain is not such a hffidrance to the drying of sludge as is 
generally supposed; and cUgested sludge which has once begun to 
dry will not relapse into a sodden concUtion. 
At MUton, Hampshire, where there are ten sludge beds in two rows 

of five, I provided two roofs, of glass on the south slopes and corru
gated iron on the north, runffing on rails, so that they can be shUted 
from bed to bed as desired. 

Filter Presses. Another method of dewaterffig sludge, which was 
widely used in this country forty years ago, is pressffig. 

A filter-press is built up of cast-iron plates, -with raised edges, 
several of which are placed together face to face in a frame, -with 
coarse cloths of jute or hemp between them, and screwed tight 
together. The spaces between the plates form a series of narrow 
cells, ffito which the liquid sludge, with from 3| to 5 per cent, of 
lime, is pumped or forced by compressed air under a pressure of 
about 60 lb. per square ffich. The water escapes through the cloths 
and by drainffig grooves formed in the plates into a channel below, 
leavffig the solids in the ceUs ffi the form of a stiff cake. The whole 
operation of filUng, pressing, removing the cake, and reassembling 
the press takes about three-quarters of an hour. 
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Pressffig reduces the moisture content of the sludge from 90 per 
cent, to about 50 per cent., five tons of wet sludge thus yielding 
about one ton of cake. The latter was usually removed by farmers, 
who sometimes paid a nomffial price for it. It was occasionally 
used as a base for artificial manure. At Kffiigston-on-Thames the 
pressed cake is dried by heat, ground into powder, and sold ffi bags 
as " Native Guano " at £3 10s. per ton. 

The water which is removed from the sludge by pressffig is 
usually very foul and offensive, and must be returned for treatment 
-with the sewage. FUter presses were very commoffiy used at works 
where chemical precipitation was carried out, but they are now rarely 
instaUed. 

Centrifugal Separators. The disadvantages of filter-presses led 
to experiments -with centrUugal separators, such as are used ffi 
laundries and bleachffig estabUshments and in creameries. The 
separator consists of a drum which rotates at a very high speed, 
thro-wffig off the water from the sludge by centrifugal force tffiough 
the sides, wffich are perforated or covered with cloth. In addition 
to separatmg the water, the machffie sorts out the solid constituents 
of the sludge ffi concentric layers, the mineral ingredients going to 
the outside, the organic matter next, and the grease remaiffing in the 
centre. 
The earher experiments did not give the expected results. The 

finer particles either passed off with the water or choked the sides of 
the drum. As the result of many experiments, the Hanover 
Macffine Company have developed a separator—^the Schaefer-ter-
Meer machine—-wffich overcomes the eUfflcffities wffich had been 
experienced. The wet sludge is brought in, and the dried sludge, 
contaiffing only about 50 per cent, of moisture, is removed, without. 
stoppffig the machine. Eisner, -writffig in 1910, says that two of 
these macffines are givmg good results at Harburg, four at Hanover, 
and six at Frankfort-on-the-Main. 

Digestion. A very conveffient way of reducffig the amount of 
water ffi sludge, and at the same time renderffig the sludge in
offensive, is by bacterial cUgestion. The organic constituents of the 
sludge, fficlucUng the grease, are broken down by anaerobic bacteria, 
and its consistency is so changed that it reacUly parts with its 
superfluous moisture. 

Anaerobic cUgestion was employed by Cameron in his septic tank 
and subsequently by Imhoff, in both cases in the presence of Uquid 
sewage. It is now more usual to draw off the sludge from the sewage 
and digest it ffi separate tanks. This method was ffist used on a 
large scale in this country in 1911 at the works of the Birmingham, 
Tame, and Rea District Drainage Board, where the enormous 
accumulations of foul-smelling sludge had given rise to great 
difficulties. The sludge.from the sedimentation tanks is drawn off 
ffito open primary digestion tanks, 14 feet deep and several acres in 
extent, in which it remaffis about tffiee months. From these it is 
pumped a distance of four mUes into secondary cUgestion tanks, ffi 
wffich it is retaffied for a further period of two months. 
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Digestion has also been carried on sffice 1923 at Bath, where the 
crude sludge is of a particularly objectionable nature and serious 
complamts had been received of it. Here, too, the digestion takes 
place m two stages. Two old storm-water tanks, each holdffig 
1100 tons, are used as primary cUgestion tanks, and the partiaUy 
(Ugested sludge is pumped to nine secondary tanks at a higher level. 
The sludge is then dried on draiffing beds, and the whole of it is 
removed by local farmers. 

During the past ten years I have mcluded sludge cUgestion tanks 
- in all but m y smaUest works. I make them octagonal ffi plan, -with 
pyramidal bottoms, and usually arrange them ffi sets of four around 
a central valve chamber as sho-wn ffi Fig. 51 (p. 298). In the case of 
digestion tanks, however, there is no need for steep slopes to the floors. 

[By Courtesy of Messrs. MarHove, AUiott & Co., Ltd. 

FIG. 75.—FILTKE PBBSS. 

and I usuaUy give the floors of my tanks a slope of 45°. The sludge 
is admitted at the top of the pyramid, or at about mid-depth of the 
taffit. The inlet pipe pomts along the face of the wall, so that the 
sludge enters the tank in a tangential direction and sets up a slow 
whirUng motion ffi its contents. The raw sludge is thus thoroughly 
mixed -with the partially digested sludge already in the tank. The 
digested sludge is dra-wn off from the bottom of the pyramid. 
The iffiet and outlet pipes are connected in such a way that any 

tank ffi a set may be used ffidependently, or all four in series. 
Experience shows that the former method is preferable, but the 
conneotffig pipes are useful for seeding a newly-filled tank with 
digested sludge from the bottom of another. The tanks are, 
however, rarely or never emptied, a foot or two offiy of their contents 
being drawn off at a time and the tank fiUed up -with fresh sludge. 
Sissons, City Engffieer of Bath, considers it essential that the 





By Courtesy of BirmingJiam Tame and Rea District Drainage Board* 

FIG. 76.—SURFACE OF DIGESTING SLUDGE. 

[Facing p. 367, 
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depth of the sludge should be approximately the same over the 
whole area of the tank. Tffis does not appear to be the case. 

Provision must be made for dra-wmg off the water wffich separates 
from the sludge, and inasmuch as this water m a y collect at varyffig 
levels, the outlets should be arranged accordffigly. Sissons has 
wooden doors in the sides of his tanks, with plugged holes at every-
few mches ffi depth. I buUd a vertical slotted pipe ffito the 
waU of the tank, contaffiing an Umer tube -with short slots arranged 
spirally around it. This inner tube m a y be turned so as to brffig 
a slot at any desired level agaffist the slot ffi the outer tube. 
The water which comes away from the cUgestffig sludge is often very 
offensive, and must be returned for treatment •with the sewage. 

It is stated by Fair and Carlson that the digestion of sludge takes 
place ffi tffiee stages : 
" (1) A short period of relatively rapid digestion, durmg wffich 

the pH. value (or alkaltmty) of the sludge decreases, and -with it the 
rate of gasification; 
" (2) A n extended period of slow or inhibited digestion, character

ised by low gas production and low, but rismg pH value; and 
" (3) A tffird stage, when the pH. value rises to about 6-8 and the 

production of methane gas becomes active. Durmg tffis stage the 
pH. value usually passes the neutral point (7-0), and the production 
of gas reaches a maximum, droppmg off as the digestible material 
becomes exhausted." 

Fig. 76 shows the surface of the sludge in a tank in which digestion 
is ffi rapid progress. 

The process of sludge digestion being a bacterial fermentation, 
it is essential that suitable concUtions should be estabhshed. In 
particular, the raw sludge should be at once seeded with material 
in an advanced state of cUgestion. 

It is important, too, to keep the sludge at a proper temperature, 
for at temperatures below 45° or 50° F. the bacteria do not mffitiply, 
and Uttle or no cUgestion takes place.. The optimum temperature 
is generally regarded as from 75° to 80°, and in many works the 
sludge is heated either by steam or by means of the gas produced by 
cUgestion. Dr. Wffiem Rudolfs, of N e w Jersey, found that by 
maffitaiffing the sludge at a temperature of from 110° to 120° F. 
cUgestion was greatly accelerated, the time required beffig reduced 
to 15 or 18 days. Digestion at these temperatures is termed 
" thermopffiUc " digestion. 
In some experiments carried out by Thompson at Leeds in 

1928 the results from cUgestion at 118° P. were not so good as 
those obtaffied at 82°; and Dr. Priiss, of Essen, who also tried 
thermophffic cUgestion for nearly a year ffi a tank of about 20,000 
cu. ft. capacity, found the process so sensitive to changes ffi the com
position of the sludge that the experiments had to be abandoned. 

Keefer has recently carried out experiments at Baltimore with 
two digestion tanks, one heated by admittffig water at 137° F. at 
the bottom of the tank, and the other by means of hot-water pipes. 
In the first tank an average temperature of 73-5° F. was maffitained, 
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and in the other 80°. Less heat was required ffi the latter tank 
than in the former one, and it gave a better production of gas. 
On the other hand, the injection of hot water is the simpler and 
cheaper method, and it is not liable to ffiterference, as ffi the case of 
pipe coils, by the formation of a crust of sludge on the pipes. 
As the result of very careful observation, Keefer found that 

10-7 British thermal uffits per hour were deUvered from each 
square foot of pipe surface per degree Fahrenheit cUfference ffi 
temperature, a result which is in close agreement -with that of 
similar experiments carried on at Halle, Germany. 
The artfficial heatffig of sludge mtroduces a compUcation which 

may not be out of place ffi large works, but in small instaUations, 
where skffied supervision is not avaUable, it will generally be better 
to cUspense with it. By makffig the tanks deep and sinking them 
well ffi the ground, the temperature may be kept high enough to 
give good results even in -winter. 
Accordffig to Priiss, products are formed in the course of 

cUgestion which inhibit the activity of the bacteria. He aceorcUngly 
stirs the sludge ffi his tanks, and this is generally considered desirable. 
At Chingford the sludge is stirred twice a week by blowing com
pressed air tffiough it. This is also done at Southall. 
The cUgestion of sludge has been very closely stucUed ffi America, 

where fresh papers on the various aspects of the subject are con
stantly appearffig. Much attention has been directed to the possi
bility of accelerating cUgestion by " concUtionffig" the sludge, 
-with a -view more particularly to the control of its pH value. The 
optimum value is said to be from 7-3 to 7-6, wffich gives a shghtly 
alkalffie reaction. The acid products formed durffig the ffist stage 
of cUgestion lower the pIL value and tend to retard the process. The 
acidity can be reacUly corrected by addffig a Uttle Ume. 
Some care is required ffi getting new tanks ffito work, but when 

once cUgestion has been well estabhshed, the process -wUl go on -with 
very httle attention. Priiss and others lay stress on the desirabffity 
of maintaining the water-content of the sludge at about 94 or 95 per 
cent., but the need for this has been questioned. 
Capacity of Digestion Tanks. The Miffistry of Health usuaUy 

call for a sludge-tank capacity equal to 3 cubic feet per head of 
population. This figure was not available when I laid down my 
earher tanks, which I designed to hold four months' sludge, cal
culated on the basis of 12 tons, or 15 cubic yards, per million 
gallons of sewage. (The Royal Commission estimated that con-
tffiuous-flow secUmentation -without chemicals produces 11 tons 
per mUUon gaUons.) Allo-wffig 30 gaUons of sewage per head 
per day, each person would produce 0-01215 cubic foot of sludge 
per day, or 1-458 cubic feet ffi four months, and I designed my tanks 
accordingly. At Chffigford the capacity was reduced by the gro-wth 
of the population to 1-2 cubic feet per head or less, but the tanks 
nevertheless oontffiued to do excellent work. 
At Southall, where the sludge was formerly pressed and the filter 
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presses were over-worked, a set of four digestion tanks, with a 
capacity of 22,290 cubic feet, was laid down to relieve the presses by 
deaUng -with a part of the-sludge. They are actually deaUng with 
the whole of the sludge from 40,000 people and from some 80,000 
gaUons per day of trade waste. The tank capacity in this case is 
thus about half a cubic foot per head. 
The capacity wffich must be provided in any given case will 

depend on the amount of work which the tanks are expected to do. 
If it is desired to cUgest the sludge completely, 3 cubic feet per head 
wUl doubtless not be too much. In most cases, however, all that is 
necessary is to produce a sludge which is ffioffensive, and which 
-wUl dry reacUly on the draiffing beds, and tffis is beffig done both at 
Chingford and at Southall -with much smaller tank capacities. 
Friction of Sludge in Pipes. Digested sludge fiows freely through 

pipes, a quaUty wffich Watson attributes to the lubricatffig effect of 
the mffiute bubbles of gas which it contains, and, like water, it -will find 
its o-wn level. At MUton, however, the sludge obstinately refused 
for some months to flow to the furthest beds, although the head from 
the tank gave a •virtual gracUent of 1 in 95. The sludge was not, 
however, thorougffiy cUgested. Digestion is now well estabUshed, 
and the sludge flows on to the beds quite freely. 
The friction of sludge ffi pipes has been ffivestigated by Clifford, 

at Wolverhampton, and by a Committee of the Saffitary Engffieering 
Division of the American Society of Civil Engffieers. The Com
mittee presented a long report, which is prffited in the Proceedings 
of the Society for September 1929. They were unable to discover 
any law of flow, but they quote the results of many observations 
made in England, Germany and America. 
The head required to force sludge through a pipe has been variously 

stated as from twice to ten times that for water movffig at the same 
velocity. In a paper read on 25th January, 1934, at a Birmffigham 
Meetffig of Students of the Institution of Cîvil Engffieers, Vokes 
quotes tffiee typical examples from the Birmingham Sewage Works, 
and compares the observed hydrauhc gracUent (or loss of head) for 
sludge of various kffids •with the correspondmg figures calculated for 
water. 
The results are as follows :— 

Diameter. 

12 inches 
12 „ 

12 „ 
9 „ 

Length. 

Miles. 

3-34 

i 
Feet. 
3,700 
150 

Velocity. 

Feet per 
Second. 

1-1 
1-9 

1-75 •» 
3-1 / 

Hydraulic gradient. 

A—-Sludge. 

1 in 145 
1 in 232 

Loss of 

31ft. 

B—Water. 

1 in 1860 
1 in 565 

Head. 

6 ft. 

Ratio = 

12-8 
2-44 

5-17 

BB 
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In the ffist of these examples the maffi was an old one, and possibly 
contamed some deposits of sand. The sludge was pumped ffi each 
case. 
At Syracuse, N.Y., the sludge from the settling tanks is pumped 

through a 5-ffich force main about 2J mUes in length. It is probably 
safer, however, to use pipes not less than 6 inches in cUameter. 
Where sludge has to be lUted, compressed air is a cleaffiy and 

conveffient means for the purpose. Pneumatic ejectors are some
times used, but these are expensive, and, except possibly m large 
works, their automatic working is no advantage. In works of small 
or moderate size I usuaUy run the sludge ffito receivers formed by 
pluggffig the ends of a 12-foot length of orcUnary 48-mch cast-iron 
pipe. Each cyhnder holds about 940 gaUons, and when it is full 
the compressed air is turned on by hand. 

I have also used an air-hft, formed by boltffig a brass plate, closely 
perforated -with ̂ -ffich holes, between 
the fianges of a 6-ffich pipe, as sho^wn 
ffi Fig. 77. Tffis is a cheap and simple 
arrangement, but it works admirably. 

Gas from Sludge. The orgaffic matter 
which is destroyed by cUgestion is 
mostly converted ffito gas, cffiefly 
methane, or marsh gas (CH4). The 
quantity of gas produced wiU depend 
on the nature of the sludge and on its 
temperature. The yield at the Saltley 
(Birmingham) works was estimated at 
half a cubic foot per head per day. At 
Manchester 0-61 cubic foot per head 
was produced, and at Exeter about 
I cubic foot. At Parramatta (New 
South Wales) the yield was behoved 

to be 3 cubic feet,''' and at the Matunga Leper Asylum, near Bombay, 
James said he reckoned on from 3 to 4 cubic feet per head per day. 

The calorffic value of methane is considerably higher than that of 
orcUnary to-wn gas, and it may be used either for heatffig or hghtffig, 
or for power production. The origffial septic tank instaUation at 
Exeter was lighted -with the gas from the sludge, wffich was also 
used experimentally to drive a gas engffie. At Parramatta the 
whole of the sewage was pumped by the sludge gas, the sa-ving 
effected by its use beffig estimated at £1000 per annum. At the 
Birmingham works over 1200 horse-power is obtained from the gas 
from a part of the sludge. Many sewage works utffise a part of the 
gas to heat the digestion tanks. Some plants ffi Germany produce 
more gas than they can use, and sell the surplus to the mufficipal 
gas undertakmgs. 
* In a letter dated 22nd March, 1934, Garlick told m e that he had made 

inquiries with regard to the yield of gas at Parramatta and that he was 
informed that no actual measurements had ever been made. 

FiGt. 77.—^AlBMS-T i-OE 
SLUDGE. 
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Arrangements have recently been made for the sale to the Wands
worth and District Gas Company of the gas from the sludge cUgestion 
tanks at the Cheam sewage works. The gas wiU be purffied before 
beffig delivered to the Gas Company, and will be sold at a price of 
Is. per 1000 cubic feet. It is estimated that 17,500,000 cubic feet 
of gas will be generated each year. 

The gas is, of course, higUy explosive. I have been called in on 
more than one occasion to report on explosions whioh have shattered 
the roofs of the tanks ffi which they took place. At Ilford a septic 
tank coverffig one-third of an acre was -wrecked in tffis way. T w o 
men were killed by a similar explosion at Sherffigham. 

Cost of Sludge Disposal. The Royal Commission, ffi their Fifth 
Report, give the foUo-wffig table sho-wffig the maximum, miffimum, 
and average cost, fficlucUng mterest, sinking fund and all other 
charges, of cUsposffig of one ton of sludge, containing 90 per cent, of 
water, by the various methods dealt with in their report:— 

TABLE XL. 
Cost of Sludge Disposal {Pre-War). 

Method. 

Covering land "with sludge . 
Sea disposal . . . . 
Trenching in soil 
Pressing (population 30,000 or 

over) . . . . . 
Pressing (population under 30,000) 
Pressing and burning (one case 

only) . . . . 

Cost per ton. 

Maximum. 

2-8d. 
6-9d. 
^•0d. 

1-Zd. 
12.6d. 

Minimum. 

l-32d. 
4-Id. 
4-Od. 

4-8(?. 
7-7d. 

Average. 

say 2d. 
Bd. 

„ Bd. 

„ M. 
„ ll-5d. 

„ 18-M. 

These figures are pre-war, so they would not hold good to-day, 
but they are of value as sho-wffig the relative costs of the different 
methods. Digestion was not considered by the Commissioners, 
but there is no doubt that ffi ordffiary cases it is the cheapest as 
well as the most satisfactory way of deahng -with sludge. Where 
the levels admit of runnffig the sludge by gravitation from the secU
mentation tanks into the cUgestion tanks, and from the latter on 
to the dryffig beds, there is no expense for labour so far as the wet 
sludge is concerned, and the cost of removffig the dried cake from the 
beds is trifling. Where the gas produced by digestion can be 
utffised, the (Usposal of the sludge m a y even brffig ffi a small profit. 

Digested sludge dries very quickly on draining beds, producing a 
light spongy grey cake with an earthy smell, wffich woffid hardly be 
recogffised as sewage sludge. 

Dewatering Activated Sludge. Where the sewage is dealt with by 
the activated sludge process, the disposal of the sludge often presents 
great difficulty. This is due to the enormous volume of sludge 
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produced, to its gelatffious nature, and to the tenacity with which it 
holds its water. The future of the activated sludge process -will 
depend ffi no small degree on the possibffity of dewaterffig the 
sludge. 
The engineers of the United States Public Health Service said ffi 

1923: 

" The process is safely beyond the experimental stage, but prob
ably has not reached its final development. The problem of the 
disposal of the tremendous volume of sludge produced m excess of 
that needed for aeration with the sewage is at present the greatest 
drawback to the method. This is true of other methods of treatment, 
but its seriousness is mcreased with this method because of the great 
amount and the character of the sludge produced." 

The Miffistry of Health, in their Annual Report for 1922-23, took a 
similar view. 

" The problem of remo-vmg water from activated sludge, m order 
to reduce the bulk which has ffitimately to be disposed of, has been 
the subject of further experiments by several Local Authorities 
durmg the year. The experiments have mdicated the varyffig nature 
of the sludge produced at different places, owmg to variations ffi the 
quality of the sewage, so that a method of treatment which may be 
applicable at one place is not necessarily applicable at another. 
Drying on specially constructed imder-dramed beds, the use of vacuum 
fUters, •with or •without the preliminary treatment of the sludge -with 
acid, alum, peat, flue dust, and other materials, and filtration through 
a rotating wire-mesh cone, have all been the subjects of experiment, 
but the problem has not yet been satisfactorily solved." 

Durffig the twelve years which have elapsed since these words 
were -written, some progress has undoubtecUy been made, but much 
stUl remaffis to be done before the problem of dewaterffig activated 
sludge can be said to be completely solved. The methods employed, 
many of which are altogether different from those which are used 
with orcUnary sludge, were classified by Langdon Pearse, Saffitary 
Engineer to the Saffitary District of Cfficago, ffi a paper which he 
read at the International Coffierence on Sanitary Engmeerffig, as 
follows : 

Primary removal of water. 

1. Air-drymg on prepared sand beds. 
2. FUterffig : 

(1) Tffiough fine -wire mesh (Maolachlan). 
(2) Tffiough ffltros plates. 
(3) Tffiough absorbent material. 

3. FUterffig -with aid of adcUtional pressure : 

{a) HydrauUc pressure appUed to Uqffid : 

(1) Chamber or leaf fflter-press. 
(2) Kelly ffiter. 
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(b) Hydraulic pressure appUed to bags : 

(1) Worthffigton. 
(2) Berrigan. 

(c) Vacuum ffiters : 

(1) Rotary leaf or American. 
(2) Rotary drum or Oliver. 

4. CentrUuge : 

(a) Intermittent. 
(6) Contmuous. 

5. Flotation. 
6. Sprayffig (Bailey). 

Secondary Removal of Water. 

1. Rotary heat drier : 

(a) Direct. 
(b) Direct-ffidirect. 
(c) Steam. 

2. Traveffing belt driers.'* 

The ffist of these methods, viz. air-drying on prepared sand beds, 
has been used -with success by Haworth. 
He says that if the sludge is run on to 
the beds ffi layers about 6 ffiches deep, 
it dries in eighteen hours or less to a 
cake wffich can be handled. Twelve 
acres of specially prepared beds have 
recently been laid do-wn at Sheffield. 
Bell states that the drying of the 

sludge can be hastened by the adcUtion 
of a suitable coagulant. He found as p̂ ^̂  78.—VAOUOM: FILTER. 
the result of a series of experiments 
that certain ffiert materials havffig sharp, rough surfaces, when 
mixed -with activated sludge, attracted the Ught solid particles, 
producffig coagulation and the separation of a comparatively large 
proportion of the moisture. Smooth, rounded surfaces, on the 
other hand, attracted water and repelled the suspended solids. He 
mixed his sludge with ash, sand, brickdust, crushed stone, basic 
slag, or similar material before runffing it on to the beds, and 
obtaffied ffi five days, in spite of very showery weather, a cake con-
tamffig 80 per cent, of moisture. He expects to be able to deal -with 
the sludge from nineteen people on each square yard of bed. 
At MUwaukee, Chicago, Baltimore, and other American cities, 

the sludge is dewatered by means of vacuum ffiters, simUar to those 
which are used for making paper. This method has also been tried 
at Manchester. 

* Trans. Int. Conf., pp. 128, 129. 
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A vacuum ffiter consists of a cyhnder of metal gauze (Fig. 78), 
cUvided mternally into several sectors, which rotates slowly, -with its 
under-surface dipping into the liquid sludge. In the sectors whioh 
are immersed ffi the sludge a vacuum is maffitaffied, which draws 
the water into the cyhnder, leavffig a tffin paste of soUd sludge on the 
outer face of the gauze. As the cyhnder rotates, this cake is lifted. 
out of the bath, and air is dra-wn through it, further reducffig the 
moisture content. W h e n the sectors have risen stUl ffigher, the 
vacuum is shut off from them and air is admitted under a shght 
pressure, loosenffig the cake from the gauze. The cake, wffich 
contaffis 80 or 82 per cent, of moisture, is then removed by a fixed 
scraper. It is usually found necessary to concUtion the sludge by 
the adcUtion of a suitable chemical and sometimes to heat it before 
filtration. 

Fertilisers from Sludge. At MUwaukee, ffi 1923, there were no 
fewer than twenty-four OUver ffiters, each 11J feet ffi diameter by 
14 feet long, having 495 square feet of effective ffltering surface. 
The sludge cake, while still warm from the filters, is conveyed by 
belt and screw conveyors to Atlas rotary driers, each 7 feet ffi 
(Uameter by 60 feet long, simUar to cement kilns, in which its water-
content is reduced to 5 or 10 per cent. It is then screened, pulverised, 
bagged, and sold under the name of " MUorgaffite." MUwaukee 
produces 36,000 tons or more of dried sludge per aimum. The cost 
of dealffig -with it ffi January 1931 was—^fixed charges and deprecia
tion, $7-17 per ton of dried sludge, and operatffig charges $15-87; 
together $23-04 per ton. Against this there was an income of 
$16-17 from sales, lea-ving a net loss of $6-87 per ton. 

Activated sludge has a considerable manurial value. A typical 
sample of Milwaukee sludge contaffied 7-42 per cent, of nitrogen (as 
ammoffia) and 2-36 per cent, of phosphoric acid. Calvert, however, 
thinks that the good results which have followed its use have been 
due rather to its humus-formffig constituents than to the ffitrogen 
and phosphates which it contains. 

The efforts wffich have been made to derive a revenue from sludge 
have not as a rule been very successful, and this has been largely 
due to the failure to reaUse that success in busffiess depends, not offiy 
on the production of a saleable article, but also, and to a much greater 
extent, on its marketffig. This point has been very closely stucUed 
at Milwaukee, where the Sewerage Commission estabhshed a FeUow-
ship in the Agricultural College of the Wisconsffi State Uffiversity 
for the express purpose of investigatffig the fertiUser value of 
activated sludge. 

Not content with this, the Sewerage Commission became a member 
of the National FertUiser Association and a subscriber to its SoU 
Improvement Committee. Exhaustive experiments were carried 
out with a -view to asoertainffig what crops would benefit most from 
an application of activated sludge. It is particularly suitable for 
la-wns, and golf greens in particular derive great benefit from a 
dressing of it. 
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In view of the expectations which had been formed of activated 
sludge as a fertffiser, it is cUsappoffiting to learn that a tendency 
has lately set ffi to cUspose of it by dewatering and incineration. 
Cfficago led the way ffi this revolt -with an experimental plant 
deaUng -with 20 tons of dried sludge per day; and the Saffitary 
District authorities are now con-vffioed that the cheapest and best 
method of deaUng -with sludge is by vacuum filtration, followed 
by fficffieration. MUwaukee is pro-vicUng for fficffieration ffi the 
additions to its present plant. 
The calorffic value of one pound of dried activated sludge ranges 

from 6000 to 8000 British thermal uffits, but a smaU amount of coal 
must occasionaUy be used with it. The grate must be specially 
designed, and U odours are to be avoided, a temperature of 1500° F. 
should be maffitaffied. 



C H A P T E R X X X V I I I 

T R A D E WASTES 

MANY factories—such, for ffistance, as tanneries, dyeworks, 
galvaffisffig works, and breweries—produce large quantities of 
waste water, wffich is often of a highly polluting nature and qffite 
unfit to be cUscharged into a stream. The discharge of such wastes 
is, ffi fact, expressly prohibited by Section 4 of the Rivers Pollution 
Prevention Act, 1876. 
The waste waters from old-established factories situated in to-wns 

provided -with sewers are usuaUy cUscharged mto the sewers and 
treated -with the ordinary sewage at the outfall. Where these 
wastes are present in large quantities, they -will often materially 
mocUfy the character of the sewage, and they m a y render its 
purffication a difficult matter. It is not surprisffig therefore that 
in the case of factories which do not already cUscharge their waste 
water ffito the sewers a Local Authority should sometimes be chary 
of admittffig it. 
Law. There is considerable doubt as to the right of a manu

facturer to make use of the sewers for the removal of ffis Uquid 
wastes. The law -with regard to it is laid do-wn in the PubUo Health 
Act, 1875, and the Rivers Pollution Prevention Act of the foUo-wffig 
year. 

Section 15 of the Public Health Act makes it the duty of every 
Local Authority to provide such sewers as m a y be necessary for 
the effectual draffiage of their cUstrict. Section 21 entitles the 
o-wner or occupier of any premises -within the tUstrict of a Local 
Authority to cause ffis drains to empty into their sewers, and in 
the absence of any pro-vision to the contrary it has been contended 
that a manufacturer has the right under this section to call on the 
Authority to receive ffis wastes. However this m a y be. Section 7 
of the Rivers Pollution Act, 1876, pro-vides that 
"every Sanitary or other Local Authority ha-vLng sewers under 
their control shall give facilities for enablmg manufacturers withm 
their district to carry the liquids proceetiing from their factories or 
manufacturing processes into such sewers." 

Tffis would seem to be perfectly clear, but the Act goes on to say : 
"This section shall not extend to compel any Sanitary or other 
Local Authority to admit into their sewers any liqmd which would 
prejudically affect such sewers or the disposal by sale, application to 
land, or otherwise, of the sewage matter conveyed along such sewers, 

376 
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or wffich would from its temperature or otherwise be injurious in a 
samtary pomt of -view; " 

and 

"no Samtary Authority shall be required to give such facilities 
as aforesaid where the sewers of such Authority are only sufficient 
for the requirements of their district." 

It has been held by the Courts that the word " sewers," as here 
employed, includes also the sewage disposal works, and that, where 
these are offiy sufficient for the requirements of the district, a Local 
Authority are not bound to receive trade wastes ffito their sewers. 
It is sometimes difficult to determffie whether the words " sufficient 
for the requirements of their cUstrict" mean merely the actual 
present requirements, or whether they should be held to cover 
reasonable future requirements. As the result of these restrictions. 
Section 7 is Uttle better than a dead letter. 
The Royal Commission on Sewage Disposal who were appomted 

ffi 1898 referred in their Third Report to the ffivolved and con-
ffictffig state of the law relatffig to trade wastes, and recommended 
certaffi changes •with a view to facffitatffig their cUscharge ffito 
sewers. Parhament, however, has been busy about other matters, 
and although a quarter of a century has gone by sffice the Com
missioners issued their report, nothffig has yet been done. 

The Jomt Ad-visory Committee on River PoUution, who were 
appoffited by the Miffister of Health and the Minister of Agriculture 
and Fisheries in November 1927, devoted their Second Report, issued 
ffi AprU 1930, to the question of the reception of liquid trade wastes 
into the sewers of the Local Saffitary Authorities. They began their 
Report -with a review of the position under the existffig law. 

In 1898 an opiffion was given to the Local Government Board 
by the L a w Officers of the Cro-wn to the effect that Local Authorities 
are not generally bound under the Public Health Act, 1875, to 
pro-vide such sewers as m a y be necessary to carry off all the trade 
effluents and Uquid refuse from manufactories ffi their district. 
This view was upheld in the case of Brook v. the Meltham U.D.C. 
in 1909. The evidence taken by the Committee showed that in the 
practical appUcation of the law pomts of ambiguity are Uable to 
arise. 

The Committee express their conviction that the general law 
concerffing trade effluents and their access to the sewers has proved 
ffiadequate, and they recommend that Section 7 of the Rivers 
Pollution Prevention Act, 1876, be repealed and the general law 
amended to pro-vide :— 
" {a) That the Local Samtary Authorities shoffid be under a general 

obligation to take and dispose of the trade effluents of their district, 
and that the trader should have a correlative right to discharge such 
liquids to the public sewers; and that for this purpose the Local 
Authorities should have the same powers and duties for the disposal 
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of these trade effluents as they already have for the disposal of the 
ordinary sewage under the Pubhc Health Acts. 
" (6) That the Local Authorities should be empowered to make 

general regulations, governing the exercise by the trader of his new 
right and imposing necessary safeguards and conditions -with wffich 
he must comply; that the terms of these regulations should be settled 
by agreement with representatives duly appomted for that purpose 
by the traders or, m default of such appomtment, by the Local 
Authority acting alone; that, where agreement proves impossible, 
questions m dispute should be determmed by the Mimster of Health; 
and that either party should be able at any time to call for the modi
fication of the regulations, such modifications to be effected in the 
same way as their initial drafting. 
" (c) That it should be competent to the Local Authority, by means 

of these regulations, to call for necessary preliminary treatment 
and the removal of specified substances, where practicable, and for 
the regulation of the rate and volume of discharge; to impose 
reasonable charges for the facilities afforded; and to provide for the 
proper measurement of quantities, inspection of effluents and taking 
of samples." 

In 1932 a Bill was introduced ffi the House of Lords to give legis
lative effect to the recommendations of the Joffit Advisory Com
mittee. So far, however, no progress has been made -with it. 

Local Authorities, however, are naturaUy desirous of encouragmg 
the establishment of factories in their cUstricts, and -will usually 
grant facilities for the admission of trade wastes ffito their sewers 
on reasonable terms. The manufacturer is generaUy called upon 
to screen and settle his wastes, and often to equaUse the rate of 
discharge. A charge is usually made for treatffig them. The 
admission of trade wastes into sewers should always be subject to-
a properly dra^wn agreement. Seven Local Authorities ffi York
shire and Lancashire have obtaffied local acts which define and 
regffiate their relations -with the traders ffi their respective cUstricts. 

Provision for Trade Wastes. Where trade wastes have to be 
dealt -with, the fullest possible uiformation shoffid be obtaffied both 
as regards their volume and their composition. Such information 
is sometimes difficult to get, for the wastes are often discharged at 
several different points, and their volume and composition vary 
greatly from hour to hour. At some works, such for ffistance as 
tanneries, the vats are offiy emptied on one or two days a week. 

Where a large proportion of trade wastes is present ffi sewage, 
they -will often modify its character to such an extent as to neces
sitate special modes of treatment. W h U e their nature m a y influence 
the choice of the preUmffiary treatment, a given volume of trade 
wastes will not as a rule call for any more tank capacity than an 
equal volume of domestic sewage. It may, however, materially 
affect the capacity of the filters, for a filter wffich can deal -with, 
say, 100 gaUons of domestic sewage per cubic yard per day, -wUl be 
unable to treat anythffig like this quantity of strong trade effluent. 
For the purpose of designffig the filters, therefore, the strength of 
the wastes should be taken ffito account. In an Urban District 
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-with which I a m now concerned there are several large factories 
carryffig on a variety of trades. The wastes from some of these are 
no stronger than the domestic sewage, while others are stronger ffi 
the proportion of five, seven, and fourteen respectively. 

The cUfficulty caused by trade wastes is greatly aggravated when 
they are suddeffiy cUscharged ffi large quantities. The manu
facturers should be required to spread the discharge uffif ormly over 
the day. The volume of the wastes can often be reduced by cuttffig 
out clean water, such as that which is used for condensffig and 
coohng purposes. 

Where cUfferent trades are carried on ffi a to-wn, the effluent 
from one -will often neutraUse that from another, in wffich case the 
mixed Uquids wiU be easier to treat than either of them separately. 
In some cases, too, the work of the Sewage Authority m a y be 
lightened, -with profit to the manufacturer, by the recovery at his 
works of valuable substances which, through inadvertence, had 
been aUowed to escape -with the wastes. The Gas Compaffies, for 
ffistance, were formerly ffi the habit of lettffig their coal tar run 
to waste, but when they were compelled to treat it, they found it 
a veritable mine of valuable by-products. 

Dunbar and Calvert, ffi their " Prffioiples of Sewage Treatment," 
record cases ffi wffich manufacturers have effected substantial 
sa-vffigs by layffig do-wn works for the purffication of their wastes. 
A paper-maker saved £500 per annum and a blanket-maker £1000. 
A colhery proprietor recovered 300 tons of coal per fortmght which 
had previously gone ffito the river. 

One Sewage Works Authority were on the poffit of ffistalhng a 
plant for the recovery of the copper which was present ffi the 
sewage, but before they could do so it occurred to the manufacturer 
concerned that he might as well recover it himself. 

Royal Commission Reports. The Royal Commission on Sewage 
Disposal devoted a section of their FUth Report to a consideration 
of the effect of trade effluents on sewage purification. A U the trade 
effluents of whioh they had experience mterfere with or retard the 
. purification to some extent, but they were not aware of any case 
ffi which the admixture of trade refuse makes it impossible to 
purify the sewage. They cite the foUo-wffig cases in which some 
modification in the mode of treatment has had to be adopted. 

The sewage of Burton-upon-Trent consists maiffiy of brewery 
refuse, the domestic sewage constituting only about one-fifth of 
the whole. A large quantity of U m e (40 or 50 grains per gallon) is 
added to the sewage, which is then treated on land. 
The sewage of Bradford contaffis a large proportion of wool-

scourffig Uquors, and is treated by " crackmg " -with sulphuric acid 
as a prelimmary to ffltration. 

At Rochdale the sewage contaffis wool-scourffig Uquor and the 
waste water from fellmongers and rubber-recovery. After pre
cipitation -with sffiphuric acid and alumffio-ferric, it is dealt -with 
either in filters or upon land. This sewage can be successfully 
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treated, without any neutralisation, by septic tanks, followed by 
trickling filters. 

The sewage of Wolverhampton is largely composed of the waste 
water from galvanising works, which contains a great deal of ferrous 
iron in acid solution. It was treated by precipitation -with U m e 
and irrigation. 

The Birmingham sewage, not-withstanding the large proportion 
of manufacturffig effluents which it contaffis, can be successfully 
treated on land or by artificial ffiters after a preUmffiary settlement 
or septic tank treatment. 

At Manchester, too, the sewage contains various manufacturffig 
wastes, includffig many tar products. It is treated in septic tanks 
and contact beds. 

The sewage of Leeds contains wool fibre, dye waste, tannery and 
iron Uquors, wffich render the preliminary treatment, whether by 
septic tanks, secUmentation, or precipitation, more difficult, and 
retard the maturffig of the filters. 

The Maidstone sewage contains large quantities of waste Uquor 
from breweries and tanneries. It is treated by precipitation -with 
lime, but experiments have sho^wn that it could be purffied, -without 
any preliminary tank treatment, by double-contact filtration. 

At Yeovil a sewage which is often mixed -with a large proportion 
of tannery liquor is dealt •with by closed septic tanks, double-
contact beds and trickling filters. 

The sewage of York contaffis tannery wastes and the waste water 
from a coffiectionery works, and is successfully treated by septic 
taffits and tricklffig filters. 

The Commissioners' Sixth Report is devoted wholly to the disposal 
of the liquid refuse from cUstilleries. 

The manufacture of whisky is carried on in the North of Scotland, 
and is a very important mdustry. The amount of whisky cUstffied 
in 1902 was over 29,000,000 gaUons, and it contributed about 
£15,000,000 to the Imperial revenue. 

The volume of the liquid wastes is not great as compared -with 
that produced by other industries, the discharge from a cUstUlery 
of orcUnary size being only about 45,000 gallons per week, but 13,000 
gallons of this consists of " pot ale," which is about forty times as 
strong as orcUnary sewage. M a n y of the distiUeries are situated 
on the Spey and other salmon rivers, the pollution of wffich is 
naturally regarded -with grave concern. 

The Commissioners examined the methods of (Usposal in use and 
carried out some experiments of their own. They arrived at the 
following conclusions : 
" It is practicable to treat the waste liquids from distffieries either 

on land or on filters so as to produce a satisfactory effluent. 
" For treatment of these liquids, triokUng filters are more efflcient 

than contact beds, and, according to present knowledge, it appears 
to be desirable first to dilute the waste hqffids and then to treat them 
with lime before filtermg them. 
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"It is practicable to destroy pot ale by heat. For tffis purpose 
the -waste heat of the works may be utihsed, but this alone is only 
sufficient to destroy about one-third of the pot ale produced. 
" It is practicable to evaporate pot ale and then to incinerate the 

syrup so as to produce a manure which at present sells fairly well at 
about £5 per ton. 
" The revenue from the sale of such manure faUs far short of the 

expenditure reqmred to produce it. 
" There is some risk of atmospheric nuisance with these destructor 

and evaporation processes, as at present carried on, and the distillate 
from the evaporation process is a liquid which would be liable to 
cause a nuisance if discharged into a small stream. 
" The cost of the .various methods of dealing with the waste Uquids 

from distilleries would depend largely on local circumstances. Where 
suitable land was available at an agricultural price, land treatment 
would be the most economical process to adopt, but great care would 
be required to secure that the land is not overdosed and that the 
waste Hquids are properly distributed over it." 

In the case of cUstUleries situated ffi to-wns which are sewered, the 
Commissioners considered that, as a general rule, the liquid refuse 
should be admitted to the sewers. 

Part II of Volume III of their Seventh Report contaffis the 
evidence which they received -with regard" to the treatment of trade 
wastes generally, and Part I of their Ninth Report deals with the 
cUsposal of Uquid wastes from manufacturffig processes. These 
wastes are classffied as foUows : 

Liquid Wastes which are polluting by reason of the suspended 
matter which they carry with them : 

Coal Washing Waste. 
Waste Waters from Tffi Mffies. 
Waste Waters from Lead and Zinc Mffies. 
Waste Water from Chffia Clay Pits. 
Stone Quarryffig Waste. 
Stone PoUshffig Waste. 

Liquid Wastes which are polluting mainly because of the sus
pended matter which they carry with them ; but also to a considerable 
extent because of the dissolved impurities which they contain : 

The Cotton Industry. 
The Woollen Industry. 
The Manufacture of Paper and Cardboard. 

Liquid Wastes which are polluting mainly because of the dissolved 
impurities which they contain : 

Waste Liquor from Wool Scourffig. 
Brewery Waste. 
Steep Water from Maltffigs. 
Waste Liquor from the Manufacture of Sulphite Cellulose, 
The Metal Industries. 
Fellmongers' Waste. 



382 S E W A G E DISPOSAL 

Tannery Waste. 
Dairy Waste. 
Margarme Waste. . 
Waste Liquor from Shale OU DistUlation. 
Spent Gas Liquor. 

Amendment of Law. After dealffig ffi detail with the various 
wastes and the methods available for purifjdng them, the Com
missioners proceed to examffie the existing law in regard to manu
facturffig pollution. They came to the conclusion that the provisions 
of the law are open to objection on two maffi grounds. On the one 
hand, they pro-vide facffities for escapffig the consequences of the 
commission of an offence; and, on the other hand, they do Uttle 
to assist manufacturers who are anxious to avoid the offence itseU. 
They suggest that the law should be amended as follows : 
(1) " That before proceedffigs are taken agamst a manufacturer 
the Rivers Board or Samtary Authority should specify the degree 
of purification which they propose to demand; 
(2) " That the manufacturer should have the right of appeal to the 

Central Authority agamst those requirements; 
(3) " That the requirements, when agreed to by the manufacturer 

or settled by the Central Authority, should remain in force for a 
defimte term of years and 
(4) " That on proceedings bemg taken for mfringement of the re

quirements any matters at issue (other than questions of law) should 
be referred by the Court to the Central Authority." 

The Commissioners then cUsouss at some length the question of 
standards for trade effluents. They conclude their report by 
emphasisffig the need for further ffivestigation ffi regard to the 
treatment and cUsposal both of sewage and trade wastes, and express 
the hope that the Central Authority, the creation of wffich they 
recommended ffi their Third Report, -will be set up to carry on tffis 
work. 
Sffice 1915, when the Commissioners made their Fffial Report, 

many changes have taken place, but their observations as to the 
methods suitable for the treatment of the various classes of wastes 
stUl hold good. There are, however, three other wastes the treat
ment of which is now recei-vffig a good deal of consideration. 
Gas Liquor. Gas Uquor is produced by the cUstUlation of the 

ammoffiacal liquor which is formed ffi the manufacture of coal gas. 
Its composition varies accordffig to the type of retort which is 
used, but it always contains a great deal of ammoffia, sulpho-
cyaffides, and phenols, and absorbs a large amount of oxygen. 
It is probably the most ffitractable of all the waste liquids which 
find their way into the sewers. As Uttle as 0-5 per cent, of it is 
said to have caused cUfficulty in the treatment of sewage, and as 
much as 8 per cent, is sometimes present. So high a proportion 
-will only be met -with where the gas works from which it proceeds 
supply an area much larger than that from wffich the sewage is 
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derived, but proportions of 2 or 3 per cent, are not uncommon. 
In these concentrations gas Uquor can usually be dealt •with ffi an 
orcUnarily efficient sewage works, and does not call for any mocU-
fication ffi the mode of treatment. 

Milk Wastes. The waste waters from dairies and creameries are 
rich ffi orgaffic matter and very Uable to undergo fermentation, 
•with the formation of lactic, butyric, and other orgaffic acids which 
give it a particffiarly objectionable odour. The most nauseating 
smell wffich I ever experienced came from a smaU septic tank 
instaUation dealffig •with the waste water from a cheese factory. 

Opiffions differ as to the best way to treat these wastes. In some 
experiments carried out by the Water Pollution Research Board 
and described ffi their Report issued ffi February 1934, good results 
were obtamed by passffig the wastes tffiough a septic tank and 
trickUng ffiters. O n the other hand, Le-vffie and Watkffis, as the 
result of experiments carried out about the same time for the 
Engffieerffig Experiment Station of the Iowa State CoUege, 
unhesitatffigly condemn septic action and recommend ffltration 
alone. 
At Hamoir, ffi Belgium, Kessener is treatffig 37,000 gaUons of 

dairy wastes per day ffi an activated sludge plant on the Unes 
described on p. 343. The brushes are driven by a 4i-horse-power 
motor. The sludge is ffitercepted ffi a preliminary setthng tank 
and cUgested -with the surplus sludge from the aeration tank. Durffig 
the summer, h m e is added to the wastes ffi order to prevent too rapid 
acicUfication, but it is proposed to oiffit the lime in future, and 
obtaffi the same result by cUlutffig the wastes -with the coolffig 
water. The activated sludge is rather slow in setthng. 

The effluent is very clear, and is said to be better than the water 
of the mountam stream ffito which it is cUscharged. Its biochemical 
oxygen demand is five parts per milUon, and it contaffis on the 
average 5-7 parts per million of mtrates. 

Beet Sugar Wastes, The beet-sugar ffidustry has been carried 
on for many years on the Contffient and ffi America, but it is com
paratively new to tffis country. The factories are usuaUy situated, 
not ffi to-wns, but in rural areas, often on the banks of some hitherto 
unpoUuted stream. The quantity of water used in the process is 
very large—from 3 to 4 million gallons per thousand tons of beet, 
and the waste water is ffighly poUutffig. 

The Water PoUution Research Board has for many years carried 
on an ffitensive investigation into the purification of these wastes. 
B y far the greater part of the water is employed for wasffing the beets 
and coolffig the condensers, and m a y be reused agaffi and again, 
lea-vffig about one-eighth of the total volume to be purified. SecU
mentation tanks, followed by trickUng ffiters, have given promising 
results. The Board has now reached the conclusion that this cUfficult 
problem has at last been satisfactorily solved. 
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CHAPTER XXXIX 

REFUSE 

Definitions. The term " refuse " is used to denote those hetero
geneous soUd wastes wffich are produced ffi greater or less quantity 
by every commuffity. There are tffiee lands of refuse known to 
the law, viz. house refuse, trade refuse, and street refuse. They are 
defined by Section 141 of the Pubhc Health (London) Act, 1891, 
as foUows : * 
" The expression ' house refuse ' means ashes, cmders, breeze, 

rubbish, mght-soU, and fUth, but does not fficlude trade refuse. 
" The expression ' trade refuse ' means the refuse of any trade, 

manufacture, or busmess, or of any bffildmg materials. 
"The expression 'street refuse ' means dust, dirt, rubbish, mud, 

road sweepffigs, ice, snow, and filth." 
Composition. These sober defiffitions give a very ffiadequate idea 
of the cUversity of the substances which are kno-wn collectively as 
" refuse." Mr. H. Percy Bouffiois, w h o was successively City (or 
Borough) Engineer for Exeter, Portsmouth, and Liverpool, and 
subsequently Deputy Cffief Engffieerffig Inspector to the Local 
Government Board, ffi ffis " Disposal of To^wn Refuse," gives the 
foUowffig Ust of some of the contents of the domestic dustbffi :— 
"Ashes, cffiders, unconsumed coal and wood, paper of all kmds, 

and even books (old and new), rags, and articles of olothmg of every 
description, immense quantities of corks (tellmg a sad tale !), tea-
leaves, eggshehs, and shells of oysters and other fish, large quantities 
of vegetable refuse, and decayed and even sound fruit, varymg •with 
the season; dead animals of almost all species; meat tms, empty 
and full, of every description; old iron of aU kinds—saucepans, 
bakmg tms, knives, forks, spoons, umbrella wires; bones of every 
description; fish-heads and entrails; portions of poultry, feathers, 
and offal of aU kinds; crockery (both sound and broken), jam-pots 
predommatmg; broken glass and bottles, the latter sometimes 
whole, and even full m the case of medicme (but not of beer or wine !); 
packmg cases, straw mats, carpets, table covers, pieces of leather, 
straps, oUcloth, and even whole mattresses and beddmg, brickbats, 
plaster, waU-paper, brooms, brushes, toys, and sundries of every 
description, even to gun cartridges and perambulators ! " 
This Ust, long as it is, is far from complete, for " refuse " includes 

in practice everything that the dustman can be persuaded to carry 
387 
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away. He is not bound to remove garden cuttings or sweepffigs, 
or old builcUng debris, but he can often be ffiduced to do so. 

Sffice the W a r a new kind of " refuse " has made its appearance. 
In many households Uve shells, bombs, and similar articles have been 
preserved as mementoes, and at the time of the annual sprffig-
cleaffing many of these are discarded and thrown ffito the dustbffi, 
to the grave danger of the men employed at the destructors. As 
recently as May 1934 the Stoke Newington Borough Council found 
it necessary to issue a wamffig that " live shells, cartridges, MiUs 
bombs, and other explosives must not be placed in the dustbin." 

The composition of refuse varies greatly from to"wn to town and 
from one season of the year to another. Mr. J. C. DaVes, O.B.E., 
the Inspector appoffited by the Mimstry of Health to deal •with the 
collection and cUsposal of refuse, in a paper read before the Institu
tion of Saffitary Engffieers, ffi February 1933, gives the average 
composition of London Refuse as follows : 

TABLE XLI. 
Average Composition of London Refuse in 1928. 

Sine dust under ̂ feth inch 
Fuel, small cinder, etc., above 

^th incli, but under | inch 
Fuel, large cinder, above J inch, 
but under li inch 

PTJTEESOIBIB MATTEE Or " Vital 
content ' * . . . . 

Paper . . . 
Metal containers, and other 
metals . . . . 

Eags, Including bagging, etc. 
Glass, bottles, and cuUet . 
Bone . . . . . 
Combustible debris, unclassified 
Incombustible debris, unclassified 
Not accounted for 

Spring. 

March. 
April. 
May. 

Per cent. 
28-05 

15-18 

12-94 

12-57 
14-73 

3-54 
1-75 
3-23 
1-03 
3-89 
3-09 

Summer. 

June. 
July. 

August. 

Per cent. 
16-93 

8-26 

7-05 

24-07 
23-54 

4-71 
2-05 
3-28 
0-80 
6-92 
2-39 

Autunm. 

September. 
October. 

Kovember. 

Per cent. 
28-05 

15-18 

12-94 

12-57 
14-73 

3-54 
1-75 
3-23 
1-03 
3-89 
3-09 

Winter. 

December. 
January. 
February. 

Per cent. 
35-84 

17-76 

14-07 

8-82 
9-84 

2-98 
1-64 
2-42 
1-96 
3-40 
2-27 

Average 
lor 
year. 

Per cent. 
28-14 

14-57 

12-11 

13-73 
15-04 

3-61 
1-78 
3-00 
0-97 
4-29 
2-71 
0-05 

Mr. David Edwards, Borough Engmeer and Surveyor of Brighton, 
at the London Congress of the Royal Samtary Institute in 1926, 
stated the average composition of the refuse from a large number of 
towns as follows : 

Fine Dust . 

Large Cinders 
Bricks, Pots, etc.. 
Tins . 

Bags . 
Glass . 
Bones 
Vegetable Refuse 

Iron . . . . 
Paper 

Fish Offal, Greens, etc. 

Per cent 

. 44-35 

35-5 
6-9 

1-3 

0-8 
1-15 

0-3 
5-0 
0-3 
2-4 

3-0 
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The percentage of mffieral matter is usually greatest ffi the 
viciffity of the coalfields, but year by year it is becoming less, 
ô wffig to the general substitution of gas and electricity for solid 
fuel. 

In those to^wns, happUy becomffig fewer, where paU closets are 
still in use, the ffight-soU from these has also to be dealt •with. At 
the beginning of the present century, Nottffigham had 37,400 pail 
closets and collected 55,000 tons of ffight-soU per annum. 
Quantity Produced. Dawes estimates that at least lOf milUon tons 

of refuse is produced ffi England and Wales every year, and that 
about 94 per cent, of this is domestic and 6 per cent, trade refuse. 
This estimate does not fficlude the debris from streets and guffies, 
which amounts to another 3 milUon tons or thereabouts. If the 
refuse which is produced ffi London ffi one year were pUed up on 
the Horse Guards Parade, it would reach a height of over 500 
feet. 
Accordffig to Mr. Thomas Codrffigton, a former Inspector of the 

late Local Government Board, a cubic yard of orcUnary house refuse 
weighs from 12J to 15 C"wt. Dawes, however, gives the weight of 
a cubic yard as about 5|- cwt. The •wide (USerence between these two 
estimates is doubtless due, to some extent at least, to the decrease 
in the amount of ash and cinder consequent on the cUsuse of coal 
ffies. The weight of refuse varies from season to season. Mr. A. 
Horsburgh CampbeU, when Borough Engmeer of East H a m , found 
the average weight in summer 6 cwt. per cubic yard and ffi •winter 
9| c'wt. At 15 ĉ wt. per cubic yard a ton of refuse would be 1^ cubic 
yards ; at 5|- cwt. 3f cubic yards. 

The quantity of refuse produced by each person varies -within wide 
hmits, being ffi some districts as low as 1-7 cwt. per head per annum 
and in others 13-8 cwt. or more. In some households all the com
bustible refuse is burnt in the kitchen grate ; in others everything is 
thro-wn ffito the dustbin. Some houses can do •with a single dustbin; 
others require two or tffiee or even more. Householders can do 
much to increase or reduce the cost of collecting and cUsposffig of 
refuse. 

The Miffistry of Health, in their annual report for 1932-33, give 
tables sho-wing the average weight of refuse collected per thousand 
people per day in 1931-32 ffi all the towns from which they received 
returns, and others sho-wing separately the quantities in mining and 
seaside to-wns respectively. 
The average figures are as follows : 

TABLE XLII. 

Average Weight of Refuse per 1000 People per Day. 

All to-wns except mining and seaside to-wns, 222 in number 15-2 c-wt. 
Mining towns . . . . . 58 „ 24-1 „ 
Seaside towns . . . . . 29 ,, 17'1 „ 
All towns 307 „ 17-0 „ 
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The general abandonment of water-bound macadam as a material 
for road surfaces and its supersession by tarmacadam, asphalte, 
concrete, or wood-blocks, has brought about a marked reduction in 
the amount of m u d from the roads, with a corresponcUng change ffi 
its composition. The substitution of motor-dra-wn for horse-drawn 
traffic and of rubber tires for iron tires has also tended to alter its 
character. 
A heavy fall of snow entaUs much labour in its removal. 
A great deal of unnecessary work is thro-wn upon cleansing depart

ments by the disgusting practice of scattermg litter about the streets. 
Tram and bus tickets, cigarette cases, paper bags, newspapers, and 
even bottles are fiung aside by people who would presumably regard 
themselves as civffised. 
London By-laws. In London such cUsfigurement of the streets is 

expressly prohibited by the foUowffig by-laws, made by the County 
CouncU on 29th May, 1906 : 
"No person shall (1) sweep or otherwise remove from any shop, 
house, or veMcle mto any street any waste-paper, sha-vmgs, or other 
refuse, or bemg a costermonger, newsvendor, or other street trader, 
throw down and leave in any street any waste-paper, shâ vffigs or 
other refuse; (2) throw down and leave in any street, for the purpose 
of advertismg, any biU, placard or other substance; (3) titrow do-wn 
and leave in any street any bill, placard or other paper which shall 
have been torn off or removed from any bill-postmg station. 

" No person shall deposit in any street or pubhc place to the danger 
of any passenger, the rind of any orange, banana, or other fruit, 
or the leaves or refuse of any vegetable. 

" N o person shall throw, place, or leave any bottle or any broken 
glass, nail, or other sharp substance (not being road material) on or in 
any street or public place m such a position as to be likely to cause 
injury to passengers or animals or damage to property. 

" In these by-laws the expression ' street ' mcludes any highway, 
and any road, bridge, lane, path, footway, mews, square, court, 
alley, or passage to which the public have access for the time being. 

" Any person who shall offend agamst any of these by-laws shall 
be Uable for each offence to a fine not exceedmg 40s." 

Now and then the offenders are prosecuted, but the sentences are 
usuaUy too Ught to have any deterrent effect. 

Danger from Refuse. Although it is only •witffin the last century 
that anythffig has been kno^wn of the part played by bacteria ffi 
spreacUng cUsease, there has long been an ffistffictive recogffition that 
(Urt is dangerous. In many savage countries it is considered un
lucky to leave about scraps of food or anythffig, such as the cUppffigs 
of hair or naUs, which has come from the person. It was beUeved 
that if an enemy could get hold of anything of the kmd, he could 
use it to weave a spell •with disastrous or even fatal consequences 
to the person from w h o m it came. As the result of this belief, the 
vUlages of Fiji were kept scrupulously clean, but by and by wffite 
men arrived who pooh-poohed these chilcUsh superstitions. The 
villagers accordingly relaxed their precautions : they left all kffids 



R E F U S E 391 

of refuse lyffig about, and in due course they were attacked by an 
enemy. For refuse harbours flies, and flies are among the chief 
agents in the conveyance of the germs of cUsease. Among other 
diseases cUarrhoea, cUphtheria, and typhoid fever may be spread in 
this way. 

Dawes, in a paper read on 3rd March, 1933, before the Institution 
of Saffitary Engffieers, says that, so far as he knows, there is no proof 
of the transmission of cUsease by refuse, and that the men who work 
amongst it appear to enjoy a sickness rate below normal. It would 
appear, however, from the results of an investigation carried out 
ffi 1899-1900 at the suggestion of Dr. Jas. Niven, then Medical 
Officer of Health for Manchester, that the floor sweepings from 
houses occupied by consumptive patients are not altogether 
innocuous. 

Samples of dust were collected, with strict aseptic precautions, 
at pomts where direct ffifection by sputum was impossible. The 
purpose of this was to get dust whioh must at one time have been 
suspended ffi the air, and was therefore hkely to be inhaled by 
persons usffig the room. The dust collected was mixed with sterile 
water, and then used to inoculate guinea-pigs. ,In many ffistances 
the affimals ffioculated cUed withffi forty-eight hours from septic 
diseases, due to the presence of germs other than tubercle bacilli in 
the dust. Out of ten of the cleanest houses, where phthisical 
patients lived who were careless in regard to expectoration, iffiective 
dust was found in five. 
The old Mosaic L a w embodied a code of sanitary regulations on 

which, for the concUtions of life in those days, it would be hard to 
improve. The relation of cleanlffiess to godUness was then no mere 
figure of speech. 
But tffioughout the Middle Ages, and indeed until comparatively 

recently, regard for cleanUness was practically non-existent. The 
concUtions which prevailed in our o^wn country less than a hundred 
years ago are described in the ffist chapter of this book. As the 
result of many sharp lessons, we were at last compelled to give heed 
to the purity of our water supplies and the cleanUness of our rivers ; 
but the question of refuse cUsposal was still neglected. 
Law. In the PubUc Health Act, 1875, the question of the collec

tion and cUsposal of refuse was at last seriously dealt -with. Section 
35 of the Act made it uffia-wful to buUd or rebuUd any house without 
an ashpit. This requirement is happUy no longer ffisisted on, and 
so far, at all events, as urban areas are concerned, the ashpit is now 
a tffing of the past. 
Sections 39 and 45 empower an Urban Authority to provide and 

maffitaffi ashpits or receptacles for public accommodation. 
Section 40 imposes upon every Local Authority thc3 duty of 

pro-vidffig that all draffis, water-closets, earth-closets, privies, ash
pits, and cesspools -withffi their cUstrict be so constructed and kept 
as not to be a nuisance or injurious to health. 

Section 42 prescribes that every Local Authority may, and when 
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required by the Local Government Board shall, undertake or con
tract for the removal of house refuse from premises and the cleansing 
of earth-closets, privies, ashpits, and cesspools either for the whole 
or any part of their cUstrict; and under Section 43 a Local Authority 
who have undertaken these duties or contracted for their perform
ance are liable, in the event of default, -without reasonable excuse, 
to a penalty not exceecUng 5s. per day. In 1906 the Wandsworth 
Borough Council were fined 20s. and £25 costs for neglect of their 
duties in this respect. 
A Local Authority who do not themselves undertake or contract 

for the removal of house refuse may, under Section 44, make by-laws 
imposffig the duty upon the occupiers. 

Section 42 pro-vides that all matters collected by the Local 
Authority or contractor in pursuance of tffis section may be sold or 
otherwise disposed of, the profits arising from such sale or cUsposition 
beffig carried to the account of the rates. 
In the ffineteenth century contractors were often willing to pay 

for the privUege of sweepffig the streets and collecting the street 
sweepffigs and house refuse. In 1803 a contractor paid no less than 
£2350 for the right to coUect the refuse from St. Marylebone. 
Nowadays, however, refuse can rarely be cUsposed of at a profit. 

Trade Refuse. In adcUtion to ordinary domestic refuse, a large 
amount of rubbish is produced in shops and business premises. The 
removal of this is often a vexed question. Section 48 of the PubUc 
Health Acts Amendment Act, 1907, imposes on the Local Authority 
the duty of removing any trade refuse (other than sludge) if called 
on by the o-wner or occupier of the premises to do so. The o-wner 
or occupier must pay a reasonable charge for this service. 
The Committee on Local Expenditure which was appoffited by the 

Chancellor of the Exchequer ffi 1932 refer ffi paragraph 148 of 
their report (commoffiy kno-wn as "the Ray Report") to the 
question of trade refuse as follows : 
" It may be noted that trade refuse ffi many areas amounts to from 

5 to 10 per cent, of aU refuse collected, and that traders are not 
entitled to its collection at the cost of the rates. W e recommend 
that the cost of collection of trade refuse should be a charge on the 
traders concerned, and not borne by the rates generally." 

The Minister of Health, commentffig ffi Circular 1311 on this 
recommendation, says : 

" As regards that m paragraph 148 that the cost of coUectmg trade 
refuse should be a charge on the traders concerned, the position is 
that Local Authorities have power to charge at their discretion, 
except m the case of hotels, restaurants, etc. It is right that they 
should exercise the power unless such exercise would be clearly 
unreasonable." 

It is not always easy to draw the Une between trade and domestic 
refuse, and there is a state of uncertainty on the subject, not offiy in 
London, but among mufficipaUties tffioughout the country. The 
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refuse from hotels and restaurants is undoubtecUy produced m the 
course of their busmess, but it has been held in the courts that, 
beffig of the same character as house refuse, it should be collected 
free of charge. 
The To-wn Clerk of WestnUnster, ffi a paper read ffi June 1933 at 

the Annual Conference of the Institute of Public Cleansing, suggested 
that Local Authorities should be required to remove all refuse, 
regarcUess of its character, from domestic premises, -without charge, 
though garden refuse and buUdffig materials should be expressly 
excluded, and that ffi the case of trade premises they should on 
request remove all refuse, regarcUess of its character, and should not 
offiy be entitled, but should be required to charge for doing so. To 
avoid the need for innumerable smaU accounts, he thought it might 
be desirable to aUow them to collect a small quantity, not exceedmg 
3 or 4 cubic feet, per week, 'without charge. 
The Blackpool Borough Council formerly removed without charge 

aU trade refuse other than offal from fishmongers' shops, for which 
they made an annual charge of 4s. for the use of special airtight 
portable bffis. In 1927, however, they decided to make a charge for 
the removal of excessive quantities of trade refuse. They aUow a 
free ser-vice of seven standard bffis or sacks per week, and charge 3d. 
per bm or sack for any refuse in excess of this quantity. Special 
terms are quoted for large quantities. 
In the Urban District of RuisUp-Northwood (Middlesex) the 

foUo-wffig schedule was recently adopted : 
Each dustbffi 6d. per week : per load 7s. Qd.; per half-load 

4s. Where a house and shop are j ointly occupied one bffi per week 
is collected free. 

Dawes quotes the charge for removing shop refuse ffi one London 
Borough as £1 per ton. 



CHAPTER X L 

STORAGE 

Ashpits. Under the PubUo Health Act, 1875, it was uffia-wful to 
build or rebuUd any house without an ashpit. The Model By-laws 
of the Miffistry of Health, issued in 1930, fficluded the foUo-wffig 
rules -with regard to ashpits :— 

" (1) The ashpit shall be constructed 
(a) at least 10 feet from a dwellmg-house or pubhc buildmg, 

or any buildmg m which any person may be, or may be mtended 
to be, employed m any manufacture, trade or busmess; 
(6) at least 30 feet from any well, sprmg, or stream of water used 

or likely to be used by man for drmkmg or domestic purposes, 
or for manufacturffig drinks for the -use of man, and other-wise 
in such a position as not to render any such water liable to 
pollution. 

" (2) The ashpit shall be so constructed and situated that there 
shall be ready means of access for cleansing the ashpit and, if practic
able, for remo^ving its contents •without carrymg them through any 
dweUmg-house or public buildmg, or any buUdmg in which any 
person may be, or may be intended to be, employed m any manu
facture, trade, or business. 

" (3) The capacity of the ashpit shall not exceed 20 cubic feet or 
such less capacity as is sufficient to contam all dust, ashes, rubbish, 
and dry refuse, wffich may accumulate therem during a period of 
not more than one month. 

" (4) The floor of the ashpit shall be at least 3 mches above the 
surface of the adjoinmg ground, and shall be properly flagged, or 
concreted, the concrete bemg rendered m cement or properly 
asphalted, or shall be formed m some other equahy smtable manner 
and •with suitable materials. 

" (5) The walls of the ashpit shall be constructed of good brick
work, at least SJ mches thick, and rendered mside •with cement or 
properly asphalted, or shall be otherwise constructed of smtable 
non-absorbent materials. 

" (6) The ashpit shall be properly roofed and adequately ventilated. 
" (7) The door of the ashpit shall be so constructed, fitted and 

placed as to admit of being securely closed and fastened and to prevent 
the escape of the contents. 

" (8) No part of the ashpit shall communicate -with any dram.'' 
Dustbins. The ashpit has now passed into weU-deserved cUsuse, 
and has been superseded by portable dustbffis. The new receptacles 
are recognised by the foUo-wing clauses ffi the Model By-laws, but 
it -wUl be seen that the time-honoured name of " ashpit" is still 
retained. 394 
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" Every person who shall pro-vide an ashpit in connexion with 
a domestic bffildmg m that part of the district m wffich the council 
undertake or contract for the removal of house refuse at intervals 
not greater than once a week shall cause the ashpit to consist of 
one or more movable receptacles sufiicient to contam aU dust, ashes, 
rubbish, and dry refuse, which may accumulate therem durmg a period 
of not more than one week. 

" Every person who m connexion with a domestic buildmg shall 
pro-vide an ashpit consistmg of one or more movable receptacles shaU 
cause every such receptacle to be 

(o) constructed of galvanized iron or other suitable imper̂ vious 
material of a sufficient strength and tffickness; 

(6) pro-vided •with smtable handles and a properly fitting or 
ramproof cover; 

(c) of a capacity not exceedmg 3J cubic feet." 
The bffis should be made of galvanised steel or •wrought iron, and 
should be strong enough to withstand the rough handling to which 
they are subjected. They should be covered, to keep out flies, and 
some authorities require the bottoms to be perforated in order that 
hqffids may not be kept ffi them. When filled they should not be 
too hea-vy to be easUy carried. The Model By-laws prescribe a 
maximum capacity of 3^ cubic feet. The By-laws of the London 
County Council lay down 2 cubic feet as the maximum. Accordmg 
to Dawes, large bins act as a direct mvitation to mcrease the quantity 
of refuse. Round bins are better than square ones, for they are 
stronger, and have no corners to hold the refuse. 

Dr. Quine's dustbin, wffich is -widely used in the North of England, 
is a box of galvamsed iron, mounted on trunffions buUt into an outer 
waU, and havffig a hffiged cover. The refuse is tipped from the bffi 
into a skep or basket and carried to the dust-cart. 
In London and other cities large numbers of people Uve in flats or 

single rooms, and do not aspire to the digffity of a dustbin. PaUs, 
baskets, biscuit tms, wooden boxes, or newspaper parcels satisfy 
their simple needs. 
It is a long way from the top floor of a ffigh buUcUng to the ground 

level. To save journeys up and do-wn the stairs, such buUdffigs are 
often provided -with Ufts, ffiside or out, wffich may be used for the 
conveyance of the refuse. In other cases a vertical chute is bffilt 
from an ashpit at or below the ground level to the top of the bffildffig, 
with an opeffing at each floor. The sides of these chutes inevitably 
become foffied, and it is difficult, if not impossible, to keep them 
clean. 
Scavengers. The office of scavenger is an ancient and honourable 

one. Each ward of the City of London formerly had its o-wn 
scavenger or scavengers, elected from the citizens and householders. 
Dawes records that Izaak Walton once held the office. Their duties, 
however, were merely super-̂ dsory, the actual work being done by 
speciaUy appointed "rakers." The scavengers were required to 
take the f oUowmg oath :— 



396 COLLECTION AND DISPOSAL OF REFUSE 

" Ye shall swear, that ye shall dUigently oversee that the pavements 
within your Ward be well and sufSoiently repaired, and not made 
too high in noysance of your Neighbours; And-that the Ways, Streets 
and Lanes, be cleansed of Dung, and all manner of FUth, for the 
honesty of this City : And that aU the Chinmies and Furnaces be of 
Stone or Brick, sufficiently and defensively made agamst perU of 
Fire. And if ye find any the contrary, ye shall show it to the Alder
man of your Ward, so that the Alderman may ordam for the emend-
ment thereof. And thus ye shaU do, as God you help. 

God save the Kmg." 
Contracting. The Public Health Act, 1875, gives Local Authorities 
the option of contracting for the removal of their refuse or doffig it 
themselves. It was formerly customary to entrust the work to con
tractors, but there is a tendency nowadays to concentrate all pubhc 
services in the hands of the Local Authorities. Contracting is usuaUy 
less expensive, but it is held in many quarters that the work is more 
thoroughly done by the Council concerned. Durffig the past ffiteen 
years, however, the high cost of scavengffig in London has led to a 
reversion to the competitive contract system, which is said to be 
workffig quite satisfactorUy ffi the boroughs, viz. Fffisbury, Hammer
smith, Holborn, Lambeth, and Wandsworth, in whioh it is in 
operation. .The foUo-wffig figures show the comparative cost of 
collection and cUsposal by the two systems in 1925-26 : 
Holborn . . . . 

Lambeth . . . . 
Wandsworth . . . . . 
Average for " contract " boroughs 
Average for all boroughs 

N o figures were available for Finsbury or Hammersmith, as the 
change from direct labour to contract took place durffig the year. 

MetropoUtan Boroughs. The question of scavengffig ffi London 
formed the subject of an investigation by Dawes, the results of 
which are set forth in an exhaustive report, which was issued ffi 
February 1929. This report was considered by the Metropohtan 
Boroughs' StantUng Joint Committee, which asked for the observa
tions of the Metropohtan Borough CouncUs thereon. The rephes 
received indicated that eleven of the Councils were in favour of the 
centraUsation of the disposal of refuse and eighteen against it. A 
summary of the replies was sent to the Miffister of Health. 

The Miffister thereupon invited the Councils to send representa
tives to meet him, and a conference was held on 5th July, 1932. At 
this coffierence the Minister stated that he did not think there had 
been any material improvement in the condition of dumps sffice the 
issue of Mr. Dawes' Report, and incUcated that he had dra-wn the 
foUo-wffig conclusions :— 

" (I) That e-vils and imperfections existed and needed attention. 
" (2) The ever-growmg disfficlination of outside authorities to 
receive refuse becomes an urgent question. 
" (3) Theunsatisfactorysituationremams,if anythmg, accentuated." 
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He asked whether somethmg could not be done to secure some 
measure of co-operation, and if so what method could be suggested 
wffich would be acceptable to all the MetropoUtan Samtary Authori
ties. At ffis suggestion a special Cleanffig Sub-Committee of the 
MetropoUtan Boroughs' Standffig Joint Committee was appoffited. 
In July 1934 this Sub-Committee presented a valuable report, de-

scribffig ffi detaU the methods of ooUection and cUsposal employed by 
the various Boroughs, and givmg tables showmg the cost of collection 
and cUsposal ffi each. ShorecUtch heads the hst with a cost (for 
collection and cUsposal) of 26s. &d. per ton, Fuffiam coming last -with 
14s. per ton. 
The Sub-Committee made the foUowffig recommendations : 

" 1.—(o) That tffis Sub-Committee of the MetropoHtan Boroughs' 
Standmg Jomt Committee be constituted a permanent Ad-visory 
Committee upon Collection and Disposal of London Refuse, -with 
powers : 

" (i) To ad̂ vise the Minister of Health and the MetropoUtan 
Borough Councils upon the refuse collection and disposal services 
generaUy and to inspect the Cleansmg Services of the Metropolitan 
Boroughs from time to time. 
" (ii) To take ffito consideration from time to time the co-

ordmatmg arrangements for the collection and disposal of London 
refuse and to prepare schemes of amalgamation for this purpose 
between the Metropohtan City and Borough Councils. 
" (iii) To report upon and, if necessary, submit to the Minister 

of Health proposals for the closing do-wn or regulation of objection
able refuse dumps. 
" (6) That there should be co-operation between Borough Councils 

and the permanent ad-visory body in orgamsmg contmuous mspection 
of aU tips used by such Councils." 

They gave a list of refuse tips which in their opffiion ought to be 
closed, and made certam other suggestions •with a -view to the pre
vention of nuisance. They doubted the ad-visabUity of establishing 
any more destructors ffi any densely populated or buUt-up area. 
Education of Householders. Although the removal of refuse is 

one of the most important of those mufficipal services which are 
classed under the headffig of " pubUc cleansmg," it is harcUy too 
much to say that, as now carried on, it is by far the least satisfactory. 
It coffid hardly be other-wise, for whereas other pubhc ser-vices are 
under the sole control of the Local Authority, scavengffig is a joffit 
undertaking carried on by the householder and the cleansing depart
ment. The departments usually do their best, bu't their work is 
often greatly hampered by the lack of any adequate response on 
the part of the householder. " The weakest Unk,^ said Dawes in 
a Presidential address to the Institute of Pubhc Cleansmg, " in the 
chain of cleansing operations as now carried out is the refuse 
receptacle." 
The first step to any improvement must be the bffildffig up in 

the minds of the public of a saffitary conscience and a regard for the 
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cleanliness of their houses and streets. Many cleansmg depart
ments are doffig valuable work in this direction. 
Durffig the past sixteen years the EUesmere Port and Wffitby 

Urban District Council have been appeahng to the householders ffi 
their cUstrict to burn as much of their household refuse as possible. 
In May 1927 they issued the foUo-wing circular :— 

" The EUesmere Port and Whitby Urban District CouncU desire 
to impress upon the householders and residents in the cUstrict, the 
necessity of makmg proper use of dustbms. 

" The following rules have been dra-wn up with a -view to preventing 
nuisances arising from the improper use of dustbins. 

" What .MAY be placed m the Dustbm. ' 
" (1) The dustbm is mtended for the storage of ashes and other 

houseliold refuse wffich cannot be burned, such as broken crockery, 
tins, and dust. 

" (2) Ashes and cmders should be riddled; the cost of a suitable 
riddle or sieve can be saved in three weeks if regularly used. 

" (3) Tins should be placed on the fire for a few minutes soon after 
emptying in order to destroy any matter adhermg to the interior, 
and then they should be flattened before bemg placed in the bms in 
order that they may occupy less room therem, and also in the ooUectmg 
carts. 

" (4) The bin should be kept m a raised position from the ground 
or be placed upon a paved surface. It should always be kept covered 
to protect the contents from rain and to prevent the entry of ffies. 

" (5) B u m aU the refuse you can, but do not use the b m for this 
purpose. 

" What SHOUiiD NOT be put mto the Dustbm. 
" (6) Wet refuse should not be placed m it. Vegetable and animal 

refuse, tea leaves, paper, cardboard, and similar refuse should be 
burned on the kitchen fire. Tffis can easily be done if not aUowed to 
accumulate. 

" (7) Garden refuse should be dug into the soil. Hedge cuttings, 
&c., should be burned in the garden, as the ashes are very valuable 
as a fertffiser. 

" (8) Bones should be dried on the kitchen fire to prevent putre
faction of any meat adhering to them. These can then be saved along 
•with rags for sale to the marine-store dealer. 

" By carrying out the foregomg rules, nuisances -will be prevented, 
the fife of the dustbin •will be increased, and there •wiU be a financial 
gam for the district generaUy, apart from which you will always have 
a dustbm m a samtary concfition. 
" Remember that a reduction in refuse to the extent of 2 lb. weight 

per dustbin per week, would result m a reduction of nearly 150 tons 
per annum for the whole to-wn. 

" Consider what this would me^n in money value saved, and b u m 
all the refuse you can. 

Samtary Inspector." 
The Haworth Urban District Council issued handbills headed 
" Warffing ! " laying do-wn the follo-wffig rules : 

(1) " No cffiders should be put in the bm, but ridcUed, &c., &c; " 
(2) " No vegetable matter, such as pods, apple or potato parmg, 

&c. &c., should be put m the bin; " 
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(3) " N o animal refuse, such as fish bones and heads, cleanings of 
fish, egg-shells, meat bones, trimmmgs, &c., &c., should be put in bin, 
but burned; " 

(4) " N o liquid slop of any kind to be put ffi bffi : tea leaves, &c." 
These handbUls were sent to every householder, and effiarged 
copies of them were posted all over the district, but the offiy result 
was to add to the amount of paper which found its way into the bins. 
Not to be beaten, the Council had smaUer bUls prffited as follows :— 

"HOUSE REFUSE. 

" Do Not Put PAPEB m This Receptacle. 

" Please Bum It. 

" The CouncU is determined to reduce the amount of Paper which 
has to be coUected from Ashbms and Ashpits, and they CALL upon 
Y O U to B U R N YOURS." 

These were gummed at the back, and whenever 'the dustmen 
thought the amount of paper excessive, they stuck one of them on 
the Ud of the bffi or the door of the ashpit. 
The result was wonderful. In a few months the amount of paper 

was reduced by 50 per cent., and every shopkeeper tied his waste 
paper into buncUes or put it ffito sacks. 
The Institute of PubUc Cleansmg, which was founded ffi 1898 

under the title " Association of Cleansing Superintendents," is 
doffig good service by buUcUng up an esprit de corps in the cleansing 
ser-vice and providffig opportunities for the exchange of experiences 
between its members. At the International Coffierence on Pubhc 
Cleansmg, the ffist of its kind, held at Olympia in July 1931, -with 
Mr. Dawes as President, nffieteen countries were represented and 
there was an exhibition of British and foreign refuse vehicles and 
equipment. 



CHAPTER XLI 

COLLECTION 

THE dustbin is usually kept in the backyard, or, if the house 
has a basement, in the area. The scavengers might pick up the bffis 
from where they stand, but this would necessitate their goffig tffiough 
the houses and would increase the work of collection. AccorcUng to 
Dawes the refuse from no fewer than 63 per cent, of the dwellffig-
houses ffi the MetropoUs has to be carried tffiough the houses. In 
the Cities of London and Westminster, and ffi areas where the new 
regulations of the Miffistry of Transport are in force, the occupier 
must place his dustbffi on the footpath or in a position conveffient 
for the scavenger. In the City of London he has to do so before 
8 a.m. This method cheapens the work of collection and enables 
the work to be done more speecUly, but, as Dawes poffits out, it has 
certaffi cUsadvantages. Many busffiess premises are unoccupied at 
night, and in such cases it would hardly be possible to place the 
dustbffi on the kerb in the early morffing. Dogs and cats ransack 
the bins for titbits, and men and women sometimes turn over their 
contents in the hope of finding somethmg of value. W h e n open 
pails are used, the paper, etc., blows about the street. And apart 
from all these objections, an array of nondescript receptacles contain
ing refuse on the side of a footpath is most unsightly and a blot on a 
residential area. 

The need for this cUsfigurement is obviated where the dustmen 
give notice of their approach by shoutffig or rffigffig a bell. In some 
places a large card -with the letter " D " on it is placed in the -wffidow 
when the scavenger is desired to call. These practices, however, are 
dyffig out, and regular coUections are now the rule. 
Refuse usually contaffis a large amount of putrescible matter, so 

should not be left in the bffi too long. It is usually collected at least 
once a week, and in most to-wns oftener. The ideal to be aimed at 
is a daUy collection, and in the Cities of London and WestnUnster 
this is the rule. Wherever possible the coUection should be made 
early. In Westmffister the work is begun at 5 a.m. and fiffished about 
10.30 a.m. A CanacUan -visitor was surprised to see bins waitffig 
to be emptied in the City of London as late as 10 a.m. : in his o-wn 
to-wn the refuse must be collected by 7 or 7.30 a.m. at the latest. 

A Local Authority which does not undertake the removal of refuse 
m a y make by-laws imposffig this duty on the occupier. In such 
cases he must remove his refuse at least once a week, but if he can 
bury it in his garden he m a y do so. 

400 
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Dust-Vans. The old-fashioned horse-drawn dust-van was 
strongly buUt, with an oak frame and elm or deal sides, and held from 
2 to 4 cubic yards of refuse. Many of them were open, while others, 
of the " Noah's Ark " type, had hffiged covers, closing against a 
longitudmal central rail about 2 feet above the sides. The scavenger 
had to climb a ladder with ffis basket of refuse and empty it into the 
cart. The latter was then driven to the place of cUsposal and tipped 
on to the dump. The weak poffit of all these vehicles was the high 
loadffig Une, which not offiy fficreased the work of loadffig them, but 
led also to the scattering of a good deal of dust. 
Many new types of vehicle are now on the market, mostly built 

of steel, covered, and mechafficaUy propelled. Some of these tip 
from the end and some from the side. Five- to six-ton vans are said 
to be the most economical where the concUtions admit of their use. 
The ideal dust-van should have its sides so low that it can easUy be 
loaded by a m a n standffig on the ground, and the dust should be 
tipped ffito it -without beffig exposed. Mr. J. A. Priestley, Cleansffig 
Supermtendent for Sheffield, ffi a paper on " Modern Methods of 
Refuse CoUection " read at The International Coffierence on Saffitary 
Engmeerffig, said, " The ideal wagon has yet to be produced." 
Great improvements have, however, been made in recent years. 

The Ochsner van, wffich is used ffi many to-wns on the Contffient, and 
was sho-wn at the Royal Saffitary Institute's Exhibition at Blackpool 
in 1933, is designed to prevent the escape of dust whUe it is beffig 
loaded. The bffis, too, are of special design. W h e n fuU they are 
ffited and hung on the side of the van, on which they s-wffig as on a 
hffige. As the bffi is turned upward its Ud opens and a section of the 
cover of the van sUdes in toward the centre, leavffig an opeffing 
tffiough which the refuse cU?ops into the van. W h e n the bffi has been 
emptied, the movement is reversed, and as it is lowered its lid and 
the cover of the van are automatically closed. 
The scattermg of dust might be altogether prevented by the use 

of dupUcate bffis, the fuU bffi beffig placed in the van and carried 
away and a clean one left ffi its place. Tffis system is very attractive, 
but its cost would probably be prohibitive. 
Horses v. Motors. The question of horse-dra-wn v. mechafficaUy 

propelled vehicles has been keeffiy cUscussed, but general agreement 
has not yet been reached. The frequent starts and stops fficidental 
to the work are favourable to horse traction, but not to internal-
combustion motors. Electric vehicles have many advantages for 
tffis class of work, particffiarly where the electricity undertaking 
is o-wned by the local authority. 
Wilkinson, Engffieer to the WUlesden Urban District Council, 

in a paper read before the Institution of Saffitary Engffieers ffi 1927, 
said that horse-dra-wn vehicles can operate and beat any other class 
of vehicle up to a racUus of 1 or IJ mUes, varyffig as the contour 
of the cUstrict, but that for longer cUstances mechaffical vehicles come 
into their o-wn. H e regards a combination of the two modes of 
traction as the most economical. 

DD 
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" The best and most convenient appears to be what is kno-wn as the 
Pagefield System, which consists of two low-loading-Une vefficles 
chrawn by horses, and when one is fuU, the mechanical vehicle (a 
petrol vehicle) comes and brings an empty one, takmg the full one 
away to the tip or refuse destructor, and so on, and the S. D. Freighter, 
which is a low-loadmg-lme vehicle." 

Two other methods were described by Priestley at the Inter
national Conference on Saffitary Engineerffig. 

" In one system the horse-drawn vehicle is raised bodily on to the 
truck of a motor wagon, in substitution for an empty vehicle, and the 
motor proceeds with its load to the depot, wffilst the empty vehicle 
in its turn is loaded up and the process repeated, whUst in the other 
system a motor tractor collects a number of horse-drawn wagons, 
and leaves similar empty ones for loading. In the latter system one 
tractor may serve a number of ooUectmg areas on the same journey, 
but the manoeu-vring of a number of loaded trailers into proper posi
tion at the depot involves some skill, and considerable time." 

Dawes says, in his report on pubhc cleansing in London, that 
vehicles of many types, sizes, and designs are used ffi the MetropoUs. 
The total number ffi use in 1925-26 was 1029, of which 770 were 
horse-dra-wn, 203 mechafficaUy propeUed, and 56 tractor-traUer 
units of various designs. The number of horse-dra-wn vans is being 
steacUly reduced. 
The Highways Committee of the Westminster City Council 

long ago came to the conclusion that, broacUy speakmg, motor trans
port is more economical than horse transport, but they did not feel 
justified in advising the Council to cUspense -with horses altogether, 
as it was thought possible that in a cUstrict adjacent both to the 
shoot and to the stables there might not be much cUfference in the 
cost. They therefore carried out a comparative test ffi a part of the 
City where the conditions were most favourable to horse transport. 
Each method was used in turn for a fortmght, the costs beffig, for 
horses £180 16s. lid. and for motors £144 12s. They aceorcUngly 
recommended the abandonment of horse transport in favour of 
motor transport. 
The Miffistry of Health, in a supplement issued with their Annual 

Report for 1932-33, give tables sho-wffig the percentages of their 
refuse wffich are collected by horse and mechaffical transport 
respectively by Local Authorities tffioughout the country. The 
f oUo-wffig table gives the number of boroughs and urban cUstricts in 
which the greater part of the refuse is coUected by horses, and the 
number in whioh most of it is coUected by mechaffical transport. 
It is acknowledged on aU hands that our present methods of 

collectffig refuse are far from ideal, and there is a very general desire 
for a cleaner and mQre expecUtious mode of transporting it from the 
house to its destination. Dr. George A. Soper, when Cffief of the 
Street Cleansing Department of the City of N e w York, -wrote : 

" If the prevalent crude ways of coUectmg hea-vy and bulky 
household wastes could be done away with m favour of some such 
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plan as that by wffich human excrement is cUsposed of in cities, 
that is, promptly and adequately, through a transportation system 
of some kmd, the problem of keepffig cities clean woffid be greatly 
simplified." 

T A B L E XLIII. 

Methods of Refuse Collection in Use in 1932-33. 

County Boroughs . . {83) 
Metropolitan Boroughs . (28) 
Other Boroughs . . [105) 
Urban Districts . . (101) 

Total . . . (317) 

Methods chiefly employed. 

Horse 
transport. 

25 
10 
23 
26 

84 

Mechanical 
transport. 

55 
17 
79 
74 

225 

Equally 
divided. 

3 
1 
3 
1 

8 

Mr. John A. Brodie, in a paper read before the Royal Sanitary 
Institute on 8th December, 1909, quoted this statement with 
approval, adcUng that he felt sure that, at no distant date, such a 
solution would be found. It has recently been suggested that gar
bage should be sent do^wn the drains and treated with the sewage 
at the outfall (see p. 407). 
In the matter of cleanlffiess, Mrs. Herbert Shipman, Executive 

Chairman of N e w York's " Clean City Committee " regards London 
as far ahead of N e w York. She considers London one of the cleanest 
cities she has ever visited, though she does not think it comes up to 
the high standard of Muffich. What impressed her most was the 
way ffi wffich Stepney cUsposes of its refuse. " I was astounded," 
she says, " at the orderly way ffi which the refuse was collected in 
covered trucks, conveyed to the docks, and there transferred to 
barges." 

SALVAGE 

Refuse contains a great deal of more or less valuable material, 
and ffi many places some of its constituents are sorted out and 
sold. In the Public Health Act of 1875 refuse is clearly regarded 
as a source of profit. W h U e this is rarely the case so far as the 
Local Authorities are concerned, the dustman usually keeps a sharp 
look-out for articles wffich may be utffised or sold. This " totting," 
as it is caUed, is -widely practised, but it is not looked on with favour 
by the authorities. It is particularly objectionable when it is 
carried on by unauthorised persons, and fflthy rags and articles of 
clothing from the refuse bffis or dumps are sold to unsuspectmg 
purchasers. 
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Many years ago the Refuse Disposal Company ffistalled a plant 
to deal with London refuse at Lots Road, Chelsea. The refuse was 
passed tffiough screens, and finally picked over by hand. No fewer 
than thirteen classes of material were recovered. The foUo-wffig Ust 
of these materials indicates some of the uses to which they may be 
put. 

Paper and rags are made into a common bro-wn paper or 
leather board. 
Straw and fibrous material and small pieces of paper for 

straw boards. 
WooUen rags are sold for shoddy. 
Large coal and coke, sold. 
Iron, sold. 
Bottles are sold for re-use, etc. 
Crockery has been sold for re-manufacture. Offers have 

also been made for it, if broken up and sorted into sizes, for use 
in tar paving ffistead of marble chips. 
Ashes and breeze into block fuel for steam purposes, or for 

electric hghtffig, or for brickmakers. 
The vegetable and affimal substances, with the fine dust and 

the bones, for agricultural purposes, or as a basis for cUstributffig 
strongly concentrated manures (such as ffitrate of soda). 
Mffieral, such as the clifficers, stones, etc., for concrete blocks 

or artfficial pavffig stones. 
The clinkers, beffig very hard, are also smtable for mortar, 

or to use in lieu of sand on wood and other roads. 
Broken glass can be remade into bottles, etc., or used for 

makffig glass-paper, or as a flux. 
Tins, these by a simple process can be cleansed from the fats 

adhering to them, and the solder run off and coUected, whUst 
the plates are melted and run ffito sash-weights or slabs ; or the 
plates can be bundled up and sent to the mills to be re-forged. 

All these products, accordffig to the promoter of the company, 
possess a commercial value, and wffi pay all the expense of manu
facture and leave a handsome proflt on the outlay. It does not 
appear, however, that the process was a commercial success. 
The separation of refuse is carried out on a larger or smaUer scale 

by a few Local Authorities, fficlucUng the City CouncUs of West
minster, Birmffigham, and Sheffield, and the Borough CouncUs of 
St. Marylebone and Green-wich. The contractors for the removal 
of refuse at Finsbury and Wandsworth screen out the fine dust and 
ashes for use ffi the brickfields. 
In a complete separation plant the dust and cmders are ffist 

screened out, the larger substances, which do not pass tffiough the 
screen, beffig cUscharged on to a travellffig conveyor belt, from wffich 
the paper, rags, bottles, old tins, iron, and other metal are picked 
by hand. In some plants the large material is passed under a 
powerful magnet, which separates the iron. The separation of 



C O L L E C T I O N 405 

refuse is not a pleasant process, but the prehminary removal of 
the fine dust robs it of its most objectionable features. 

Bones. Ordffiary house refuse contains about 1 per cent, of bones, 
wffich are the raw material of the glue ffidustry, and for which there is 
no avaUable substitute. A n influential deputation from the leadmg 
manufacturers of bone products recently attended at the Miffistry 
of Health and complaffied of the serious shortage of their raw 
material. The returns show the quantity of bones wasted every 
year ffi the refuse from London as approximately 11,000 tons per 
annum, their commercial value beffig at least £50,000. Not only is 
this money lost, but it costs £10,000 per annum to collect and dispose 
of the bones. 
Waste Paper. Another marketable commodity whioh helps to 

swell the bulk of refuse is paper, whioh in one London Borough 
constitutes as much as 55-8 per cent, of the whole. If this were 
kept out of the dust-bin and sold, it would yield a handsome profit 
to the householder or shopkeeper, and appreciably reduce the cost 
of collectffig and cUsposing of the refuse. 
The Chesterfield Cleansing Department are trying to arrange for 

a separate coUection of waste paper, and the experiment is proving 
very successful. Tffis is also beffig done at Haworth. 

The Ministry of Health have been informed that there is a great 
demand for clean paper for the manufacture of cardboard and brown 
paper, much of wffich has to be imported from abroad. During the 
year ending March 1933 one Local Authority received over £1400 
for paper, and other authorities have made regular contracts for the 
sale of the paper which they collect, with satisfactory financial 
results 

Tins. N o fewer than 310,000,000 old tins are tffiown away in 
London every year. They weigh about 30,000 tons, and increase 
the volume of the refuse in a much greater proportion. In some 
districts there are large dumps of disused tins, whioh are not only 
unsightly, but, by reason of the flies wffich feed on their miscellane
ous contents, positively dangerous to health. In other places they 
are pressed into bales and sold. Birmingham, in 1925, sold its 
pressed tffis at 39s. lOd. per ton, the total value of the tffis recovered 
durffig the year beffig £1444 14s. At Nottingham the tins were 
passed through a furnace in which the solder was roasted off, yielding 
a profit of from 10s. to 15s. per day. The selling price of the roasted 
tins was from 6s. to 12s. per ton. 

At the N e w London Electron Works the tin is removed from the 
steel by electrolysis, the separation beffig so complete that not more 
than 0-20 per cent, of tin is usuaUy left on the plates. 

The castffigs made from tins wUl not bear machining, but they 
m a y be made into sash-weights and similar articles. W h e n I buUt 
the Canadian Works of the Edison General Electric Company at 
Peterborough, Ontario, I used 15 tons of sash-weights cast from 
old tins, for which I paid from £6 to £7 per ton. 

Old tins can also be utilised by dissolving them in sulphuric acid. 
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whereby they are converted into ferrous sulphate, which is widely 
used as a precipitant for sewage. 

Glass. Bottles and broken glass are another constituent of refuse 
for wffich a market can usually be found. The Hornsea Urban Districjt 
Council (Yorkshire) have been offered the folio-wing prices at their 
depot for the articles and materials recovered from their refuse : 
Bottles, lOd. per dozen; jam jars, 8d. to lOd. per dozen; white 
glass, £2 per ton; clean woollen materials, £2 per cwt.; rags, 12s. 
to 15s. per cwt.; tins, 25s. per ton; old iron (not galvaffised), £2 
per ton. 

Brickmaking. In London even the fine ashes or " dust " in refuse 
are not -without their value, for they are an important raw material 
in brickmakffig. 
Early in the last century, London house refuse was sent to Russia 

to make bricks for the rebuUding of Moscow after its destruction by 
fire durmg the Napoleonic wars. At that time the value of London 
refuse for brickmakffig alone exceeded the cost of coUectffig it. The 
London stock brick is in a class by itself, and the brickmakers state 
that there are no kno-wn substitutes for two of the principal com
ponents of London refuse in its manufacture. 

In the course of his investigation of the London scavengffig 
ser-vice, Dawes inspected in five of the home counties forty-one 
brickfields, covering some 3000 acres, where London house refuse is 
regularly used as a raw material. Their output in 1926 was about 
249,000,000 stock bricks, of the value of £800,000 per annum. Dur
ing the year no less than 182,000 tons of refuse was sent to the 
various brickfields in the home counties. 

The refuse is not used as it arrives in the brickfields, but is stored 
for several months to " die." During this process it is somewhat 
offensive, and it is not considered practicable to cover it -with soil, 
as any admixture of the latter would seriously impair its value for 
brickmaking purposes. 

Garbage. This list, long as it is, of the valuable substances 
present, in refuse is not yet complete, for it contains also a large 
proportion of wastes of animal or vegetable origin from kitchens, 
slaughter-houses, and markets, and condemned meat and fish. 
These are kno-wn collectively as " garbage." In the Uffited States 
the garbage, ashes, and rubbish are usually collected separately, the 
average quantity of each produced per head per annum being as 
follows : 

Garbage . . . . 180 lb. 
Ashes . . . . . 800 „ 
Rubbish . . . . 80 „ 

1060 lb. 
In many cities, towns, and villages the garbage is fed to hogs 

either by the muffioipahty or by the contractors who remove it. 
This mode of disposal is inexpensive, and usually profitable, and, 
•with reasonably good management, not offensive. Greeley said in 
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1924, at the International Conference on Sanitary Engmeerffig, that 
the total cost of cUsposal by hog-feedffig, fficlucUng haulage to the 
country, might be about $1-00 per ton. 
Another method, also extensively employed, is " reduction,' 

whereby the garbage is separated ffito four parts—volatile matter, 
water, grease and tankage. 

The process comprises : 
(a) cooking the garbage -with live steam in closed tanks ; 
(6) pressffig the cooked material: 
(c) recovering the grease by flotation from the Uquids and by 

naphtha extraction from the sohds ; and 
(d) preparation of the degreased soUds by dryffig, screenffig 

and grffidffig. 

The grease and tankage are saleable products. Greeley, ffi a paper 
read at the International Coffierence, gave a table shô wffig the cost 
and receipts per ton of garbage at Cleveland, Offio, for each year 
from 1905 to 1923. In each of the ffist sixteen years a profit was 
reaUsed, which ffi 1918 reached a maximum of $3-94 per ton. In 
that year grease fetched 13J cents, per lb., and tankage $18-50 per 
ton. B y 1923 these prices had faUen to 4-63 cents and $3-86 
respectively, and there was a loss for the year of 21 cents a ton. In 
carryffig on the process there is a risk of nuisance, but this can be 
avoided by the use of suitable plant and careful management. 
A revolutionary proposal for the cUsposal of garbage was made 

by Mr. Morris M. Cohn, Saffitary Engineer to the Department of 
PubUc Works at Schenectady, N e w York, m a paper presented at 
the faU meetmg of the N e w York State Sewage Works Association 
in October, 1934. H e began by pomting out that there is no 
essential cUfference between the food wastes whioh are rejected ffi 
the kitchen and those wffich have passed through the human body. 
H e accordffigly suggested that instead of coUecting the garbage by 
a separate service, it should be adiffitted by way of the house drains 
to the sewers. 

Experiments have already been carried out in the treatment of 
garbage in conjunction -with sewage. At Lebanon, Pa., in 1923, 
during a period of ffine months, two tons of garbage were ground 
daUy and discharged into one of the six Imhoff tanks at the sewage 
works. N o difficulties were experienced, and the foaming which 
had been takmg place in the tanks was reduced. The amount of 
measurable sludge in the tank was increased by less than one-tenth 
of I per cent.; the drying of the sludge was not rendered more 
difficult, and its value as a fertiliser was not impaired. 

In this instance the garbage was carted to the sewage works. 
Cohn suggests that it should be comminuted by grinding and sent 
down the sink. H e tffinks that householders would be wUUng to 
grind their garbage. H e is probably optimistic; but it does not 
seem certain that grinding would be necessary, so far at aU events 
as the major part of the garbage is concerneci. Bones and other 
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large articles should, of course, be excluded. There are ob-vious 
difficulties in the way of the suggested reform, but the suggestion 
woffid seem to be worth foUo-wing up. 
In tffis country the garbage from houses is rarely, if ever, collected 

separately, but that from large hotels and restaurants is often sold, 
either to firms who reduce it or to pig-feeders. The amount of wet 
garbage collected weekly in London is not kno-wn, but it is beUeved 
to be over 1000 tons. 
Carcasses. In adcUtion to ordinary garbage the cleansffig depart

ment has to deal with the carcasses of oats and dogs and with those of 
horses, where these are not cUsposed of to knackers. The carcasses 
of horses are skinned and out up, and the hides, hair, and hoofs sold. 
The best parts of the meat are sold as food for cats and dogs, and the 
rest of the flesh is boUed ffi open vessels to extract the fat. 
The body of a horse which has died of antffiax or glanders is not 

allowed by the Mimstry of Agriculture to be cut up, but must be 
dealt with whole. The carcasses are sometimes burnt, but few 
destructors are capable of receivffig them, and the cost of the fuel 
required to burn them in the open is considerable. The Otte and 
Pode-wils plants, whioh are extensively used on the Contffient, •will 
deal -with whole carcasses. The method employed is reduction, the 
workffig of which has already been described. 
It will be seen from what has been said that there are many sub

stances which may be recovered from refuse, and which, wffile 
they Tvill not pay for the cost of its collection and cUsposal, may 
in some oases defray an appreciable part of the cost of the service. 
Income from Refuse. Two ffistances of profit derived from refuse 

were recently reported in the technical press. From the " Orgaffic " 
Plant at Middlesbrough, dealing with diseased meat, fish offal, etc., 
the foUo-wing products were sold : 

Fish meal . 
Meat meal . 
Blood meal 
Fertiliser . 
Tallow, white 
Tallow, green 

Tons 
. 4 4 1 : . 

8.1 . 
5:1 

. 42 
5| . . , 
5i . 

£ s. d. 
548 12 6 
IU 4 10 
41 1 10 
166 5 9 
97 5 11 
51 18 8 

£1016 9 6 

At Accrington waste products brought ffi an income of £3472, or 
-withffi £300 of the total cost of disposal, the prfficipal items beffig 
as follows : 
Waste paper, £3 ; Fish Meal, £823 ; Light Scrap Iron, £12 ; 

Destructor Scrap, £25 ; Mortar, £1730 ; CUnker, £74. 
The samtary disposal of refuse should never, however, be sub-

orcUnated to considerations of profit. 



CHAPTER XLII 

DISPOSAL 

WHATE-VEE uses may be found for a part of the refuse, the great 
bulk of it -wiU have sooner or later to be cUsposed of. This may be 
done ffi any of the f oUo-wmg ways : 

(1) Dumpffig at sea. 
(2) Tippffig on land. 
(3) Bacterial cUgestion. 
(4) Piilverisffig. 
(5) Burning. 

Dumping at Sea. Certain towns on or near the coast send their 
refuse out to sea, the distances to the dumping ground rangffig from 
three to thirty mUes. In two cases self-propelled vessels are used ; 
but the refuse is usually carried ffi barges of about 400 tons, towed 
by tugs. The cost of this mode of disposal m a y be anything up to 
2s. per ton. 
In spite of its apparent ease and cheapness, it has certain serious 

disadvantages. In very rough weather or during fogs the barges 
cannot put to sea, and the refuse accumulates at the loadffig poffit. 
If, on the other hand, the sea is too smooth to rock the barge, the 
latter cannot cUscharge its load. Much of the lighter debris more
over floats on the surface and is washed ashore on neighbourffig 
beaches. 

Tipping. Tffis is the oldest and most general mode of cUsposal, 
and, as orcUnarily carried on, the least satisfactory. There are 
few to-wns wffich have not in their near vicinity one or more ancient 
dumpffig grounds, which m a y be smelt afar, and which harbour 
numberless ffies and rats. Some of the London Boroughs are 
notorious offenders, for they send their refuse in enormous quanti
ties to cumber the ground and poUute the air m unoffencUng and 
helpless rural areas. 

Dawes, in his valuable report, describes some of these dumps, in 
particular the two at South Hornchurch, Essex, which form together 
a mountaffi of refuse about three-quarters of a mile long, a third of 
a m U e ffi -width, and 90 feet high. They are said to have taken about 
35 years to grow to their present proportions ; and some 350,000 
tons of refuse, etc., are being addeci to them every year. Many a 
charming vaUey and many a lovely spot on the chffs are beffig defaced 
by the tippffig of refuse. It is a marvel that the pubhc conscience 
has tolerated these abominations so long. Yet a refuse dump need 

409 
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not be either an eyesore or a nuisance. If it is either, it is solely 
through the neglect of weU-kno-wn precautions. 

ControUed Tipping. The Ministry of Health issued in 1922 a 
" list of precautionary measures for abatffig and preventing nuisances 
arising from refuse tips." This list, -with a shght emendation, is 
reproduced in their report for 1931-32 as follows : 

"REFUSE TIPS. 

" Suggested Precautions. 

"1. Every person who forms a deposit of filth, dust, ashes or 
rubbish, of such a nature as is Ukely to give rise to nuisance, exceeding 

* cubic yards, must, in addition to the observance of any other 
requirements wffich are apphcable, comply •with the foUowmg rules :— 

" (1) The deposit to be made in layers; 
(2) No layer to exceed * feet m depth; 
(3) Each layer to be covered, on all surfaces exposed to the air, 

with at least nine mches of earth or other suitable sub
stance; prô vided that during the formation of any layer 
not more than * square yards may be left uncovered 
at any one time; 

(4) No refuse to be left uncovered for more than 24 hours from 
the time of deposit; 

(5) Sufficient screens or other suitable apparatus to be prô vided, 
where necessary, to prevent any paper or other debris from 
bemg blo-wn by the wind away from the place of deposit. 

" 2. Every person who deposits any fllth, dust, ashes, or rubbish 
likely to cause a nuisance if deposited in any water must, so far as 
practicable, avoid its bemg deposited m water. 

" 3. Every person who deposits any fUth, dust, ashes, or rubbish 
must take aU reasonable precautions to prevent the breaking out of 
fires and the breeding of flies and vermin on or in such deposit. 

"4. If the material deposited at any one time consists entirely 
or mainly of fish, animal, or other orgamc refuse, the person making 
such deposit must forthwith cover it with earth or other equaUy 
suitable substance at least two feet m depth. 

" 6. Every person who deposits any filth, dust, ashes, or rubbish 
must take all practicable steps to secure that tins or other vessels or 
loose debris likely to give rise to nuisance are not deposited in an 
exposed condition on or about the place of deposit. 

" 6. Sufiicient and competent labour must be provided in con
nection with the deposit to enable the necessary measures to be taken 
for the prevention of nuisance. 

" 7. So far as practicable, each layer of refuse wHch has been laid 
and covered -with soil must be allowed to settle before the next layer 
is added. * Appropriate figures should be inserted here, after full consideration of 

the local conditions. The Ministry will be glad to ad-pise on this point and, 
in any event, to be informed of the figures adopted. 
" Unless the circumstances are very exceptional, the depth of the layer 

should not exceed six feet. 
" The object of this is to provide that even the surface which is allowed to 

remain exposed under the proviso to (3) shall be covered up promptly : this 
should be done -within 24 hours (reduced from the 72 hours mentioned in the 
Annual Report for 1929-30)." 
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" 8. Wherever practicable, the person maldng the deposit must 
avoid raising the surface of the tip above the general level of the 
adjoining ground. 

" 9. AU refuse must be cUsposed of with such dispatch and be so 
protected during transit as to avoid risk of nuisance." 

If these rules are compUed with, a biological fermentation -will be 
set up ffi the refuse, whereby its offensive constituents wUl be 
destroyed. In favourable circumstances the heat thus generated 
-will raise its temperature to 150° F., or even higher, wffich should 
be fatal to any germs of cUsease which m a y be present. The refuse 
-will usuaUy settle from IJ to 2 inches for each foot in depth. L o w 
land thus levelled up with refuse m a y be used for recreation grounds 
or other purposes. 

Beccari Process. In the Beccari process, which has been in 
practical use for nearly twenty years, the digestion takes place in 
cubical cells, each holcUng from 8 to 11 tons of garbage. Tffis is 
loaded ffi layers about 20 ffiches deep on to slatted platforms, the 
lowest of wffich is several inches above the floor. The latter is 
sloped and pro-vided -with a drain. Each cell has a hatch at the top 
for loadffig, a door at the side for removffig the cUgested garbage, and 
several vents. 
As soon as a cell is fiUed it is tightly sealed. In from five to seven 

days the temperature rises to from 140° to 160° F., eventually falling 
to about 100°. After seven or eight days the vents are opened. 
The normal cUgestion period is thirty-five days, during which any 
fish or affimal flesh which m a y be present is entirely consumed. 
The raw garbage shoffid be seeded -with cUgested material. The 
garbage is reduced to a stable, odourless humus contaiffing from 10 
to 15 per cent, of moisture, and having considerable value as a 
fertffiser. The weight of the humus is from 10 to 20 per cent, of that 
of the raw garbage. 
The Beccari process origmated in Florence. There are now some 

eighty mufficipal plants in use in various parts of the world, inclucUng 
America. 

Pulverising. The refuse, after being freed from metal containers, 
very large articles, pieces of rag, etc., is fed into a strongly made 
mUl, in which it is beaten by swingffig hammers, revolving at a very 
high speed, and driven against a grating. It emerges as a fffiely 
divided and fairly uniform mixture, which is said to be odourless 
and non-inflammable, and not to attract either house flies or rats. 
It is claimed also to possess some value as a fertihser. Dawes 
questions the total absence of rats from pulverised refuse, and 
remarks that, although house ffies do not appear to frecjuent it, small 
numbers of bluebottles are sometimes present. H e thinks that any 
value wffich it m a y possess for farmers is probably due more to its 
physical effect on the land than to its fertUising mgredients. 

Pulverisation is not widely used ffi this country. Colwyn Bay 
pulverises 87 per cent, of its refuse, St. Albans 75 per cent., South-
wark 34 per cent, and Croydon 16 per cent., and there are a few 



412 COLLECTION A N D DISPOSAL OF REFUSE 

small plants elsewhere. The process was also in use for some years 
at East Ham. 
Destructors. The oldest and most widely used method of disposffig 

of refuse is by burning. This may be done in the open, but the 
combustion is then very incomplete and gives rise to nuisance. 
Closed chambers, or " destructors," are now always used. 
During the War, however, when sanitary requirements had to be 

met without the aid of all those expensive appUances wffich are 
avaUable in civil life, the sanitary persoimel displayed great ingenffity 
in improvising means for the purpose. Incffierators were bmlt of 
any material on which they could lay thek hands—bricks, where 
they could be found ; or, failing these, bully-beef tffis fflled -with 

[By Courtesy of Tlie New Destructor Co., Lid. 

FIG. 70.—HOESFAIL DESTBTJCTOB. 

clay, or even sods. Crude as these were, they served the purpose, 
and the refuse from large bodies of troops was promptly and 
effectively dealt -with. 
The modern destructor, which dates from about 1876, is a perman

ent structure of brickwork, lined with firebrick and equipped -with iron 
grates and a high chimney. The earlier destructors were crude affairs, 
and coal or other fuel had often to be mixed with the refuse to get 
it to burn. In a present-day destructor this is quite unnecessary. 
BroacUy speaking, there are two types of destructor, cUstmguished 

by the way in which they are fed. Most of the earher destructors 
had steeply sloping grates and were fed from the top. The refuse 
was tipped from the carts on to a floor formed over the ceUs, -with 
an openmg at the upper end of each. The refuse usuaUy feU on to 
a drying hearth of firebrick, from which it was raked do-wn on to 
the &e. Fig. 79 is a longitudinal section of a HorsfaU destructor 
with a sloping grate. 
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It was claimed for this type of destructor that manual labour is 
reduced to a rffinimum, and that the refuse undergoes a preUminary 
drying on the hearth before it is dra-wn on to the grate. O n the 
other hand, it is held that by feedffig the furnace -with smaU quan
tities of refuse at short intervals it is spread more eveffiy over the 
fire, and that better combustion is obtained, than when large 
quantities are tipped on at once. Against this advantage must 
be set the alternate heating and cooling of the brickwork due to 
the frequent opeffing of the door. 

The more recent destructors are usuaUy stoked from the front, 
like an ordinary furnace, and the grates are flat or only shghtly 

Marirvt, BoiZer. 

[By Courtesy of Messrs. Meldrum, Ltd. 

FIG. 80.—^MELDEUM DESTETTCTOE. 

mcUned. Tffiee or four ceUs are sometimes placed side by side and 
covered by a single longitucUnal arch, and the hot gases pass over 
a bridge at the end into a combustion chamber. Fig. 80 shows a 
Meldrum destructor -with a flat grate. 

Much of the mineral matter in the refuse is fused by the great heat, 
and soUdffies on the bars of the grate, requirffig hard work to dis
lodge it. It is said that for perfect combustion a temperature of 
about 1500° F. is required. Tffis gives a fuU red heat. Higher 
temperatures, up to 2000° or more, can be obtamed by the use of a 
forced draught, produced either by a steam blast or by a fan. Much 
less steam is required to drive a fan than when the steam is 
blo-wn ffito the fiire, but in the latter case it keeps the bars cool, 
thus prolongffig their Ufe, and it tends to prevent the clinker from 
stickffig to them. The steam is cUssociated in the lower layers of 
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the fire, forming water-gas, which is burnt in the upper layers. A 
steam blast is said to honeycomb the chnker, thus renderffig it less 
suitable for road-makffig. 

In some of the earUer destructor plants auxffiary furnaces were 
used to cremate the fumes which were produced by the fficomplete 
combustion of the refuse. Hornsey at one time spent £800 per annum 
on fume cremation. With the ffigh temperature which is maffitained 
ffi a m o d e m destructor no unconsumed gases should escape, except 
perhaps momentarily wffile the feeding door is open. In many 
plants the gases are passed tffiough a special combustion chamber on 
their way to the chimney. N o auxffiary fuel, however, is used, the 
walls of the chamber beffig kept at a high temperature by the gases 
themselves. 

Low-Temperature Combustion. In most modern destructors a 
high temperature (1500° F. or over) is aimed at, but, provided that 
a uniform heat is maffitained throughout, a lower temperature will 
suffice. In the Whitfield Gas Producer the refuse is consumed at a 
comparatively low temperature, and a large volume of combustible 
gas is produced. 

The producer consists of a steel shell, Iffied with brickwork. 
The refuse, which is first screened, is fed in at the top by a hydraulic 
ram, and a regulated supply of air is admitted through the sloping 
grate. The water present in the refuse is decomposed into oxygen 
and hydrogen, and, as the result of the restricted air supply, the 
combustion of the refuse is not carried to completion with the 
formation of carbon cUoxide, but is arrested at the carbon monoxide 
stage. Tffis producer is thus similar in principle to the orcUnary 
gas producer, but the latter has been found to be unsuitable for 
deahng with refuse, and the Whitfield producer has been designed 
to overcome its defects. 
A ton of screened refuse yields about 55,000 cubic feet of gas, of an 

average calorific value of 125 B.T.U., and contaiffing 10-2 per cent. 
of carbon dioxide, 0-4 per cent, of oxygen, 48-2 per cent, of nitrogen, 
40 per cent, of carbon monoxide and hydrogen, and 1-2 per cent, of 
hycirocarbons. 

Dust. The gases of combustion contaffi a good deal of dust, wffich 
is apt to be objectionable, and should therefore be intercepted. 
Chambers are sometimes formed at the foot of the cffimney for the 
purpose. HorsfaU has an annular chamber surrouncUng the base 
of the chimney, round which the gases are caused to swirl. The dust 
is tffiô wn outward by centrifugal force, and is caught in pockets 
outside. This dust, which is very fine, is sometimes used as a base 
for disinfecting powder. 

Clinker. Refuse burnt in a destructor ordffiarUy yields from 30 to 
33 per cent, of its weight of clinker, but occasionally as little as 22 
per cent. A good destructor cUnker is hard and vitreous, and there 
are many uses for it. It is often utilised in the foundations for roads, 
and sometimes as an aggregate for concrete. Many Local Authori
ties crush their clinker and make it into pavmg-slabs ; others have 
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mortar mills ffi which the ffiier particles of the crushed clinker are 
utUised. 

Destructor cUnker, broken and screened, is widely used as a 
material for bacterial filters, for which purpose the demand often 
exceeds the supply. It commands a price of from 10s. to 18s. per 
cubic yard or even more. A cubic yard weighs from 12 to 18 c-wt. 

Power from Refuse. The calorffic value of refuse is considerable. 
Maxwell, ffi ffis " Destructors and the Disposal of To-wn Refuse," 
gives the calorffic value of a pound of average refuse as from 1500 
to 3000 B.T.U., or from one-tenth to one-ffith of that of good coal. 
H e goes on to say that one ton of average refuse is capable of generat-
ffig its own weight of ffigh-pressure steam. The late Sir Arthur 
Duckham, at an informal meetffig of the Institution of Ci-vU Engffieers 
held on 8th February, 1928, gave the calorffic value of London 
refuse as 2930 B.T.U., and said that one pound of it would evaporate 
1-85 lb. of water. 
The heat wffich is produced by the combustion of refuse m a y 

be used to generate power for various purposes. Most destructor 
plants use a certaffi amount of power for lifting, screening, or pul-
verisffig the refuse, crushing the clinker, working mortar mills, or 
dri-vffig a fan to assist the draught. In other cases Uve steam is 
blo-wn ffito the ashpit for tffis purpose. Steam is also used ffi 
disiffiectors, which are often located at the destructor station. 
Power is required for pumpffig water or sewage, and for generating 

electricity. Many destructor plants furnish steam to the local 
electricity undertaking. 

In favourable circumstances the amount of current which can 
be obtaffied from refuse is considerable. The Borough of Hackney 
used to claim the record -with 105-8 uffits per ton, but St. Marylebone 
has recently estabUshed a new record -with 174 uffits. At the 
informal meetffig of the Institution of CivU Engineers already referred 
to, Duckham said that -with a modern ffigh-speed turbo
generator, consuming 12 lb. of steam per kUowatt-hour, each ton of 
refuse shoffid yield 319 uffits. Taking the quantity of refuse 
produced ffi the Admiffistrative County of London at 1,500,000 tons 
per annum, the value of the current therefrom, at one haUpenny 
per umt, would be £1,000,000 per annum. 

The gases leave the boiler at a high temperature, and their 
surplus heat can be utffised by passing them tffiough a Green's or 
Hudson's " economiser." If the coohng of the gases is carried too 
far, the draught ffi the chimney -wUl be impaired, but it may 
be made good by means of a fan. 
The demand for electricity varies widely throughout the twenty-

four hours, while a destructor produces heat at a practicaUy con
stant rate. For ordffiary steam-raising purposes water-tube 
boilers are most in favour, but a Lancashire boiler has a much 
larger water capacity, which renders it better able to supply steam 
at a varyffig rate. The accumulation of heat energy to meet 
a varyffig demand is kno-wn as " thermal storage," and at some 
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generating stations large oylffiders are installed to hold water at 
boiler temperature to feed the boilers durffig the hours of peak load. 
In certain oases this water is heated by live steam from the boilers, 
which are thus enabled to work at a more or less constant rate. 
ShorecUtch was one of the ffist of the London boroughs to lay do-wn 
a combined destructor plant and electric generatffig station. 

In N e w York City and elsewhere live steam is extensively suppUed 
for the central heatffig of houses, and in these days, when almost 
every Local Authority has its housing scheme, it would be worth 
whUe to look ffito the possibffity of laying on a supply of steam or hot 
water from the destructors. 

Lord Kelvin and others looked forward to the day when the 
burffing of refuse would be a source of considerable profit. These 
hopes may not perhaps be reaUsed, but with careful management a 
return may often be obtaffied from refuse to set against the cost of 
its cUsposal. 

Controlled Tipping v. Burning. Twenty years ago it was generaUy 
considered that the destruction of refuse by burnffig was the offiy 
effectual and satisfactory way ffi which it could be cUsposed of. 
Even now, not-withstancUng the proved success of controlled tippffig, 
there are stiU some who look at this method askance, and maintaffi 
that the only proper way to cUspose of refuse is by burning. So 
obstinately is this opinion held, that the Miffistry of Health thought 
it necessary to refute it. In their Annual Report for 1931-32 they 
say: 

" There is stUl a large body of opinion whioh regards the disposal 
of refuse by any form of tipping as certain to give rise to nuisance, 
and adheres rigidly to the mistaken notion that the only satisfactory 
system of disposal is by costly meohamoal methods. This •view may 
be excused in those who are not acquamted with modern develop
ments, for it cannot be denied that, m the past, mchscritnmate 
tippmg has caused serious nuisance, and that there are still sufficient 
examples of bad concUtions to make persons sceptical of any sug
gestion that tippmg can in any circumstances be a satisfactory form 
of refuse cUsposal. 

" There are now, however, ample ffistances where tippmg has been 
and is bemg done, not offiy without any nffisance whatsoever, but 
•with valuable reclamation of land and the sâ ving of tens of thousands 
of pounds every year to the ratepayers. It is suggested that those 
stUl m doubt should inspect some examples of this ' controUed ' 
tipping and see for themselves the exceUent results which have been 
obtained, without, it may be emphasised, any approach to a nuisance, 
and often •with a noteworthy improvement of local amemties. 

"Much attention is now bemg given to rural amenities, and 
it can safely be said that, as a general rule, the dry refuse of rural 
areas can be satisfactorUy disposed of by this system •with very Uttle 
additional expense and •without, as often at present, creatmg an 
eyesore or nuisance. But m selectmg a site for a refuse tip in a rural 
area, a point to be borne in mind is whether there is likely to be any 
risk of pollutmg a source of domestic water supply. 

"The essential requirements of controlled tippmg are a proper 
site, a suffioient supply of suitable covermg material, strict observance 
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TABLE XLV. 

Average Weight of Refuse and Cost of Collection and Disposal 
{per ton). 

Income deducted. Numbers of Boroughs and Districts shown in 
brackets.) 

Population. 

Under 30,000 . 
30,000 and over, under 
50,000 . ; . . 

50,000 and over, tmder 
100,000 

100,000 and over, under 
200,000 

200,000 and over For an places malting re
turns . . . . 

Corresponding figures for 
1931-32 

Averages for 1932-33 com
puted on aggregate popu
lation, tonnage and ex
penditure 

Average 
weight per 
1,000 ol 

Population 
per day. 

Cwts. 
18-7 (93) 

17-8 (88) 

16-0 (73) 

15-0 (45) 
14-6 (24) 

17-1 (3^3) 

17-0 (309) 

16-0 (323) 

Average cost per ton. 

Collec
tion. 

s. d. 
8 1 (75) 

7 10 (85) 

8 8 (71) 

9 11 (43) 
9 6 (23) 

8 7(297) 

8 9 (282) 

8 10(297) 

Dis
posal. 

s. d. 
3 2 (75) 

3 7 (85) 

i 7 (71) 

5 10 (43) 
5 5 (23) 

4 2(29?') 

4 5(282) 

4 9(297) 

CoUection and Disposal 
•with loan or deprecia
tion charges and ex
penditure for new plant 
out ol revenue Included 

or excluded. Included. 

s. d. 
10 3 (94) 

11 5 (88) 

13 5 (73) 

15 8 (45) 
15 0 (24) 

12 5 (324) 

12 9 (310) 

13 5 (324) 

Excluded. 

s. d. 
9 6 (94) 

10 4 (S«) 

12 4 (73) 

14 7 (45) 
13 10 (24) 

11 4 (324) 

11 8 (310) 

12 4 (324) 

TABLE XLVI. 

Average Cost of Collection and Disposal of Refuse (per 1000 of 
Population). 

(Loan or depreciation charges and expenditure for new plant out of revenue 
included; income deducted. N u m b e r of Boroughs and Districts shown 
in brackets.) 

Population. 

Under 30,000 . . . . 
30,000 and over, under 50,000 . 
50,000 „ „ 100,000 . 

100,000 „ • „ 200,000 . 
200,000 and over 

For all places making returns . 
Corresponding figures for 1931-32 
Averages for 1932-33, computed 

on aggregate population, ton
nage and expenditure 

Collection. 

£ 
117 (77) 
115 (85) 
122 (71) 
133 (43) 
127 [23) 

121 (299) 
125 (286) 

127 (299) 

Disposal. 

£ 
41 (77) 
49 (85) 
64 (71) 
77 (43) 
71 (23) 

56 (299) 
59 (286) 

69 [299) 

Collection 
and 

Disposal. 

£ 
152 (97) 
168 (89) 
188 (73) 
209 (45) 
197 (24) 
175 (328) 
182 (316) 

195 (328) 
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of the precautions recommended by the Ministry * (these are repro
duced in Appendix I, page 275 of this Report), and, this is very 
important, careful supervision and management. Care should be 
taken that the men engaged on the work are properly instructed and 
that the instructions are carried out—^in short, that the work receives 
the same attention as would be given to a process on whioh there had 
been heavy capital expenditure. These are simple conditions, 
a cheap price to pay for the marked advantages of controlled tipping 
in suitable circumstances : if they cannot be fully observed where 
the circumstances are favourable, there is somethmg wrong with 
the standard of local administration." 

Methods of Disposal in Use. In this connection it is instructive 
to note the change which has taken place in refuse disposal 
practice in the last twenty years. In 1914 the Local Government 
Board issued a "Return as to Scavenging in Urban Districts." 
Out of 482 towns having populations between 5000 and 20,000 
there were only 71 with destructors and 318 using tips or dumps, 
while out of the 96 great towns (excluding London) 72 had 
destructors, but only 25 used them to dispose of the whole of 
their refuse, 24 were without destructors, and 61 used dumps to a 
greater or less extent. At that time, broadly speaking, dumping 
was the general means of disposal. 

The Ministry of Health issued with their Annual Report for 1932-
33 a supplement of the returns received from Local Authorities with 
reference to the collection and disposal of refuse. Table X L I V 
shows the modes of disposal in use in the respective districts. 

Cost of Collection and Disposal. The Ministry's Report for 1933-
34 contains the foUowing tables, showing the average weight of 
refuse collected per thousand people in boroughs and districts, 
grouped according to population, for the year 1932-33, and the 
average net cost of collection and disposal per ton of refuse and 
per thousand people. 
BIBLIOGRAPHY. 
" Destructors and the Disposal of House Refuse," W. H. Maxwell. (Sanitary 

Publishing Co., London, 1898.) 
" Public Cleansing, being a Report of an Investigation into the Public 

Cleansing Service in the Administrative County of London," J. C. 
Dawes. (H.M. Stationery OfBce, 1929.) 

* These recommendations will be found on p. 410. 
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PROTECTION 

CHAPTER XLIII 

FLOODING 

WATEB. is a useful servant, but too much water, or water in the 
wrong place or out of control, is inconvenient and often dangerous. 
W e in England are singularly fortunate in our immunity from 

those stupendous catastrophes which afflict less favoured countries. 
W e read from time to time of earthquakes here, volcanic eruptions 
there, and blizzards and tornadoes elsewhere ; but in our own country 
Nature is usually well-behaved, and her wildest outbreaks here are 
restrained as compared with her excesses in other parts of the 
world. 
Floods. Many countries suifer periodically from floods. In China 

thousands of square miles are often submerged, and hundreds of 
thousands of her people drowned. In one river valley in Texas, 
U.S.A., some 750,000 acres of rich land are flooded nearly every 
year. The average annual loss through floods in this valley is 
estimated at over a million dollars. In the State of Texas alone 
damage to the value of more than 19 milhon dollars was sustained 
in 1921. 
In our own country inundations on so large a scale are happily 

unknown. One of the worst floods on record occurred at Norwich 
in August 1912. Rain commenced in the City area at 4 a.m. on 
August 26th. By 5.40 p.m. that afternoon 6.5 inches had fallen, and 
by 4 a.m. on the 27th 7-32 inches. At Ranworth, a few miles out, 
8-27 inches fell in twenty-four hours. 
The River Wensum runs through the centre of the City, and joins 

the Tare at its eastern boundary. The watershed area of the 
Wensum is 293 square miles, and that of the Yare 238 square miles. 
The average rainfall over the Wensum watershed was 4| inches in 
twenty-four hours, and over the Yare watershed 5J inches. 
The worst flooding occurred in the valley of the Wensum, in the 
non-tidal portion of which the river reached a height of 7 feet above 
its ordinary summer level. In the tidal section it rose to 11 feet 
8 inches above high water of ordinary spring tides. The flood 

423 
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reached its greatest height on the night of August 27th, and gradually 
subsided during the next forty-eight hours. 
The area flooded within the City was 750 acres, containing 3650 

houses and other buUdings, with a population of 15,300. 
The damage done by the flood was immense, but happUy only two 
lives were lost. 

O n this occasion 8-27 inches of rain fell in twenty-four hours : 
only fifteen records of rainfalls exceeding 6| inches in twenty-four 
hours are known in Great Britain. 
The greatest recorded fall in twenty-four hours (9-56 inches) 

occurred at Bruton, Somerset, on 28th June, 1917. At Beckenham, 
Kent, on 22nd July, 1934, at the end of the great drought, 4-55 
inches fell in 100 minutes. During short periods falls of much greater 
intensity have been recorded. At the K e w Observatory, on 18th 
July, 1934, one-fifth of an inch of rain fell in one minute. Generally 
speaking, the longer the duration of a storm the less will be the 
average intensity of the fall over the whole period. 

The question of flooding, with special reference to reservoir prac
tice, was recently investigated by a Committee appointed by the 
Council of the Institution of Civil Engineers. In addition to study
ing published records and researches on rainfaU and floods, they 
issued a questionnaire inviting information from engineers or 
authorities controUing catchment areas of about 1000 acres and 
upwards. In July, 1933, this Committee presented an Interim 
Report, which is noticed in Chapter X V (p. 150). 

O n the night of 6th-7th January, 1928, London experienced the 
highest flood of which there is any record in a period of over 250 
years. At the Tate Gallery, MUlbank, the waU against the river 
gave way under the pressure of the water. Much low-lying property 
between Vincent Square and the river was flooded. Bursts, with 
consequent flooding, also occurred at Hurhngham, and the river 
overflowed at several places elsewhere. In all fourteen people 
were drowned. 
This flood was due to a combination of causes :— 
(a) an exceptionally high tide, rising at Southend to 5 feet 1 inch 

above the predicted level. This tide was attributed by the Liverpool 
Tidal Institute, whioh investigated the flood, to a disturbance or 
surge, due to meteorological causes, set up in the northern part of 
the North Sea and propagated as a free wave down the east coast of 
Britain ; and (6) a large volume of flood water (9921 mUUon gaUons 
per day) coming down the river. 

Neither of these causes, acting alone, would have caused the 
flooding, which was due to their happening to occur together just 
at the time of high tide. 
In 1931 the Ministry of Health, in conjunction with the Ministry 

of Agriculture and Fisheries, appointed a Departmental Committee 
to consider the question of flooding in the vaUey of the Thames. 
This Committee, in July 1933, presented a report recommending 
that legislation be passed constituting a Joint Committee of not 
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more than fifteen members with instructions to determine for 
the whole of the tidal basin of the Thames what works of flood 
defence are necessary, the works so determined to be executed 
by the authorities constituting the Committee. 
In addition to the flooding which is due to natural causes, floods 

sometimes result from the bursting of reservoir dams. The failures 
of the Dale Dike dam, near Sheffield, and of the Johnstown 
dam, in Pennsylvania, have already been referred to (p. 151). 
Disasters such as these can be and should be prevented. Nearly 

all the floods, in this country at all events, which are due to 
natural causes are also preventable. It is the duty of the engineer 
to guard against such occurrences so far as is reasonably possible; 
but no community could afford the outlay which would be necessary 
to safeguard it against floods due to abnormal downpours whioh 
may not take place once in a hundred years. 
Even where floods cannot be altogether prevented, we can often 

choose where they shall occur. There is many a town situated 
in a vaUey below a wide stretch of meadow or pasture land. A 
flood in the town causes immense destruction and much distress, 
and possibly loss of Ufe. A flood in the vaUey does Uttle or no harm, 
and may even be beneficial. In such a case it would often be possible 
to throw a dam across the vaUey to impound on the land the water 
which would otherwise flood the town. Works of this nature, which 
can be carried out in instalments at any convenient time, might weU 
be considered as a means for the reUef of unemployment. 
Flood Prevention. There are three ways whereby flooding may 

be prevented—by improving the river channel; by raising banks to 
protect the low-lying land; and by impounding the head waters at 
times of heavy rain. 
It is sometimes possible, by dredging and widening the channel 

of a river, to increase its carrying capacity to such an extent that it 
wUl no longer overflow its banks. This course, although the most 
obvious, is not always practicable, for most rivers, especially 
during floods, bring down an enormous amount of gravel, sand, and 
silt, which is deposited in their lower reaches, raising the level of the 
bed. In flat countries the ordinary level of the water in the rivers 
is often above that of the adjoining ground. The bed of the River 
Po, in north Italy, is in many places actually above the level of the 
land through which it flows. 

In such a case, the flooding of the low land can only be prevented 
by means of high embankments, or levees, such as are met with on 
many rivers in this country, and for hundreds of mUes on the 
lower course of the Mississippi. These, while protecting the land 
behind them, confine the flow in the river, thereby raising its 
level and intensifying the flooding higher up. Embankments should 
therefore be placed well back from the banks of a river, so as not 
unduly to restrict the water-way in time of flood. 
Flooding can also be mitigated, if not altogether prevented, by 

impounding the winter floods at the head of a river. 
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In Texas two dams have been built on the west fork of the Trinity 
River, at a cost of $6,500,000, primarily for the purpose of preventing 
floods. The great reservoirs in our own country have been con
structed with another object in view, viz. water supply ; but there is 
probably no other class of engineering work which serves so many 
useful purposes. The impounding of the winter rains cannot fail 
to reduce both the frequency and the intensity of floods. The 
flooding in the valley of the Severn, for instance, has been noticeably 
less since the building of the Vyrnwy dam. Every water-mill in. a 
valley gains by the augmentation of the summer flow : the navigation 
and angling interests reap their share of the benefit. More water 
would also be available for irrigation if the farmers thought it worth 
their whUe to make use of it. Many a Sewage Committee, too, would 
find its task materially lightened' if it had a larger body of water 
into whioh to discharge its effluent. 

The question of flooding and flood prevention has for some years 
engaged the attention of the Ministry of Health. In their Annual 
Report for 1929-30, after describing some of the causes of flooding, 
they point out that 
" a complete permanent remedy at a practicable cost may not be 

attainable. Local remedies, however, such as well-retired flood 
banks and, especially, the maintenance of a sufficient channel, whioh 
involves the strict prohibition of obstructions, can bring about great 
improvements at reasonable cost." 

They instance three cases in which two or more County CouncUs 
or other Local Authorities, with the approval of the Minister of 
Health and the Minister of Agriculture and Fisheries, are combining 
to carry out works for the improvement of rivers and the prevention 
of floods. 
" The Surrey County Council, in combination with the riparian 

Local Authorities on the River Way, and with the assistance of a 
grant from the Unemployment (Jrants Committee, have decided to 
carry out, at an estimated cost of £240,000, a scheme to prevent 
the flooding to whioh the river has been subject, as a land drainage 
scheme under the Unemployment (Relief Works) Act, 1920. The 
works consist chiefly of widening and deepening the river-bed, 
making new cuts, the construction and repair of bridges and the 
provision of weirs. 
" In connection with this improvement, the Thames Conservancy, 

with financial assistance from the Middlesex and Surrey (bounty 
Councils and from the Unemployment Grants Committee, are about 
to execute a similar scheme for the Thames between Weybridge and 
Teddington. This scheme, whioh will be carried out by the Thames 
Conservancy under their special Parliamentary powers, is estunated 
to cost £300,000." 

A scheme, estimated to cost £14,000, has been prepared by the 
County CouncUs of Gloucester, Warwick, and Worcester for the 
improvement of the Warwick Avon between Pershore and Barford. 
A scheme has also been adopted by the WUtshire County CouncU, 
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in conjunction with the riparian Local Authorities, by which the 
Wiltshire Avon, for a considerable length in Wiltshire and a short 
distance in Somerset, will be dredged and cleared of obstructions at 
a cost of approximately £10,000. 

" Realising that many Local Authorities were entering upon or 
contemplating schemes of flood prevention, the Minister in February 
issued a memorandum of advice. The memorandum stresses the 
desirability in the preparation of flood prevention schemes, of ensuring 
that a river or stream shall so far as possible be considered as a whole, 
that the various riparian Authorities shall co-operate, and that 
a comprehensive scheme and estimate of cost shall be prepared by a 
competent adviser, the work to be proceeded with sectionaUy, if 
need be, as opportunity and means allow. It emphasises the need 
of carefully considering whether the advantages of remedial works 
are likely to justify the expenditure proposed, points out that it 
may be wholly unwise to prevent the flood-water reaching the low-
lying lands which act as natioral reservoirs, and suggests that Local 
Authorities should consider the exercise of any powers they possess 
for the prevention or control of development on lands liable to floods. 
" As regards the statutory provisions under which flood prevention 

works may proceed, the memorandum draws attention to two main 
provisions : 

" (1) The Public Health Act, 1925 (sections 54 and 55), empowers 
Urban Authorities (rural authorities may obtain the powers by 
Order of the Minister) to require riparian owners or occupiers to 
remove silt or obstructions from streams, and enables the authorities 
either to contribute a part of the expense or to carry out the work 
entirely at the cost of the rates. These powers are appropriate 
for comparatively limited and simple schemes. 

" (2) The Unemployment (Relief Works) Act, 1920 (sections 
3 and 5), enables two or more Local Authorities (including county 
councils) to combine for carrying out, with the approval of the 
Minister, schemes of flood prevention as works of land drainage 
for the relief of unemployment. These powers admit of the 
execution of larger schemes than those under the Public Health 
Act, 1925." 

An extensive scheme of river improvement from the point of view 
mainly of flood prevention was authorised by the River Lee (Flood 
ReHef, etc.) Act, 1930. This scheme is in effect a part of a scheme 
which was prepared under the River Lee Watershed (Flood Pre
vention) Act, 1920, which, owing to the heavy cost involved, was 
not proceeded with. The object of the earher scheme was to regulate 
and mitigate flooding : the later scheme provides also for the 
improvement of navigation. The total estimated cost of the 
scheme, including the purchase of land, was approximately £746,000, 
and it was expected to provide employment for some four or five 
hundred men for about four years. 
The exceptionally heavy rains in the latter part of May, 1932, 

resulted in extensive floods in various parts of England and Wales, 
particularly in the vaUey of the Don. The Ministry of Health, in 
their report for 1932-33, refer to these floods. They draw attention 
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to the difficulty which is often occasionediby building on an extensive 
scale on land whioh naturally, or on account of subsidence due to 
mining or other causes, is subject to flooding. 

" From time to time," they say, " demands are made for flood pre
vention works to protect developed or partially developed areas 
where the cost would involve a wholly unfair burden on the ratepayers, 
and where the Local Authority had had no power to prohibit or control 
the building which took place in those areas. The need has long been 
felt for measures empowering Local Authorities to control the de
velopment of land unsuitable for building pmrposes, and the judicious 
exercise by them of the powers now conferred by the Town and 
Country Planning Act, 1932, should do much in the future to prevent 
unwise building on lands liable to flooding." 

The Commissioner appointed under the Special Areas (Develop
ment and Improvement) Act of December, 1934, has launched a 
campaign to form Catchment Boards in the " Special Areas " for 
the purpose of preventing flooding. H e has circularised Local 
Authorities in Cumberland, Durham and South Wales to the effect 
that the Government are prepared to indicate grants of 60 per cent. 
towards the cost of works which the Catchment Boards wiU carry 
out. 

LAND DEAINAGB ACTS 
While catastrophic floods are happily rare in England, there 

are large areas of low-lying land in various parts of the country 
which are subject to chronic flooding, and some of these are under 
water for several months every winter. Flooding of this kind has 
gone on from time immemorial, and has usually been accepted as a 
matter of course, or at all events as one of merely local importance. 
With the restriction of food imports which occurred in the later 
years of the war, it became a matter of national concern. 

The Land Drainage Act of 1918 gave power to the Board of 
Agriculture and Fisheries to set up Drainage Boards in the various 
watersheds, charged with the duty of seeing that the rivers in 
their respective areas were capable of doing their work. The Board 
were empowered 
(a) To constitute any area a separate drainage district for the 

purposes of Part II of the Land Drainage Act, 1861, and to provide 
for the constitution of the Drainage Board for the district and the 
appointment or election of its members ; 

(6) To alter the boundaries of any drainage area ; 
(c) To define the hmits of any Commission of Sewers; 
{d) To confer on any Drainage Authority such additional powers 

of levying drainage rates or raising loans as m a y be necessary 
or expedient. 

The Board may transfer to the Council of the County or County 
Borough in which a drainage area is situated the powers, duties, 
properties, and obhgations of the Drainage Authority, and m a y make 
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any river, canal, or inland navigation, or the cuts, retervoirs, feeders, 
or other works belonging thereto, hable to the control of a Drainage 
Authority. Section 4 of the Act gives to Drainage Boards the 
power to levy drainage rates on the basis either of the acreage or of 
the annual value of the lands Uable to be rated, and provides for 
differential rating or for the total or partial exemption of lands, 
buUdings, raUways, canals, or inland navigations. 
Part II of the Act, which deals with cases which cannot be con

veniently dealt with under Part I, empowers the Board of Agriculture 
to carry out drainage works, the estimated cost of which shall not 
exceed £5 per acre of the lands to be improved, or £5000 in all, and 
to recover the cost from the owners of such lands. 
The Act was passed none too soon. It was stated by Mr. Konstam, 

who was in charge of the Land Drainage Division of the Food 
Production Department, at a meeting of the Surveyors' Institution 
held on 12th January, 1920, that " it is doubtful whether there is a 
single river in England which at the present moment is in a satis
factory condition for carrying away the water that should be drained 
off agricultural land." Rivers Boards, or " Commissions of Sewers," 
were not unknown: some of them had been in existence since the 
thirteenth century ; but these were the rare exception, and so far as 
the vast majority of our rivers were concerned, it was no one's 
business to look after them. 
In the absence of some controlling authority, there was Uttle hope 

of improvement, for an owner or occupier who kept his own section 
of a river clear got Uttle or no benefit from his work. The farmer 
above reaped the advantage, whUe he himself continued to suffer 
from the default of his neighbour downstream. The only prospect 
therefore of any improvement lay in joint action such as the Act 
of 1918 was designed to bring about. 
This Act was foUowed by the Land Drainage Acts of 1926 and 

1929, but these and a dozen or more previous Acts, two of them 
dating back to the reign of Henry VIII, were repealed by the Land 
Drainage Act, 1930. 
This Act amends and consohdates the enactments relating to 

the drainage of land, sets up forty-seven '' Catchment Areas," and 
defines the constitution, duties, and powers of the Boards who are 
to administer them. The Minister, of Agriculture and Fisheries is 
given power to form additional catchment areas or to aboUsh any 
of those set up under the Act, and to constitute any area which 
is not comprised in a catchment area a separate drainage district. 
Provision is made for levying rates on the owners and occupiers of 
land within the catchment area. A Drainage Board may, if, having 
regard to all the circumstances of the case, they think it just so to 
do, make and levy differential rates, or they may determine that no 
rates shall be levied on the occupiers of land which in their opinion, 
either by reason of its height above sea level or for any other reason, 
ought to be exempted from rating. 
Causes of Flooding. During the interval between m y return from 
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active service arid the resumption of my practice, I held a temporary 
appointment in the Land Drainage Division of the Food Production 
Department. In the course of nine months I inspected some fifty 
or sixty rivers, large and small, scattered over an area which extended 
from Cumberland to Cornwall and from Anglesey to Sussex. The 
results of m y survey were illuminating. One fact which speedily 
impressed itself on m e was that flooding was due to two distinct 
sets of causes^—[a) the flatness and general low level of the lands 
affected, and (6) the obstructed state of the waterways. 
Typical examples of flooding due to the first of these causes occur 

in the Fen country. Here undoubtedly the evils can only be 
remedied by means of works of great magnitude, demanding very 
careful design. 
But by far the greater part of the flooding and waterlogging 

which I saw—and most of m y work was done during the exceptionally 
wet winter of 1918-19.—-was due, not to any inherent inabiUty of 
the rivers to carry off the water whioh came into them, but to the 
neglected state of the channels, and to local obstructions, deliberate 
and otherwise, of every conceivable kind. Among the more fre
quent causes of flooding were :— 

(a) The raising of the bed of the river by accumulations of 
gravel, sand or m u d ; 

(b) The blockage of the channel with weeds, reeds or sedges ; 
(c) The constriction of the waterway by walls, or by "cesses" 

projecting from the banks ; 
[d) The contraction of the space above the ordinary water 

level by ingrowing trees and bushes ; 
(e) FaUen trees; 
(/) W e U s ; 
(g) Lack of room under bridges or faulty approaches thereto ; 
(h) Cattle fences. 

The effect of an obstruction is not confined to the space which it 
occupies. I saw an iron pipe across a little river on the outskirts 
of Birmingham—quite a smaU affair, 2 inches in diameter at the 
outside; but, with the tree branches and other misceUaneous 
debris which it had collected, it held up the river a full foot. 

Weirs and Bridges. There is a tendency to exaggerate the in
fluence of a weir in the causation of floods and to attach too Uttle 
importance to that of a bridge. In a low state of the river, it is 
true, a weir holds up the water to its own height, while the effect of a 
bridge may be nil. But as the river rises the case is reversed. In 
time of high flood, the water spreads wide over the valley; the weir 
is altogether submerged, and occupies but a small part of the greatly 
augmented waterway; and under such conditions it m a y cease to 
have much effect on the level of the water in the river. 

With a bridge, on the other hand, a rise in the water level brings 
little reUef. The whole flow has stUl to pass through the same 
narrow opening, and the river is held up to a very serious extent. 
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One of the highest floods which have occurred on the River Exe for 
many years took place at midnight of November 12-13, 1894. I 
personally noted the height reached by the water in a length of four 
mUes, extending through the city of Exeter from the Red Cow Bridge 
down to the junction of the Alphin Brook, and plotted them on a 
section which is now in the office of the City Engineer. A noteworthy 
featui'e of this flood was the amount of fall (about 21 inches) lost in 
passing through the arches of the old Exe bridge. This bridge has 
now been replaced by a single span of steel, and the river is not held 
up by it during floods to anything like the same extent as before. 

One frequently hears the cross-sectional area of the waterway 
under a bridge or through a culvert quoted in all seriousness as the 
measure of its carrying capacity. Area is, of course, an important 
factor in the case. But it is by no means the only factor, and the 
form of the approaches to the bridge is an element of even greater 
importance. 

Carrying capacity is the product of area and velocity, and if the 
velocity can be increased to compensate for the deflciency in area, 
the fiow wUl pass under the bridge as freely as through any other 
part of the channel, provided—and this is the heart of the matter—• 
that the approaches are so formed as to restore to the water leaving 
the bridge the head which was expended to generate the extra 
velocity. The Venturi meter is an extreme case of velocity looaUy 
augmented without a corresponding loss of head. It is, of course, 
essential that the foundations of the bridge be protected against scour. 

Lack of area under a bridge is often blamed for obstruction which 
is reaUy caused by the improper shape of the approaches. Thus 
complaint was made of " the congestion of flood-water " at a certain 
bridge on the River Wey, such congestion being attributed to the 
narrowness of the waterway. O n inspecting the bridge, I found 
that the stream, instead of pursuing an orderly course under it, 
impinged almost at right angles on the end of the right abutment, 
which deflected the current across the opening, seriously interfering 
with the water whioh was struggling to pass through it on the left. 
There is Uttle doubt that the effective cross-sectional area under this 
bridge was thus reduced to something Uke one-half what it would 
otherwise have been. 
In the case referred to, the cause of the trouble was clear, but there 

are others in which it is not so apparent. A " cess," or projection 
from either bank above a bridge, innocent enough to aU appearance, 
m a y so deflect the stream across the channel as altogether to upset 
its even flow. Not infrequently one finds a weU-designed bridge, 
the usefulness of which is sadly impaired by lack of attention to its 
approaches. A Uttle money judiciously spent on these would often 
be productive of very great benefit. 

It would not be fair to dwell on the harm which is done by flooding 
without also recognising that the rich marshes in many of our river 
vaUeys owe their f ertUity to the m u d which has been deposited on 
them by a long succession of floods. Even these, however, are none 
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the better for being submerged for months at a time or for being kept 
during the rest of the year in a state of constant saturation. 
WhUe, as already stated, much of the flooding which now takes 

place can be prevented only by the execution of large arid expensive 
works, the condition of many, probably most, of our rivers can be 
greatly improved by the humdrum work of keeping the channels 
clear, which can readUy be done at small cost by the owners or 
occupiers concerned. 



CHAPTER XLIV 

LAND DRAINAGE 

THE mischief which results from a neglected waterway does not 
end with the actual flooding to which it gives rise, for the harm done 
by waterlogging is hardly less serious. There are millions of acres 
of land in this country in which, for lack of proper drainage, the 
level of the subsoil water is rarely or never much below the surface 
of the ground. N o air consequently can get into the subsoU ; the 
ground is always sour, and the roots of plants cannot strike into it 
in search of nutriment. Such land moreover is usuaUy too soft to 
be cultivated. The same conditions are met with on a stiff clay, 
not necessarUy in this case for lack of arterial drainage, but simply 
because the subsoU is so impervious that water cannot pass through 
it. In either ease the ground must be underdrained. 

Damp and Disease. Although land drainage is oftener carried 
out in the interests of agriculture than in those of hygiene, it has 
nevertheless a very definite bearing on health. 

Wet ground is notoriously unhealthy to Uve on. According to 
Parkes' " Hygiene," 

" a moist soU is cold, and is generaUy believed to predispose to 
rheumatism, catarrh, and neuralgia. It is a matter of general ex
perience that most persons feel healthier on a dry soil. In some way 
which is not clear, a moist soU produces an unfavourable effect on the 
lungs : at least in a munber of English towns whioh have been sewered, 
and in which the ground has been rendered much drier, Buchan has 
shown that there has been a diminution in the number of deaths from 
phthisis." 
Ague, too, and malaria are rUe on damp ground. Certain low-

lying areas in this country had formerly a sinister reputation Ui this 
respect. Defoe records that some parts of Essex were deadly to 
strangers, though the resident population was more or less immune. 
The occupiers of farms in the lowlands were in the habit of taking 
their wives from the higher ground. The latter quickly succumbed 
to the malarial chmate, and he mentions the case of one worthy 
farmer who married no fewer than thirty-five wives. 

The extensive coastal district at the mouth of the Tiber, known 
as the " Campagna," has always been notorious for malaria, and 
simUar areas are found all over the world. Among these was the 
Isthmus of Panama. 

Panama Canal. In 1875 Ferdinand de Lesseps, fresh from his 
triumph at Suez, inaugurated a scheme for cutting a ship canal 
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across the Isthmus of Panama. Against the advice of the majority 
of the engineers and contractors w h o m he consulted, he decided that 
it should be at sea level. A company was formed, and work was 
begun in 1880 ; only to be suspended two years later. It was 
resumed soon after, and, after various vicissitudes, was finaUy 
abandoned as hopeless. 

In 1902 the undertaking was transferred to the United States 
Government, who had fresh surveys prepared, and finally decided 
on constructing a canal with locks. Work was begun in 1904 and 
actively pushed forward. The first vessel passed through the 
canal on 15th August, 1914. 

Malaria and YeUow Fever. The engineering difficulties which were 
encountered in the construction of the canal were great, and de 
Lesseps had grossly underestimated them. But even more for
midable than these was the deadly character of the climate. Malaria 
and yellow fever were rampant, and the labourers died Uke fUes. 
The first thing which had to be done was' to make the Isthmus safe 
to live in. This the French had failed to do, but the United States 
Government, profiting by their experience, set on foot an energetic 
sanitary campaign. Yellow fever has been banished, the prevalence 
of malaria has been enormously reduced, and the Panama Canal 
Zone is now a safe and pleasant place to Uve in. 

The practical abohtion of these two devastating diseases was only 
rendered possible by the discovery that they are both disseminated 
by mosquitoes. The actual culprit in the case of malaria is a 
protozoon, or minute animal parasite, which is conveyed from the 
patient to the healthy person by the anopheles mosquito. It was 
suggested as long ago as 1848 that the mosquito had some con
nection with malaria, but it was not until 1880 that the organism 
which produced the disease was discovered by Laveran, and it was 
only in 1895 that Ross, of the Indian Medical Service, working on 
lines suggested by Manson the year before, definitely estabUshed the 
conveyance of the organism by a mosquito. 
The anopheles breeds in stagnant water. The first task of the 

Americans therefore was to drain every pool in the Canal Zone. 
Where this could not be done the surface of the water was covered 
with oU. The provision of breeding places for mosquitoes is pro
hibited under the severest penalties. Rain-gutters are not allowed. 
-The eaves of the roof project 2 or 3 feet beyond the walls, and con
crete ledges are formed around their bases to catch the drip. And 
whenit rains in the Canal Zone (and it does so nearly every afternoon), 
it rains in earnest. 

The precise cause of yellow fever is still in dispute, but the 
balance of present-day opinion is that it is due to a virus. This 
virus is transmitted by the bite of a mosquito, A'edes aegypti, which, 
unlike anopheles, is a domesticated creature. It frequents the 
household cistern. 
Yellow fever is endemic in certain districts. It is also an epidemic 

disease; and periods of comparative immunity are followed by 
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devastating outbreaks. In 1848 half the population of Guayaquil, 
the port of Ecuador, was carried off by yellow fever. Since 1919, so 
far as is known, there has not been a case of it. This marvellous 
transformation has been brought about by the simplest of means. 
Open cisterns are prohibited. Every cistern must have a tight-
fitting cover, and these covers must be sealed. The seals are 
inspected from time to time by officers of the Health Department. 

The banishment of yeUow fever from Guayaquil is one of the 
achievements of the Rockefeller Foundation. 
In our own country, fortunately, yeUow fever is unknown, and 

malaria is not the deadly menace which it is in the tropics, but we 
are not without our low-lying marshy areas. These serve as breeding 
grounds for mosquitoes; and if there is a malarial patient within 
reach they will spread the infection. The drainage of such areas 
is therefore a definitely sanitary work. 

UNDEEDEAINAGB 

The object of underdrainage is not to carry off surface water, 
but to lower the level of the water in the ground, and thereby to 
permit the air to reach the subsoU and improve the texture of the 
soU. Land drainage also plays an important part in the prevention 
of floods. W h e n heavy and long-continued rain falls on undrained 
and saturated ground, it runs off as fast as it falls, for there is nowhere 
else for it to go. If, however, the land is drained, it absorbs most 
of the rain as it falls, and the water accumulates in the ground untU 
the drains can carry it off. Four feet of weU-drained porous ground 
wUl store not less than 12 inches of rain, or more than usually falls 
in the wettest parts of the country in a month. 

The need for underdrainage is greatest with clays and heavy 
loams and in districts with heavy rainfaUs. Open sands and gravels 
do not as a rule require underdrainage, for they can drain them
selves, but when the level of the water in the adjoining stream is too 
high to permit them to do so, it m a y be necessary to lay drains to 
carry the subsoU water down to an outfall at a lower level. 
Various materials, such for instance as brushwood and broken 

stone, have been used for underdrains, but pipes are usually 
preferred. 

Brush Drainage. The Board of Agriculture and Fisheries, in their 
Food Production Leaflet No. 62, issued in 1919, refer to faggot or 
brush drainage as an ancient practice, stUl in use in several looaUties, 
particularly in the Eastern Counties. In view of the shortage of 
drain pipes then existing, they felt 

" that the practice might be extended, especially in connection 
with mole drainage on heavy clay soils. Faggot drains may be 
expected to last as long as the mole drains which they serve. 
" The object aimed at in the construction of a brush drain is to 

secure an underground passage for water. This object is gained by 
laying brushwood and other material in the bottom of a trench in 
such a way as to support the covering soil without either itself 
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impeding the flow or allowing the soU to drop through and choke the 
drain. Later, when the brushwood rots, the passage becomes 
clearer. 
" Care is necessary at each stage of the work. 
" The trench should be dug with steeply sloping sides and narrowed 

to a width of not more than 3 inches at the bottom. Used as a feeder, 
it should not be more than 27 inches in depth." 

The wood should be used green, and should be placed in the 
trench with the bushy ends on the top, pointing away from the outfaU. 

Mole Drainage. Where the subsoil is a stiff clay, pipes are some
times dispensed with, and the drains consist merely of holes bored 
through the ground by a buUet-shaped tool which is fixed to the 
bottom of a knife-edged coulter and drawn across the field by a 
powerful tractor, or by a cable worked by a fixed engine. The 
drains, which are usually 3 J inches in diameter, are about 2 feet 
deep and 5 yards apart in medium clay soUs, and from 18 to 20 
inciies deep and about 3 yards apart in very heavy land. The 
lengths of the branches should not exceed 220 yards. The main 
drains may be formed in the same way, and m a y be up to 6 inches 
in diameter ; but piped mains are more satisfactory. 

At the Leeds and Bradford Joint Municipal Aerodrome 9-6 acres 
of clay land were recently underdrained by 3-inch mole drains, 
2 feet deep and 15 feet apart, at a cost, exclusive of the main 
drains, of £4 7s. per acre. 
Money for carrying out mole drainage and for other agricultural 

imp'rovements is advanced by the Lands Improvement Company 
and the Agricultural Mortgage Corporation. The Ministry of 
Agriculture and Fisheries issue an " Advisory Leaflet" (No. 12) 
giving directions for mole drainage. Mole drains, while less expensive 
than pipe drains, are not so permanent. The latter, provided that 
they are properly laid, and the outfalls are kept clear, should last 
a Ufetime. 

French Drains. French drains are formed by digging trenches 
and filling the lower parts of them with large stones. These are 
usuaUy thrown at random into the trench, but they are sometimes 
so arranged as to form a rough tunnel or passage. 
Pipe Drainage. Horseshoe tUes of ordinary brick-earth were 

formerly largely used for land drainage, but they have long since 
given place to circular pipes of the same material. Porous and per
forated pipes have been suggested, but neither porosity nor perfora
tion serves any useful purpose, for water can get into an ordinary 
land drain quite freely through the joints. 

The sizes of the pipes and their depth and distance apart wUl 
depend on the nature of the subsoil. In stiff clays 2-inoh pipes 
may be laid at a depth of 3 feet and in Unes 20 feet apart, whUe in 
a gravelly subsoil 2^ or 3-inch pipes will be required at a depth of 5 
or 6 feet and at distances apart ranging up to 80 or 100 feet. Larger 
pipes should of course be used for the mains. 

The branch drains should have a fall of not less than 1 in 
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500. If, as they should, they foUow the slope of the ground, steeper 
gradients will usually be obtainable. For the mains less fall will 
suffice, and in some cases they may have to be laid at almost a dead 
level in order to get the necessary depth for the branches. 

The bottoms of the trenches should not be cut fiat, as in the 
case of sewers, but should be formed with a narrow round-pointed 
tool to the size and shape of the pipes, which should then be lowered 
into place with a pipe-hook and butted tight together. The pipes 
are generally covered with inverted sods, or a Uttle grass or similar 
material, and the trenches are then filled and well rammed. Care 
must be taken to keep the soU and the subsoil separate, and to return 
them in their proper order. The trenches should on no account be 
fflled with ballast or other loose material, for the object of a land 
drain is not to serve as an underground carrier for surface water, but 
to drain the subsoU. 

The orthodox way to make a junction is to cut the end of the 
branch pipe to the proper angle and chip a hole in the main, the 
junction being weU packed round with pieces of broken pipe, but if 
an experienced pipe-layer is not employed it will be safer to use an 
ordinary junction pipe. 

Manholes. Manholes should be placed at the junctions of mains 
with one another. They are generally built of open-jointed brick
work, half a brick thick, about 3 feet in diameter inside, and domed 
in at the top to receive a flat circular cover. The bottom of the 
manhole should be 18 inches or more below that of the outgoing 
pipe, depending on the nature of the ground. N o floor is required, 
but a course of headers should be laid on the ground to carry the 
waU. The manhole should be surrounded with well-puddled clay, 
and the top should be somewhat above the level of the adjoining 
ground, to keep out surface water. 
Where the mains are laid at flat gradients, or the ground contains 

much iron or fine sand, provision should be made for flushing them. 
Water for the purpose may sometimes be obtained from a stream at 
the head of the main. FaUing this, a flap-valve should be placed in 
a manhole near the outfall, by closing which the whole system m a y 
be fflled with water from the ground. In this case an overflow 
pipe should be provided, in case the valve should inadvertently be 
left closed. 

A short length of iron pipe may be placed at the outfall, which should 
be bricked up and fitted with a hinged grating to keep out vermin. 

Roots. The worst enemies of land drains are roots, especiaUy 
those of water-loving trees such as withies and alders. Elm trees, 
too, are particularly obnoxious. W h e n laying the new main sewer 
from Osborne House (Isle of Wight), I found a festoon of elm roots 
trailing far down the old brick sewer. Oaks are less dangerous. 
Where a drain crosses a hedge, or passes near a tree which cannot be 
cut down, socket pipes with cemented joints should be used. The 
joints must be made with the greatest care, for if there is so much as 
a pin-hole in them, a fine rootlet will thread its way into it, eventuaUy 
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growing into a dense mass of roots, which wiU completely block the 
pipe. Where it is desired to preserve a tree near the line of a dram, 
a " false " or " blind " drain may be dug round it to cut off the roots, 
but the protection thus afforded is merely temporary. 

Drainage of Playing-Fields and Airports. Where land is used 
merely for agricultural or pastoral purposes aU that is usuaUy neces
sary is to prevent the stagnation of the subsoU water and the 
prolonged accumulation of water on the surface. 

In the case of a playing-field or airport more is required, for its 
surface must always be kept firm and dry. To bring this about 
two requirements must be met. The soU must be so open in texture 
that it wiU absorb immediately the greatest quantity of rain which 
m a y faU on it, and there must be a sufficient depth of dry subsoU 
to accommodate the rain untU it can be carried off by the drains. 
The difficulty of draining the landing-ground of an airport is in
creased by the fact that in order to give the necessary length of 
run for arriving or departing aeroplanes, the ground m a y extend 
for a haU or three-quarters of a nule in every direction, and that 
within its area no open channels or other breaks in the surface can 
be permitted. The surface moreover must nowhere have a slope 
steeper than about one in fiity. 
If the soil is not permeable, the trenches for the underdrains 

wiU have to be fiUed to near the surface with broken stone or other 
loose material, so that surface water m a y make its way freely to 
the pipes. 

Manholes wiU be required at the junctions of the principal drains, 
but their covers must be so arranged as not to be a danger to landing 
aeroplanes. They must be strong enough to carry a moving load 
of ten or fifteen tons. 
A landing-ground cannot be classed as safe until it has stood the 

test of heavy rain continued over a long period. A week's rain, 
however heavy, does not afford a sufficient test. A new landing 
ground was brought into use at the end of August, 1934. During 
the six previous weeks nearly six inches of rain had faUen, in spite 
of which the surface remained firm and dry. During the next two 
or three months, however, rain continued to faU, and, although 
little more rain feU in any one month than had faUen in August, 
the ground became so badly waterlogged as to be unusable. 

For the purpose of ascertaining the level of the water in the 
ground, I had a number of vertical 6-inch stoneware pipes sunk 
into it at selected points. These showed that in many places the 
water was never more than about a foot below the surface. When
ever rain feU the water quickly rose in the pipes, and after it had 
ceased the level feU almost as rapidly. The level of the subsoU 
water has now been permanently lowered by underdrainage. 

Cost of Drainage. The cost of all kinds of work is higher since 
the War than it was before, but that of land drainage has risen to a 
greater extent than any other. During the 'seventies, thousands 
of acres of land were drained every year at a cost of £6 or £7 per 



LAND DRAINAGE 439 

acre. The trenches were cut and fflled by " drainers," who made 
good wages at a piece-work rate of from lOd. to 2s. Qd. per rod 
(5J yards), according to the depth of the drain and the nature of the 
ground. To-day, for various reasons, land drainage is rarely a paying 
proposition, and the race of land-drainers is all but extinct. Their 
work has accordingly to be done by others, with none of their 
acquired skUl, less efficiently, and at far greater expense. Some 
underdrainage which I carried out (that of the playing field of an 
industrial school), immediately before the War, cost £40 per acre. 
In a case reported in The Surveyor, the tenders received for under-
drauiing an irrigation area of 16 acres ranged from £294 to £348 
per acre, while the estimated cost of carrying out the work by direct 
labour was £140 per acre. 



CHAPTER XLV 

COAST PROTECTION 

Erosion. The coastline of this country is exposed to the incessant 
attack of the sea. In some places the land is holding its own, or 
even gaining on the sea. In others it is graduaUy wasting away. 
In Norfolk and Suffolk whole parishes and townships have disap
peared : at Cromer the sea is beUeved to have encroached two mUes 
on the land since the time of the Romans. A little churchyard near 
Overstrand is fast slipping into the sea. Distressing accounts ap
pear every few months of further faUs of cUff at Pakefield. A n 
alarming landsUde took place recently at Blackgang Chine in the 
Isle of Wight. Between Cromer and Happisburgh the coast is 
steadUy receding at a rate estimated at two yards per annum. 

The subject of coast erosion is far too large to be dealt with at 
length in such a handbook as this ; but there are certain aspects of it 
which might be briefiy touched on. 

The bombardment to which the face of a cUff is subjected during a 
gale is terrific, but the palaeozoic rooks of Devon and CornwaU 
stand fast. The softer rocks of the southern and eastern coasts are 
more readUy eroded, but even here the wastage caused by the sea is 
often trifling by comparison with that which results from the 
geological structure of the land. On many parts of the coast the 
cUffs consist of alternate strata of gravel or sand, and clay, and 
where, as often happens, these dip towards the sea, the upper surfaces 
of the clay are lubricated by the land water running over them, and 
sooner or later the cUff shdes down into the sea. 

Landslips. A noteworthy landsUp due to this cause occurred at 
Axmouth, on the South Devon coast, on Christmas day, 1839, when 
45 acres of flne arable land slipped down on to the foreshore, leaving 
a chasm 300 feet in breadth, 150 feet deep, and three-quarters of a 
mUe in length. 

Where such conditions exist they are a cause of grave anxiety to 
those who are responsible for the maintenance of the coast. Land
slips can sometimes be prevented by draining the surfaces of the 
clay, but such work is usuaUy very expensive. 

Dredging. Much damage is often occasioned by the removal of 
ballast from the foreshore or from banks exposed at low water. 
Toward the end of the last century the contractors who were con
structing the Keyham docks, at Devonport, dredged some 650,000 
tons of shingle from the foreshore and sea-bed of Start Bay, in 
South Devon. Dredging commenced in April 1897, and was carried 
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on for four years. In 1902 there began an alarming series of sub
sidences in the adjoining vUlage of HaUsands. Sea walls collapsed, 
several houses were wrecked, and a road was washed away. This 
damage was undoubtedly caused by the dredging. 

Serious erosion is'sometimes caused by the erection of buUdings 
on the foreshore. Anything which interferes, however sUghtly, 
with the free play of the currents is Uable to set up eddies which 
may cut deep into the beach. 
A Local Authority not infrequently desire to place a pier or a 

bathing shelter on the sea-front. N o such structure should ever 
be erected without the most careful consideration of the effect which 
it may produce on the beach. 
The foreshores of the United Kingdom are'under the control of the 

Board of Trade, who will always consider any complaint with regard 
to them. Where it can be shown that the removal of sand or shingle 
is Ukely to result in damage, they will make an order prohibiting 
such removal. N o work may be carried out on any foreshore 
without the consent of the Board. 
Coast Protection Bill. This BUI, which was introduced in the 

House of Commons in 1929, was designed to make further and better 
provision for the protection of the coast of Great Britain against 
erosion. It proposed to transfer to the Board of Trade all rights 
and interests in the foreshore which belong to the King, and to give 
further powers to the Board for preventing erosion. It provided 
also for the formation of local Coast Protection Authorities. The 
BUI was read a second time, but did not reach its third reading. 

Gain ol Land from the Sea. The sea is not always a destroyer. 
In many places, it is true, it is eating away the land, but in others 
it is buildmg it up. The most remarkable instance of its activities 
in this direction is Romney Marsh, at the southern corner of Kent, 
where what was formerly a shaUow bay bounded by cliffs has been 
converted into a wide expanse of excellent grazing land. Romney 
Marsh measures some 20 miles from south-west to north-east and 
about 10 mUes in greatest width ; and Dungeness, its saUent point, 
is pushing out to sea at the rate of a yard and a half per annum. 
The wind, too, plays an important part in buUding up the land. 

Wherever a wide sandy beach is exposed at low tide, the wind 
sweeping over it picks up the particles of sand and carries them far 
inshore. Extensive sandhUls, or " dunes," are formed in this way. 
The coast of Gascony is bordered with dunes for a length of 100 
mUes. O n the east coast of Scotland the sandhiUs attain a width 
ranging up to 3 miles, and in parts of HoUand as much as 5 mUes. 
The sand is often carried to a considerable height. The coast of 
Norfolk is fringed with sandhUls 50 or 60 feet high, and some of the 
Dutch dunes reach a height of 260 feet. 
The invasion of the land by blown sand is sometimes attended by 

untoward results. FertUe land is covered by the sand, and whole 
parishes and viUages have been buried. Such encroachments may 
be checked by encouraging the growth of suitable vegetation, such 
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for instance as marram grass, heather, gorse, and tamarisk. These 
plants hold the sand and prevent it from drifting further. 

Protective Works. Although the prevention of coast erosion can 
hardly be classed as a sanitary work, many a Local Surveyor 
sometimes finds himself faced with the duty of protecting the 
shore of his district. The obvious way to check erosion is b}^ the 
construction of a sea wall, but, as was pointed out by many of the 
witnesses who gave evidence before the Royal Commission on Coast 
Erosion, sea walls are of very Umited utility. They are useful in 
seaside towns as promenades, but they are far too costly for general 
use for the purpose of coast protection. A sea wall, moreover, is 
very apt to be undermined. Unless it is properly constructed, the 
waves, as they recoU from its face, cut out the beach at its foot. 
It thus digs its own grave. 
Groynes. The constructive activities of the sea m a y be turned to 

useful account by means of groynes. A groyne is a barrier con
structed on the foreshore, at right angles or nearly so to high-water 
mark, with the twofold object of checking erosion and intercepting 
the sand and shingle which are carried along the shore by the 
currents. 

Groynes are built of varying forms and many kinds of material. 
O n the front of a seaside town one often finds massive stone groynes 
carried up many feet above the beach. Such groynes are very 
expensive, costing from a few hundred to four or five thousand 
pounds apiece. Although they accumulate large quantities of 
shingle on one side, little or none can pass to the other. The 
interception of beach material by such groynes is a frequent and 
weU-grounded cause of complaint. 

With a view to overcoming this drawback, the late Edward 
Case introduced the groyne which is known by his name. The Case 
grojTie consists of planks placed on edge between wooden supports 
and carried up not more than 18 inches or 2 feet above the level of 
the beach. As soon as the latter has made up to the top of the 
groyne, more planks are added, until the beach has been buUt up 
to the height desired. These groynes are inexpensive, and very 
effective. They have been used with great success at Frinton-on-
Sea and elsewhere. 

In 1901-2 several groynes were erected at West Wittering, Sussex, 
where serious erosion had been going on for at least sixty years. 
As soon as they were built, sand and shingle began to coUect against 
them, and in the course of the next twenty years eight acres of land 
had been gained in the length of a mUe. 

While there is a very general agreement as to the value of groynes, 
opinions differ as to the best type of groyne to adopt, and with regard 
to their height, length, and distance apart and the angle whioh they 
should make with the shore. The Royal Commission on Coast 
Erosion, m their Third (and Final) Report, express the opinion 
that the best and most effective groynes are those which produce 
the least difference in beach level on their windward and leeward 
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sides. The general trend of the evidence which they received 
was in favour of carrying the groynes from the wall, bank, or shore 
to near low-water mark, and placing them at a distance apart equal 
to their length. 
There was considerable difference of opinion as to the angle 

at which groynes should be placed with the shore, many of the 
witnesses being in favour of inchning them sUghtly to windward. 
The Commissioners remark that, whUe no general rule can be laid 
down on this point, it would appear that a direction at right angles 
to the shore, or in some cases slightly to windward, would prove on 
the whole to be most effectual. 
It is sometimes said that even a low groyne, by intercepting 

beach material, robs the shore to the leeward. This complaint is 
based on a grossly exaggerated idea of the efficiency of a grojme. 
A low groyne can intercept only a very small proportion of the sand 
and shmgle which pass along the shore, 90 or 95 per cent, of which, 
and often 99 per cent., is carried past it by the currents. 
A case with which I had to deal in Hayhng Island, Hampshire, 

presented some interesting features. In 1918 the Trustees of Lord 
Mayor Treloar Cripples' Hospital purchased the Sandy Point 
Estate, at the south-east corner of the island, as a seaside annexe to 
their hospital at Alton. The estate comprises some 58 acres, the 
greater part of which is 3 or 4 feet below high-water level of spring 
tides, and is preserved from flooding only by a thin ridge of shingle. 
In 1923 serious scour was taking place on the southern front of 

the estate, where the ridge was cut down to such an extent that the 
waves washed over it on to the low ground behind. The worst 
erosion occurred at the south-east corner, which was cut back some 
ninety feet in six years. The eastern front was almost everywhere 
holding its own, but near Sandy Point House, where a hospital 
pavUion had been built on the ridge, the shore had been cut back to 
an alarming extent, The pavUion was in danger of being under
mined, and one of the massive concrete blocks (weighing 4 or 5 
tons) whioh carried the platform in front of it had been washed 
out of place. 
The only practicable remedy was the erection of groynes of the 

Case type, but the conditions were anything but favourable. The 
foreshore was mostly shingle, and engineering witnesses of wide 
experience had stated emphaticaUy before the Royal Commission 
that low groynes were utterly ineffective for the protection of a 
shingle bank. Case groynes were also said to be useless where the 
slope of the foreshore was as steep as one in ten. The slope in front 
of the pavUion was one in eight, and at the foot of it ran the swift 
currents into and out of Chichester Harbour in a chaimel 60 feet or 
more in depth. There was, however, nothing else to be done, so 
I put in three groynes, one at the north end of the paviUon, one at 
the south-east comer of the estate, and one at the south-west corner. 
Six others were added later. 
The original groynes were modeUed on the Case groynes at 



444 FLOOD PREVENTION, LAND DRAINAGE, ETC. 

Eastbourne, but, in view of the exposed situation of the front, I 
sank the posts 4 feet in the beach instead of 2 feet. The posts, which 
were of pitch pine, 6 inches square and 8 feet long, were 8 feet apart. 
They were set in concrete blocks, 2J feet square by 2J feet deep, and 
were placed in two paraUel lines, 9 inches apart centre to centre, so 
that alternate posts came on opposite sides of the planks. The 
groynes were formed at first with three planks, the lowest of which 
was sunk in the ground, others being added to keep pace with the 
rise in the beach. They were fixed to the posts by f-inch coach 
screws. The planks were 16 feet long and broke joint on alternate 
posts. A wave screen of simUar construction was formed along the 
threatened part of the ridge. 

The effect of the groynes was immediate and decisive. The 
erosion whioh had been taking place along the south front was every
where checked, and a wide stretch of beach was formed. The most 
notable gain, however, took place at the pavUion, along the whole 
length of which a substantial bank of shingle was built up. The 
beach here has been raised more than 9 feet, while the highwater 
line has been pushed out about 60 feet. At the south-east comer of 
the estate, where the erosion had been proceeding most rapidly, the 
lower part of the beach has been raised 7|- feet and the highwater 
Une has been advanced more than 70 feet seaward. The sections in 
Fig. 81 show the loss of land which had taken place immediately 
before the groynes were put in hand and the gains which have since 
been made. 

It was not altogether plain sailing, for the sea attacks suddenly 
and with great violence, and erosion often takes place very rapidly. 
The foreshore has sometimes been cut down as much as 7 feet 
in the course of 5 weeks. Parts of Groyne No. 2 were carried 
away more than once by storms while the work was in hand. 
This groyne, curiously enough, has been one of the most successful, 
and the greater part of it has been buried deep in the beach for the 
last three years. Groyne No. 3 has also had a very rough time. 
Situated as it is at the saUent, it is particularly exposed to the 
attack of the waves, and it was once or twice cut through at about 
highwater mark. The losses have now been more than made good, 
and the gains of beach at the foot of the groyne have admitted of 
successive extensions to a total length of 323 feet. 

Experience with these groynes has led to a departure from Case's 
original plan. On this exposed section of coast a depth of 4 feet is 
not always sufficient for the posts, and instead of setting them in 
concrete, I a m now using round beech trunks, pointed and shod, and 
driven by a pUe-driver to a depth of 8 feet at the lower ends of the 
groynes and 6 feet in the rest of their length. 

The effect of the gro3rnes is not confined to the foreshore, for, 
by raising and widening it, they break the force of the waves 
before they reach the shore. The onshore winds, moreover, as they 
sweep over the foreshore, pick up the sand and carry it to the upper 
part of the beach. A great part of the wave screen is now buried 
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in blown sand, which is caught and held fast by luxuriant growths 
of grass. The part which is played by vegetation in fixing wind
blown sand, and so buUding up a barrier against the waves, was 
described by several of the witnesses who gave evidence before the 
Royal Commission. 
Groynes require careful watching, for the sea is a pitUess and tire

less enemy. The scour of the beach wiU often leave several planks 
exposed, thereby endangering the grojoie, in which case aU but the 
lowest planks should be removed. A groyne may even be under
mined, and when this happens planks should at once be placed under 
it. On the other hand, every opportunity should be taken to add 
new planks to keep pace with the rise of the beach. Abundant 
evidence was laid before the Royal Commission of the consequences 
of neglect, and I came across some sad instances of it in the course of 
my inspections for the Board of Agriculture. 
The success of the Sandy Point groynes has undoubtedly been 

due in no small measure to the vigilance with whioh the Trustees 
have looked after them. 
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Asbestos-cement pipes, 177, 183 
Ashokan reservoir, 146 
Ashpits, 391, 394 
Association of Consulting Engineers, 

25, 31, 43, 47 
of Managers of Sewage Disposal 

Works, 270. See also Institute 
of Sewage Purification. 
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Associations, 31 
Atlas rotary driers, 374 
Atmosphere, pressure of, 71, 92, 

158 
AustraUa, 101 
Automatic apparatus for contact 

beds, 320 
AuxUiary works, 48 
Avon, Warwickshire, 427 

WUtshire, 426 
Axmouth landslip, 440 

Bacilli, 65 
B. coli, 66, 68, 275 

a danger signal, 66 
Backyards, rain-water from, 209 
Bacteria beds, 317. iSeeaZso Filters. 
Bacteria in sewage, 240, 257, 275, 

279, 333 
in water, 65, 68, 119, 126, 128 
See also Aerobes, Anaerobes and 

Pathogens. 
Bacteriological quaUties of effluents, 

368 
Baffles, 293, 294 
in aeration tanks, 340, 341 

Bagshot Sands, 102, 104 
Balancing tanks, 145, 152 
BaU hydrant, 181 
Baltimore, 367, 373 
Barking, Northern OutfaU Works, 

293, 319, 340, 345 
Barn Ehns, 124 
Barnes, 21 
Barometer, 71 
Barrhead sewage works, 286, 308 
Bartley reservoir, 147, 152 
Basalt, 104, 318 
Base-exchange softening process, 131 
Bateman and Moore's ball hydi-aut, 

181 
Bath, 106, 173, 300, 366 
Bathing beaches, 275 
Baths, 136 

and Washhouses Acts, 19 
Beccari process, 411 
Beckenham, Kent, rainfall, 424 
Bedford, 117 
Beet sugar wastes, 383 
Belfast Loiigh, 276 
BeU's softening process, 131 
Bench marks, 46 
Bends in pipes, 93 
Benzol, 167 
Berkefeld filters, 122 
BerUn, 138, 278, 281 
Biggleswade, 109 
BUls of Quantities, 47 
Bio-aeration, 339, 340 
Biochemical oxygen demand, 61 
Bio-flocculation, 340 

Birkenhead, 160 
Birmingham refuse, 404, 405 
storm flows, 207 
Tame & Rea District Drainage 

Board, 291, 302, 318, 323, 343, 
346, 348, 365, 369, 370, 380 

water supply, 76, 133, 138, 147, 
152 

Bitumen joints, 196, 197 
Blackgang Chine, 440 
Blackpool, 393 
Blasting in boreholes, 108 
Bleaching powder, 123, 125 
Blown sand, 441, 444 
Board of Education, 11 

of Trade, 175, 277, 441 
unit, 161, 169 

Boards of Health, 4 
Bochum, 290 
B.O.D., 61 
Boiling point of water, 60 
BoUing, sterffisation by, 128 
Bones, 405 
Boning rods, 195 
Boosting, 160, 164 
Boreholes, 58, 102, 106, 107, 108, 109, 

112, 143, 147, 157 
Borough Engineers, 42 
Boroughs and Borough CouncUs, 5, 

11, 12, 18 
Borrowing powers. See Loans. 
Boston, Mass., 138 
Bottles, 387, 406 
Boundaries, alteration of, 11, 12 
Bournemouth, 276 
Bournes, 105 
Bradford, 138, 292, 318, 350, 352, 

363, 379 
Braintree, 156 
Brewery wastes, 315, 376, 379, 380 
Brewster, N.Y., 351 
Brickmaking, refuse for, 406 
Brickwork, deterioration of, 315 
Bridges, 430 
Bridgnorth, 226 
Brighton, 208, 388 
British Association, 59 

Isles, rainfaU, 96 
Mannesmann Tube Co., 176 
Reservoirs, 147 
Standards Institution, 47, 175 

Specffications, 47, 175, 195, 230 
Thermal Unit, 161 
Waterworks Association, 25, 31, 59, 

136, 270 
Broken stone filters, 318 
Bromine, 123 
Brook V. Meltham U.D.C, 377 
Brushes for aeration tanks, 343 
Brushwood drains, 435 
filters, 319 
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Bruston auto-pnemnatic system, 156 
Bruton, Somerset, rainfall, 424 
Bubbles, 336, 339 
Buffalo, N.Y., 100, 138 
BuUding Research Station, 316 
Bulking of sludge, 346 
Bunter Sandstone, 103 
Burettes, 63 
Biu'ial Acts, 18 
grounds, disturbance of, 190 

Burnley sewage works, 349 
Burnt clay, 318 
Bursts of mains, 153 
Burton-on-Trent sewage, 379 
Bury, Lanes, sewage works, 341 
Business of Local Authorities, 19, 20 
Buxton, 106 
By-laws, 19, 20, 135, 190, 199, 390 
Model, 20, 193, 201, 202, 203, 394 

By-products, recovery of, 379, 403 

Cabbages, 281 
Cadmium, 127 
Calcixim carbide, 192 
California, 72, 224 
Calorffic value of London refuse, 415 
Calorific values of fuels, 161, 375 
CamberweU, 240 
Cambrian Formation, 103 
Campagna, 433 
Canada, 201, 273, 322, 400 
Canals, 190, 191, 228, 433 
Canary Islands, 101 
Candy tank, 296 
Carbon monoxide, 167 
Carbonate of soda, 131, 132 
Carbonates, 63, 130, 131 
Carbonic acid, 63 
Carboniferous Limestone, 103, 104, 

106 
Carcasses, disposal of, 408 
Caribou, California, 162 
Case groynes, 442 
Cast-iron pipes, 173, 197, 230 
Catadyn, 127, 137 
Catarrh, 433 
Catchment Areas, 105, 110, 145, 150, 

429 
Boards, 263, 428 

Cattle, water for, 136, 144 
Caverns, 104 
Cementation, 147 
Central Asia, 96 
Authority, 270, 272, 382 
Board of Health, 4 
Council for Rivers Protection, 263 

Centrifugal separators, 365 
Cereals, 281 
Certfficates, 50, 233 
Cesspools, 3, 113, 190, 191, 202, 203 

Chadwick Trust, 27, 31 
Chairman, 21, 38 
Chalk, 102, 103, 105, 107, 112, 279 
in water, 63 

Champaign, IU., 348 
Charcoal filters, 122 
Charges for removing trade refuse, 

392 
for treating trade wastes, 378 
for water, 56, 57, 143 

Charters, 18 
Charts, 47 
Cheam sewage works, 371 
Cheltenham, 121, 363 
Chemical measurement of water, 78 

-mechanical treatment of sewage, 
353 

precipitation, 119, 265, 266, 292, 
315, 319, 332 

refuse, 191 
standards of purity, 355 

Chemistry of sewage, 254 
of water, 60 

Cherrapongee, 96 
Chesterfield Cleaning Department, 

405 
Chezy's formula, 83 
Chicago, 100, 138, 273, 353, 373 
Drainage Canal, 273, 274 
River, 117, 273, 274 
Sanitary District, 274, 372, 375 

Chichester Harbour, 443 
ChUmark, Wilts, 40 
China, floods in, 423 
Chingford, 116, 168, 368, 369 
Chloramme, 124, 125, 137 
Chlorides, 62 
ehlorination of sewage, 328, 359, 361 

of water, 109, 111, 123, 135, 137 
Chlorine, 124 
in sewage, 254, 257 
in water, 62 

Chloros, 125 
Choice of contractor, 49 
of preliminary treatment of sewage, 

314 
of site for dam, 161 
sewage works, 205, 282 

of source of water, 114 
Chokage of sewers, 222, 223, 224 
Cholera, 4, 16, 66, 359 
Christch-urch, N.Z., 224 
Cincmnati, Ohio, 121, 138 
Cisterns, 172 
Cladothrix, 65 
Clark's soap test, 64 
softening process, 130 

Classffication of natural waters, 114 
Clay, as a precipitant, 293 

effect of on water mains, 174 
land, 268, 278, 279 
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Cleansing Superintendents, 29, 399 
Clerks, 17, 21, 38, 44, 141 

of Works, 49, 60 
Cleveland, Ohio, 100, 111, 138, 407 
Clifford inlet, 299 
Cliffs, 440 
CUfton, 106 
Clinker, 318 
destructor, 414 

Cloaca Maxima, 3 
Cuossus, 3 
Coagulation, 119, 121 
double, 122 

Coal, 379 
fflters, 318 
gas, 161, 239 
Measures, 103 
mines, subsidence over, 178 
water from, 65 

tar, 379 
Coarse beds, 283, 313 
Coast erosion, 440 
protection, 440 
Protection Bffi, 441 

Coating for cast-iron pipes, 174 
Cobble Mountain reservoir, 146 
Cocci, 65 
Cochrane and Co., 175 
Coke for filters, 318 
breeze for fUters, 318 

CoUoiders, 312 
CoUoids, 120, 254, 318, 334 
Colne VaUey Waterworks, 130 
Colon, 224 
Colorado River, 149 
Colwyn Bay, 411 
" Combined drains," 192 
Combmed v. separate system of 

sewerage, 206, 207 
Commissioners of sewers, 189, 428, 

429 
Committee on Floods in relation to 

Reservoir Practice, 208, 424 
on Local Expenditure, 392 

Committees, 14, 20, 23 
Common Lodging Houses Acts, 9 
Comparison—aeration tank v. ffiter, 

346, 348 
combined v. separate system of 

sewerage, 206 
contact beds v. trickling ffiters, 329 
controUed tipping v. burning, 416 
gravitation v. ptunping (sewage), 

211, 223 
gravitation v. pumping (water), 

115 
horses v. motors, 401 
preUminary processes of sewage 

treatment, 314 
ridge-and-furrow •u. spiral-flow 

tanks, 336 

Comparison—series v. paraUel work
ing, 302, 304, 338 

sources of water, 114 
Compensation water, 67, 99 
Competitive schemes, 42 
Concentration, time of, 150 
Concrete bedding and casing for 

drains and sewers, 193, 194, 197, 
212, 313, 331 

disintegration of, 230, 315 
tubes, 177, 230 
walls for reservoirs, 146, 147 

Condensers, 165 
Conditioning of sludge, 368 
Cone of exhaustion, 108 
Conemaugh River, 151 
Conglomerates, 102 
Congresses, 26, 27 
Constant supply of water, 172 
Consultative Board of Health, 4 
Consulting Engineers, 26, 29, 41 
Consumption of water, 135, 137, 138, 

153 
Contact beds, 319, 320, 361 
automatic working, 319 
depth of, 330 
quantity of sewage dealt with, 330 
water capacity, 320 

Contingency item, 48 
Continuous-flow settlement, 292, 315 
Contours, 46 
Contract drawings, 45 
Contractors, 41, 44, 49 
Contractors' risks, 45 
Contracts for execution of works, 42, 

43 
Contracts for supply of sewage, 261, 

262 
Contributions from County CouncU, 13 

from Exchequer, 14, 21, 34 
from Rural District CouncU, 13 

Contributory places, 36 
ControUed fflters, 318, 323 
tipping, 410, 416 

Coolgardie water main, 176 
Cooper-Hewitt lamp, 128 
Copenhagen, 200 
Copper, 126, 127, 379 

sulphate, 117 
Copperas, 276, 293 
Corn, 281 
ComwaU, 164, 440 
Corrosion of water mains, 63, 133,143, 

174, 176, 184 
Corsham, WUts, 153 
Cost of activated sludge process, 345, 

346 
of electricity, 171 
of land drainage, 436, 438 
of refuse coUection, 396, 402, 418 

disposal, 396, 418 
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Cost of sludge disposal, 371, 374 

of softening water, 132 
of sterUising water, 124, 126 
plus profit, 45 

Councffiors, 18, 20 
CouncUs. See the respective Authori

ties. 
Counties, 18 
County Boroughs, 9, 11, 18 

Councils, 11, 12, 13, 17, 355, 426 
Cover for sewers, 213 
' for water mains, 177 
Craigentinny Meadows, 278 
Cretaceous Formation, 103 
Crimp and Bruges' formula, 84 
Cromer, 276, 440 
Crops for sewage farms, 281 
Crossness sewage works, 344, 345, 

350 
Croydon sewage works, 278, 344, 348, 

411 
Crustacea, 67 
Cultivation tank, 313 
Cultures, 66 
Cumberland, 96, 428 
Cumberland Hotel, 202 
Current meter, 78 
Cyclotella, 117 

Dagenham, growth of, 40 
sewage works, 296 

Dames, 136, 144, 343, 383 
Dairy refuse, 343, 383 
Dale Dike Dam, 161, 425 
D a m p and disease, 433 
Dams, 146 

failures, 151 
Danger from flies, 391 

from mosqmtoes, 434 
from poUuted water, 116 
from refuse, 390, 400 
to sewer-men, 239 

Dangerous buUdings, 22 
Darcy's formffia, 84 
Darlington, 122 
Davyhulme. See Manchester. 
Dayw^ork, 48 
Deacon meter, 80, 140 
Dearborn, Mich., 353, 354 
Death-rate, 15 
Decomposition, 255, 258 
DefaiUt by local authorities, 13, 17, 

56 
Deflectors, 340, 341. See also 

Baffies. 
Denudation, 103, 104 
Departmental Committee on Flood

ing, 424 
on Intercepting Traps, 201 
on Qualffications, etc., 30 

Department for Health in Scotland, 
162 

of Scientffic and Industrial Re
search. See BuUding Research 
Station and Water PoUution 
Research Board. 

Deposits in sewers, 191, 206, 237 
in water mains, 130 

Depth of fflters, sewage, 321, 330 
water, 118 

Derating, 12, 13, 14 
Desplaines River, 273, 274 
Desrumaux's softening process, 131 
Destructors, refuse, 412 
Detritus tanks, 290 
Detroit, Michigan, 100, 138 
Development (Loan Guarantee & 

Grants) Act, 1929, 35 
Devizes, slate beds, 313 
Devon, coast of, 440 
Devonian Formation, 102, 103, 104 
Dew, 101 
Diarrhoea, 391 
Diatoms, 67, 117 
Dieppe, 126 
Diesel engine, 167 
Diffused air, 335 
Diffusers, Henderson's, 333 
Jones & Attwood's, 335 
life of, 335 

Digestion of sludge, 249, 306, 361, 
365, 371 

conditioning, 368 
heating, 367 
optimum tenaperature, 367 
seeding, 366, 367 
stages, 367 
stirring, 368 
tanks, 366 

capacity of, 368 
DUution, disposal of sewage by, 271 

for effiuents, 272, 366 
Dip, 103, 105 
Diphtheria, 240, 391 
Direct-acting pumps, 165 
Direct-oxidation process, 351 
Disconnecting traps, 194, 199, 300, 

241 
Disease, 4, 15, 63, 358, 391, 433 
Diseased meat, 19 
Dismfectors, 416 
Disintegrators (sewage), 276 
Dismissal of officers, 22, 30 
Dissolved oxygen, 61, 118, 255, 260, 

271, 356 
solids, 61 

DistUlery wastes, 380 
Distributors for sewage filters, 323 

cast-iron troughs, 322 
Fiddian, 324 
nozzles, 323 
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Distributors for sewage filters : 

rotary, 324 
Stoddart's 323 
travelling, 324, 325 
wooden troughs, 323 

District CouncUs. See Rural and 
Urban Districts. 

(Water Supply FacUities) Act, 
1897, 57 

Diviners, 102 
Dr. Angus Smith's solution, 174 
Dolgarrog reservoir, 152 
Dolomite, 63 
Domestic fflters, 122 
Don River, 427 
Donhead St. Mary, WUts, 40 
Dorr grit chamber, 291 
settling tank, 345 
thickener, 296, 345 

Dortmund tank, 297 
Dosing chambers, 326 
Double-seal joints, 196 
Doulton's softening process, 131 
Dowsers, 102 
Dowson gas, 167 
Drainage Boards, 428 
house. See House Drainage. 
land, 433 

Draining beds for sludge, 363, 371, 373 
Drains, definition, 189, 192. See 

House Drainage. 
(land) brushwood, 435 
French, 436 
horseshoe tUes, 436 
mole, 436 
pipe, 436 

Drawings, contract, 46 
for Ministry of Health, 141 

Dredging, 440 
Dresden, 140 
Drinking troughs, 136, 144 
Drought, 57, 97, 105, 140, 150 
Dry-weather flow of sewage, 254 
Dublin, 133, 363 

Bay, 276 
Ducat filters, 322 
Dunes, 441 
Dungeness, 206, 441 
DupUcation of pumping machinery, 

160 
Durham, 428 
Dust, 391 

from destructors, 414. 
Dustbins, 389, 394, 398, 400, 401 
Dustmen, 400 
Dust-vans, 401 
Dutch Government Institute, 343 
Dyeworks wastes, 376 
Dysentery, 15, 66, 126 
Earthquakes, 104 

East H a m , 389, 411 
East River, New York, 358 
Eastbourne, 444 
Eastern Counties, 96, 100, 435 
Easton, Pa., 351 
Edinburgh, 138, 181, 278 
Edison General Electric Co., 80, 405 
Education Act, 1921, 9, 19 

and training of Engineers, 28 et seq. 
Efficiency of air compression, 244 

of internal combustion engine, 166 
of pneumatic ejectors, 243 
of pumps, 160 
of steam engine, 166 

Effluents, standards for, 328, 355 
Egham, Surrey, 342 
Elan VaUey, 133, 152 
Elbe River, 120 
Elections, IS 
Electric Motors, 170 
Electrical treatment of sewage, 350, 

352 
Electricity, 168, 248, 249 

grid, 59 
prices for, 171 

Electrolysis, 174 
EUesmere Port & Whitby Urban 

District CouncU, 398 
Ely, Isle of, 18 
Embankments, 146, 189 
Empire Health Week, 26 
Emscher tank, 312, 366, 407 
Emschergenossenschaft, 206, 290 
Engineering requirements of Ministry 

of Health, 141, 212 
Engineers, Borough, 42 

Consulting, 42 
Panels of, 162 

Engines, internal combustion, 166 
^team, 164 

Enteric fever, 15, 66, 112, 114, 115, 
117, 128, 136, 240, 273, 359, 391 

Enzymes, 259, 344 
Eocene System, 102 
Equalising effect of septic tanks, 315 
Equilibrium valve, 163 
Erosion, coast, 440 
Essex, 433 
Estimates, 38 

K 20 (Water Supply), 38,141 
K 29 (Sewerage), 38, 211 

Evaporation from gathering groimds, 
97, 98 

Everite pipes, 177, 183 
Examinations, 26, 29 
Excess expenditure, 39 

-lime treatment, 126 
Exchequer, 14, 21, 34 
Exe River, 105, 431 
Exeter, 139, 174, 267, 307, 315, 320, 

370, 431 
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Expectation of life, 15 
Expenditure, local, 33 
Expenses of rural authorities, 36 
Explosions in sewers, 239, 240 
in tanks, 371 

Extra works, 50 
Eytelwein's formula, 83 

Factor of impermeabUity, 208 
Faggot drains, 436 
Failures of dams, 151, 152 
Faults, 104 
Federation of Civil Engineering Con

tractors, 47 
Fens, 430 
Ferrozone, 293 
Fertilisers from sludge, 374 
Fiddian distributor, 324 
Fidler scraper, 296 
Fieldhouse tank, 296 
Field's annfflar siphon, 237 
Fiji, 390 
Filamentous growths, 65, 334, 346 
FiU-and-draw method, 334, 337 
FiUing trenches, 198, 233 
Filter presses, 364 
Filter trenches, 203 
Filters for sewage, 317 

aeration of, 322 
clogging of, 319, 320 
coal, 318 
contact beds, 319, 320, 361. See 

also Contact beds. 
continuous, 321 
controUed, 318, 323 
depth of contact beds, 330 

trickling filters, 321 
distribution, 323. See also Distri
butors. 

dosing appliances, 325 
drainage of, 321 
Ducat, 322 
ffies from, 322 
growths on, 328 
heating of, 322 
intermittent working of, 326 
materials for, 318, 415 

size of, 319 
maturing of, 318 
percolating, 321. See also trick
ling filters. 

purffication eSected, 318, 319 
quantity dealt with, 319, 320, 

321, 329, 330, 331 
resting of, 328 
sand, 359 
sprinkling, 320. See also trick
ling filters. 

time of passage through, 327 
trickUng, 320, 334 
unloading of, 328 

Filters for sewage, walls for, 322 
for water, 118 
pressure, 122 
Puech-Chabal, 120 
rapid, 120 
sand, 118 

Filtration of sewage tlirough land, 
265, 278 

of water, 118 
rate of, 119, 120 

FUtros plates, 335 
Fmsbury,- 396, 404 
Fire extmction, 56, 134, 140, 141, 164 

plugs, 66, 142, 180 
Fish, 129, 260, 358 
Fish offal, 393 
Fishery Boards, 262 
Fissures, 104, 106, 108, 112, 146 
Flat gradients for sewers, 222 
Flexible joints, 178, 179, 231 
Plies from filters, 322, 330, 348 

from refuse, 391, 409, 411 
Float experiments, 277 
Float-switches, 171, 248, 249 
Floating arms, 295 
Flocculation, 120, 334, 348 
Flood prevention, 275, 435 
Flooding, causes of, 429 
Floods, 150, 151, 189, 208, 423 
Floors, slopes of, 297, 300 
Florence, 411 
Flow of air or gas in pipes, 85. See 

also Formulas. 
of water in pipes, 82 et seq. See 
also Formulae. 

of water in pipes, partly full, 93, 218 
recorder, 283 

Flushing drains, 198, 199 
land drains, 437 
sewers, 206, 223, 237, 238 

Foaming in Imhog tanks, 312, 407 
Food and Drugs Act, 19 
Pood Production Department, 429 
Forced draught, 413 
Foreshores, 277, 440, 441 
Forestry Sub-Committee, 98 
Form Eng. 9 : 287 
K 20 : 38, 141 
K 29 : 38, 211 
K 121: 39 

FormiUaB : 
air compression, 244 
flood discharge, 160 
flow of air in pipes, 85 et seq., 244 

of water in pipes, 83 et seq. 
through module, 286 
through pipe bends, 82 
through rectangular notch, 72 

et seq. 
through right-angled V-notch, 

76 
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Formulsa: 

period of concentration, 150, 207 
softening water, 130, 131 
strength of sewage, 266 
velocity of flow in pipes (full), 83 et 

seq. 
(partly full), 218 
through orifices, 72 

France, consumption of water, 138 
Frankfort-on-the-Main, 365 
Frankley reservoir, 152 
Franklin Institute, 351 
Free-flow pipes, 196 
French drains, 436 
Fresno, Cal., 224 
Friction of sludge in pipes, 369 
Friem Barnet, controlled fflters at, 

318, 323 
Frinton-on-Sea, 442 
Frost, 177, 181, 184 
Fuel gases, 167 
Fuels, calorific value of, 161 
Fuhler brook, 112 
Fulham, 397 
Fungi, 67 

g, value of, 71 
GaUionella, 66 
Gallon, imperial, 70 • 

United States, 138, 254 
Galvanised iron pipes, 183 
Galvanising, 184 
wastes, 255, 376, 380 

GanguUlet & Kutter's forrmUa, 84, 
89 

Garbage, 403, 406, 411 
reduction, 407 
treatment with sewage, 407 

Gas companies, 379 
engines, 146, 166, 249 
flow in pipes, 85 
from refuse, 414 
from sludge, 249, 367, 370 
liquor, 66, 348, 382 
producer, 167, 414 

Gascony, 441 
Gate valves, 142, 179 
Gathering grounds, 105, 110, 146, 

150 
Gauging sewage, 254 
water, 71 

Gault, 103 
General Board of Health, 5, 6 
Conditions of Contract, 47 
Expenses, 36 

Geneva, Lake of, 116 
Geological formations, 102 

maps, 47, 104 
Geology, 102 
Germany, consumption of water, 138, 

274 

Germany, sewerage in, 206, 273, 278, 
292, 302, 312, 369, 370 

Germs. See Bacteria and Pathogens. 
Gibraltar, 101 
GUlingham, Dorset, 164, I74 
Glacial deposits, 102 
Glasgow, 64, 100, 132, 138, 147, 344, 

363 
Glass, broken, 406 
Glass for fflters, 318 
Glass roofs for sludge beds, 364 
Glauber salts, 123 
Gloucestershire County Council, 426 
Gneiss, 104 
Godstone Rural District Council, 359 
Goitre, 128 
Gout, 63 
Gradients, flat, 222. See also Velo

cities. 
hydrauhc, 83 et seq., 93 
for drains, 198 
for sewers, 218 et seq. 
steep, 226 

Granite, 104, 318 
Grants, 14, 21, 34 
for Rural Water Supplies, 35 
Unemployment, 34, 426 

Gravel, for filters, 318 
Gravitation v. pumping, sewage, 311, 

223 
water, 115 

Gravity, 71 
Grease from garbage, 407 
Grease in sewage, 352, 363, 365 
Great Lakes, 100, 111, 116, 273, 274 
Greater London, 205 
Green's economiser, 415 
Greensand, 103, 107, 109, 131 
Greenwich, 404 
Grid, electricity, 69, 171 
water, 69 

Grit chambers, 290 
Grouting, 147 
Growths on fflters, 328 
Groynes, 442 
Guardians, Boards of, 17 
Guayaquil, 174, 179, 224, 226, 435 
Guayas River, 179 
Guggenheim Laboratory, 352 
Guildford sewage works, 361 
Hackney, 416 
Hadow Committee, 30 
Halifax reservoirs, 147 
Halle, Germany, 368 
HaUsands, 441 
Hammersmith, 396 
Hamoir, Belgium, 343, 383 
Hampshire, 13 
Hampton, 67, 274, 311 

doctrine, 311 
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Hanover Machine Co., 365 
Happisburgh, 440 
Hardness of water, 63, 112, 130 
Harlem River, 358 
Harris-Anderson softening process, 

131 
Hartley Paddles, 340, 341, 345 
Harwich, 46 
HassaU joint, 197 
Havant and Waterloo Urban District, 

13 
Haweswater, 100 
Hawksley's formula, 83 
Haworth Urban District Council, 398 
Hayling Island, 443 
Head required for velocity, 72, 228 
Headings, 232 
Health of Towns Bill, 5 
Health Visitors, 26 
Heat, sterilisation of water by, 128 
Heat-exchange, 128 
Heating of sewage fflters, 322 
sludge digestion tanks, 367 

Hengstey Lake, 275 
Hermite process, 350 
Hetch-Hetchy Dam, 149 
High Wycombe, slate beds, 313 
Highway Authorities, 6 
Highways, 12, 19 
Himalayas, 96, 104 
Hogs, 406 
Holborn, 396 
HoUand, 441 
H o m e Office, 11, 239 

Secretary, 7, 190 
Honiton, Devon, sewage works, 317 
Hook gauge, 76 
Hoover Dam, 149 
Hornsea Urban District CouncU, 406 
Hornsey, 414 
Horse power, 161 
Horses v. motors, 401 
Horseshoe drains, 436 
HorsfaU destructor, 412, 413 
Hospitals, 18, 19, 292 
Hot liquids, 191 
Hot water supply, 416 
Hotel refuse, 393, 408 
House dramage, 19 
House drains, 193, 241 

laying and jointing, 195, 197 
materials for, 193, 194 
sizes, 193, 194 
testing, 22, 197 
velocities and gradients, 198 

House refuse. See Refuse. 
Householders, education of, 397 
Housing and Town Planning, 9, 10, 

19, 37 
Huddersfield, 261, 307, 363 
Hudson's economiser, 415 

Humphrey pump, 167 
Humus, 306, 328 

tanks, 328 
Hurhngham, flooding, 424 
Hydrants, 56, 142, 180 
HydrauUc gradient, 83 et seq., 92 
mean depth, 82 
ram, 95, 162 

Hydraiilics, 70 
Hydrogen-ion concentration, 63, 120 
Hydro-geology, 102 
Hydrolytic tank, 311 
Hydrostat, 164 
Hydrostatics, 70 

Igneous rocks, 104 
Rford, 371 
niinois river, 273, 274 

State Water Survey, 343 
Imhoff tank, 312, 365, 407 
Impermeability, factor of, 208 
Improvement Commissioners, 6 
Incineration of refuse, 412 

of sludge, 375 
Incorporation, 18 
Incrustation in water mains, 173, 174 
Incubation test, 355 
Indianapolis, 337, 348 
•Indicator plates, 183 
Indicators, 63 
Infant mortaUty, 16 
Infectious disease, 19, 136 
Inferential meters, 79 
Injectors, 158, 164 
Inland Water Survey, 58 
Inquiries, Local, 14, 36, 38 
Inspection chambers, 194, 197 
Inspectors of Nuisances, 21, 22, 29, 

38 191 237 
Ministry of Health, 38 

Institute of Public Cleansing, 29, 31, 
399 

of Sewage Purffication, 29, 31, 270 
Institution of Chemical Engineers, 31 

CivU Engineers, 22, 24, 28, 29, 
43, 48, 59, 160, 152, 207 

CivU Engineers of Ireland, 25, 31 
Electrical Engineers, 26, 31 
Gas Engineers, 31 
Highway Engineers, 31 
Mechanical Engineers, 25, 32 
Municipal and County Engineers, 

22, 25, 28, 29, 32 
Sanitary Engineers, 35, 29, 32 
Structural Engineers, 32 
Water Engineers, 35, 29, 32, 59 

Institutions, 24 
Insulation, 169 
Insurance Commissioners, 11. 
Intercepting sewers, 211 
Interceptors, 194, 199, 200, 241 
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Interest in contracts, 20 
Intermittent supply of water, 172 
Internal combustion engines, 166, 249 

pump, 167 
International Conference on Public 

Cleansing, 399 
Conference on Samtary Engineer

ing, 25,195, 201, 372, 401, 402, 
407 

Delavaud Manufacturing Corpora
tion, 175 

Water and Sewage Purffication Co., 
293 

Intrusions, 104 
Iodine, 123, 128 
Ireland, rainfaU, 96 
Iron bacteria, 65, 334 

in water, 65, 133, 333 
pipes, 173, 197, 230 

jointing, 178 
wastes, 276, 380 

Irrigation, 265, 278 
IsabeUa II Canal, 286 
Island B a m Reservoir, 149 
Isle of Ely, 18 

of Wight, 18 
Italy, consumption of water, 138 

Jamaica, 101 
Jets, height and discharge, 182 
Johnstown Dam, 151, 425 
Joint Advisory Committee on River 

PoUution, 263, 270, 358, 377 
Boards, 18, 261 
Committees, 21, 355 

Joint Sewerage Boards, 261 
Joiile's equivalent, 161 
Junctions on drains and sewers, 194, 

236 

K 20, etc. See Forms. 
Kainozoic System, 102 
Kaolin, 132 
Katadyn, 127, 137 
Katrine, Loch, 64, 100, 132, 147 
Kempton Park, 120, 149 
Kennedy meter, 78 
Kensington, 240 
Kessel Separator, 302 
Keuper Marls, 103 
K e w Observatory, 424 
Keyham Docks, 440 
Kieselguhr, 122 
Kimeridge Clay, 103 
K m g George reservoir, 149, 168 
Kingston-on-Thames, 293 
Kutter's formffia, 84, 89 

Lagoons (sludge), 363 
Lakes, 100, 111 

artfficial, 275 

Lakes, Haweswater, 100 
Michigan, 117, 273 
Ontario, 100 
Thirhnere, 100, 147, 160 
V y m w y , 100, 426 

Lambeth, 396 
Lampholes, 236 
Lancashire, 110, 378 
Lancaster, 46 
Land, area required for sewage, 279 

insistence on provision of, for 
sewage treatment, 266, 268, 269 

Land dramage, 433 
cost of, 436, 438 

Land Drainage Acts, 263, 438 
Division, 429 

Landreth direct-oxidation process, 351 
Lands Improvement Co., 436 
Landslips, 440 
Lassen & Hjort's softening process, 

131 
Laughlin process, 353 
Laundries, 64, 65 
Laurentian System, 103 
Lausen, 112, 114 
Law, Compensation Water, 99 

Contracts, 43 
Drainage and Sewerage, 189 
Land Drainage, 428 
Refuse, 391 
Reservoirs, 56, 152 
River PoUution, 262 
Sanitary, 4 
Trade wastes, 376, 382 
Undergound Water, 58 
Water Rights, 58 

Supply, 55 
Lawrence Experiment Station, 270, 

334 
Laying and jomting house-drains, 195, 

197 
sewers, 231 
water mains, 178 

Lead, action of soft water on, 132, 
183 

joints for pipes, 178 
pipes, 173, 184 
wool, 178 

Leaping weir, 210 
Lebanon, Pa., 407 
Lee River, 100, 117, 119, 149, 168, 

427 
Leeds combination meter, 79 

sewage disposal works, 268, 309, 
367, 380 

Legislation, Samtary, 4, 261. See 
also Law. 

Leicester sewage farm, 278 
Leningrad, 124 
Lenne River, 275 
Leptoihrix, 65 
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Letchworth, 300, 302 
Levels, 47 
Lias Formation, 103 
Lichfield, fflters, 318 
Liernur's pneumatic system, 247 
Life, expectation of, 15 
Light, sterUisation of water by, 128 
Lighting, 19 
Lime, as a precipitant, 293, 351, 379 

excess-lime treatment, 126 
in water, 63 

Limestone, 63, 112, 318 
Lmcoln, li4 
Lmgfield, Surrey, sewage works, 359 
Litmus paper, 256 
Litter, 390 
Liverpool datum, 46 

Tidal Institute, 424 
waterworks, 98, 100, 112, 138 

" Livmg Earth, The," 279 
Loans, 8, 19, 36 
limitation, 13, 17, 36 
periods for repayment, 36, 177 
short-period, 143 

Local Acts, 10, 37, 378 
Authorities, 6, 9, 12, 18, 110, 189, 

190, 261, 262, 377, 378, 391, 400. 
See also the various CouncUs. 

Boards of Health, 5 
Expenditure, 33 

Local Government Act, 1868, 6, 261 
1871, 7 
1888, 11 
1894, 11, 57 
1929, 12, 14, 36, 134, 144 
1933, 14, 22, 36, 43 

(Amendment) Act, 1861, 6, 261 
Local Government Board, 7,8,11, 13, 

15, 42, 66, 222, 256, 260, 266, 
268, 305, 329, 332, 377, 392, 419 

Local Inquiries, 14, 36, 38 
Loch Katrine, 64, 100, 132, 147 
Locking bar pipes, 176 
Lodging houses, 19 
London, flooding, 424 

refuse, 388, 390, 400, 403, 409 
sewerage and sewage disposal, 240, 

266, 293, 346, 363 
water supply, 64, 68, 100, 107, 109, 

116, 126, 128, 129, 138, 149, 150, 
173 

London Clay, 107 
County CouncU, 201, 202, 340, 345, 
396 

London School of Economics, 16 
of Hygiene and Tropical Medi

cine, 28 
Longdendale, 98 
Longhorsley, 46 
Lord Mayor Treloar Cripples' Hos

pital, 204, 443 

Lorient, 350 
Los Angeles, Califorma, 178 
Lostock, 160 
Low-temperature combustion, 414 
Lucerne, 281 
Lunatics, 18 

M 7, 333 
Machinery, 212 
Magdeburg, 120 
Magnesian limestone, 63, 103 
Magnesium, 63, 133 
Magnetite sand, 353 
Maidstone, 114, 380 
Maignen's softening process, 131 
Mamtenance, period of, 51, 361 
Malaria, 433, 434 
Malvern, Lowcock's experiments, 333 
Manchester, 98,100,138,147,160,239, 

268, 315, 330, 333, 334, 349, 363, 
370, 373, 380, 391 

Manganate of soda, 271 
Manganese, 66 
Mangold-wurzel, 281 
Manholes, 212, 234, 236 

distance apart, 234 
on land drains, 437 

Manffold River, 106 
Manufacturing wastes, 376 et seq. 

See also Trade wastes. 
Manurial value of sludge, 293, 363 
Marketing of sludge, 374 
Markets, 19 
Martock, Som., 218, 223 
Massachusetts State Board of Health, 

270, 332, 334 
Materials for sewage filters, 318, 415 

size of, 319 
Maternity and ChUd Weffare, 9, 19 
Mather & Piatt's softening process, 

131 
Matlock, 106 
Matunga Leper Asylum, 370 
Maturing of sewage filters, 318 
Mayors, 18 
Measurement of water, 71 eJ seq. 

with chemicals, 78 
Mechanical agitation of sewage, 338 

filters, 121 
treatment of sewage, 290 

Medical Officer, 13, 21, 22, 38 
qualffications for, 13, 23 

Melbourne, 281 
Meldrum Destructor, 413 
Memphis, Tennessee, 236 
Mercury, 71, 127 
Mercury-vapour lamp, 128 
Mere (WUts), 112, 164 
Mersey, 365 
Mesozoic System, 103 
Metals, action on water, 126 
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Metamorphic rocks, 104 
Meteorological Magazine, 97 
Metering water, effect on consmnp-

tion, 139 
Meters, water, 78 
Methane, 370 
Methyl-orange, 63 
Metropolitan Board of Works, 266,271 
Boroughs' Standing Joint Com
mittee, 397 

Sewage Commission, 266 
Water Board, 37, 68, 118, 119, 124, 

149, 175, 184, 360 
Mexico, Gulf of, 274 
Michigan, Lake, 117, 273 
Microbes. See Bacteria and Patho

gens. 
Micro-organisms. See Bacteria and 

Pathogens. 
Middens, 263 
Middlesbrough, 408 
Middlesex County Council, 205, 318, 

426 
Midford Sands, 103, 104 
Midlands, 100, 253 
Miles' acid process, 352 
MUk, cooUng, 136 
wastes, 343, 383 

MUlstone Grit, 103 
MUorganite, 374 
MUton, Hants, 364, 369 
MUwaukee, Wis., 138, 342, 362, 373, 

374, 375 
Miner's Inch, 72 
Mines, pollution from, 65, 381 
Mining districts, settlements in, 178 
Ministry of Agriculture and Fisheries, 

203, 263, 270, 377, 408, 424, 426, 
428, 429, 435, 436 

of Health, 9, 11, 12, 13, 14, 18, 35, 
36, 42, 43, 56, 69, 97, 99, 100, 
109, 134, 135, 137, 140, 162, 
172, 177, 222, 231, 236, 239, 
262, 263, 283, 285, 287, 290, 
329, 335, 346, 364, 372, 377, 
389, 392, 396, 402, 410, 416, 
419, 424, 426 

Act, 1919, 11 
Requirements: 
Sewage Disposal, 287 
Sewerage, 211 
Water Supply, 141 

of Labour, 34 
of Transport, 400 

Minworth sewage works, 302 
Miocene Formation, 102 
Mississippi River, 273, 425 
Model By-laws, 20, 193, 201, 202, 

203, 394 Modules, 286 Mogden, 205 

Moist combustion, 271 
Mole dramage, 435 
River, 106 

Mond gas, 167 
Moscow, 406 
Mosquitoes, 434 
Multiphcation of small sewage works, 

205 
water works, 134 

Munich, 138, 403 
Mrmicipal Reform Act, 1836, 18 
MunicipaUties, 18 
Nappe, 76 
National Smoke Abatement Society, 

26, 32 
Water Policy, 59 

Native Guano, 293 
Nature's food cycle, 258, 259 
Nessler test, 62 
Neuralgia, 433 
NeviUe's formula, 84 
New buUdings, 19 
New Croton Dam, 149 
New Haven, Conn., 352 
New London Electron Works, 405 
New processes of sewage treatment, 

354 
New Red Sandstone, 62, 103, 104, 112 
New River, 117 
New York, 351, 363, 368, 403, 416 
Clean City Committee, 403 
State Sewage Works Association, 
407 

New Zealand, 129 
Newlyn datum, 46 
Niagara FaUs, 139, 332 
Nice, 124 
Nidus racks, 343 
Niersverband, 350 
NightsoU, 389 
Nineveh, 3 
Nitrates, 62, 255, 258, 317 
Nitrifymg bacteria, 317 
Nitrites, 62, 256, 258, 317 
Nitrogen, 61, 355, 269. See also 

Ammonia. 
Non-county Boroughs, 11 
Norfolk, coast of, 440, 441 
North Wales, 46 
Northampton sewage farm, 278 
Norwich, 311, 423 
Electricity Department, 171 
flood,423 

Notches, 71, 72 
Notices, 14, 17, 66 
Nottingham, 138, 261, 278, 389, 
405 

Noxious trades, 19 
Nozzles, discharge from, 182 for feeding filters, 323 
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Nuisance from refuse, 409 
from sewage works, 278, 282, 330, 

348, 360, 381 
Nuisances, 4, 19, 190, 191 

Ochsner van, 401 
Octagonal tanks, 298, 366 
Odours, 117, 282, 330, 348, 360, 375 
Officers of local authorities, 5, 8, 21, 

80 
OU, calorffic value, 161 
engmes, 145, 167 

Oklahoma, 352, 364 
Old Red Sandstone, 103, 104 
Oliver fflters, 374 
" One-acre coke bed," 318 
One-pipe system, 201 
Ontario, Lake, 100 
Oolite, 103, 104 
Ordnance benchmarks, 46 
datum, 46 
maps, 46 
Survey Office, 46 

Organic acids, 63, 383 
Organic carbon, 61, 265 
matter, 61, 254 
nitrogen, 61, 266 

Orffices, flow thi-ough, 71, 72, 76, 228 
Ortho-toUdine, 125 
Osborne House, 437 
Otte and PodewUs plant, 408 
Outlet pipes from reservoirs, 151 
Oval sewers, 225 
Overflow weirs for storm-water tanks, 

285 
reservoirs, 150, 151 

Overflows, storm, 209, 285 
Overstrand, 440 
Owyhee Dam, 149 
Oxidation, 61, 271, 317 
Oxychlorides, Ltd., 361 
Oxygen absorbed, 61 
dissolved, 61, 118, 265, 260, 271, 

356 
Oyster beds, 275, 359 
Ozone, 123 
Pacffic Gas and Electric Co., 179 
Pacoina Dam, 149 
Paddle wheels, 339, 340 

inclined, 340, 341, 345 
Pagefleld system (refuse), 402 
Pakefield, 440 
Palseozoic System, 103,105 
Panama Canal, 224, 433 
Panels of Engineers, 152 
Paper pulp as a precipitant, 353 
waste, 405 

PapermiU wastes, 379, 381 
Parallel v. series working, 302, 304, 

338 

Parasites, 66 
Paratyphoid fever, 13, 136 
Paris air-mains, 85, 245 
sewage farms, 278, 281 
sewers, 239, 248, 350 
water supply, 123, 141 

Parish CouncUs, 11, 17 
Parkes Museum, 26 
Parks and Pleasure Grounds, 19 
Parliament, 6, 58, 261 
Parochial Committees, 17 
Parramatta, N.S.W., 370 
Partial purification, 348 
Partially separate system, 209 
Pasteur Chamberland filters, 122 
Patented processes, 342 
Paterson's pressure filter, 122 
softening process, 131 

Pathogens, 66,116, 136, 359, 411 
Payments to Contractors, 50 
Peat, 146, 147, 174, 268, 279 
Pelton wheel, 162, 165 
Penarth Beds, 103 
Pennine Chain, 69 
Pennsylvania, 65, 129 

Sanitary Water Board, 357, 358 
State Department of Health, 351 

Peppermint, 281 
Percolating fflters. See Trickling 

fflters. 
Percolation of rain into ground, 97 
Period of concentration, 150 
Permanganate of potash, 123 
Permian Formation, 103 
Permutit, 131 
Peterborough, Ont., 79, 405 
Petrol in sewers, 239 
pumps, 167 

Petroleum, 167, 192 
pH. value, 63,120, 133 
Phenol wastes, 125, 382 
Phenolphthalein, 63 
PhUadelphia, 138 
Phthisis, 433 
Phytoplankton, 67 
Pipe bends as meters, 82 
Pipe drainage, 436 
Pipes, asbestos-cement, 177, 183 

casturon, 173, 197, 230 
flow m, 82 et seq., 93 
lead, 173 
reinforced rubber, 179 
resistance of, 82, 89 
spun iron, 175 
steel, 176 
stoneware, 195 
wooden, 173 

Pitot tube, 78 
Plague, 15 
Plane of saturation, 109 
Plankton, 67 
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Plans, 141, 183, 190, 241 
Planting arotmd sewage works, 282 
Playing fields, dramage, 438 
Pleasure grounds, 19 
Pliocene System, 102 
Plumbo-solvency, 132, 183 
Plutonic Rocks, 104 
Pneumatic ejectors, 242, 370 

storage, 155 
Po, River, 425 
Polarite filters, 318 
PoUution of streams, 56, 110, 360, 265 

weUs, 56, 112 
Polyzoa, 67 
Ponds, 111 
Poor L a w Board, 71 
Poor (relief), 19 
Popffiation, decline in rural, 40, 41 

increase of, 40, 41 
Port of London Authority, 37, 356 
Portland cement, 230 
Portland, Mame, 178 
Portsmouth, 106 
Positive meters, 79 
Pot ale, 380, 381 
Potatoes, 281 
Poverty line, 15 
Power required for activated sludge 

process, 344 
for compression of air, 244 
for pumpmg, 161, 248 
from refuse, 415 

Precast concrete manholes, 234 
Precipitants, 293, 319 
Precipitation, chemical, 119, 265, 266, 

293, 315, 319, 332 
Preffltration, 120 
Preliminary treatment, choice of, 

314 
Pressure of water, 70, 134, 154, 

183 
fflters, 121, 130, 137 
reducmg valves, 164 

Primary System, 103, 105 
Prime costs, 48 
Princes Risborough, 156 
Private Acts, 57 

Improvements, 19 
Privy Council, 4, 6, 7, 11 
Producer gas, 167, 414 
Professional Societies, 24 

training, 24 
Proportional velocities and dis

charges, 93, 218 
Protective area, 112 
Protoplasm, 66 
Protozoa, 67, 346, 347, 434 
Provisional Orders, 10 
Priiss tank, 296 
Public Authorities Protection Act, 

1893, 11 
H H 

PubUc Cleansing. See Baths and 
Washhouses, Drainage, Refuse,. 
Scavengmg, Sewerage and Sew
age Disposal. 

Health Act, 1840, 5 
1858, 6 
1872, 7, 261 
1875, 8, 13, 36, 55, 181, 189, 

241, 262, 376, 391, 403 
1896, 8 
1904, 8 
1907, 9 
1925, 9, 192, 427 
(Amendment) Act, 1890, 8, 

190, 191 
(London) Act, 1891, 387 
(Water) Act, 1878, 55, 56, 144 

Indebtedness, 37 
Works, 40 
Works FacUities Act, 1930, 10 

Loan Commissioners, 8, 37 
Puddle trenches, 146 
Puech-Chabal filters, 120 
Pffisometer, 165 
Pulverising refuse, 411 
Pumping from excavations, 232 
P u m p m g sewage, 283 

water, 157 
P u m p m g test, 143 
Pumps, 157 

borehole, 167 
centrifugal, 157, 242 
efficiency of, 160 
for sewage, 242 
pulsometer, 165 
reciprocating, 157 
rotary, 157 
stereophagus, 242 
unchokeable, 242 

PupUage, 28, 30 
"Pure water," 60, 110 
Purffication by dUution, 271, 274 

by flow. 111, 271, 274 
of sewage, 265 et seq. 
of water, 116 ei seq. 

Putrefaction, 118, 332 
Qualffications, for Medical Officers, 

13,22 
for Sanitary Inspectors, 22, 29 
for Surveyors, 22, 30 

Quality of natural waters, 110 
Quantities, bills of, 47 
Quantity of sewage dealt with by 

contact beds, 330 
dealt with by land, 280 
dealt with by tanks, 300 
dealt with by trickling fflters, 331 

Quantity of water consumed, 135, 
137, 138, 153 

Quaternary System, 102 
SAurrABX ENGINEBB 
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Queen Mary reservoir, 146, 149 
Qmescent settlement, 292 
Quine (Dr.) dustbin, 395 

Ragstone for filters, 318 
Railways, 190 
Rainfall, 96, 423, 424 
intensity, 150, 424 

Rainwater, 60, 100, 113, 135 
Ranworth, 423 
Rapid fflters, 120 
Rate, average per pound, 35 
Rate Collectors, 21 
Rateable value, 13 
Rating, 13 
Ratmg and Valuation (Apportion

ment) Act, 1928, 13 
Rats, 409, 411 
Ray Report, 392 
Reaction, chemical, 62, 256 
Reactivation of sludge, 349 
Reading, 208, 321, 337, 347, 349 
Recovery of by-products from refuse, 

403 et seq. 
sewage, 379 

Refrigerators, 137 
Refuse, 387 

bacterial digestion, 411 
Beccari process, 411 
burning, 412, 416 
calorific value, 416 
collection, 400 
composition, 387 
controUed tipping, 410, 416 
cost of collection, 396, 402, 418 
cost of disposal, 396, 418 
danger from, 390, 400 
definitions, 387 
destructors, 412 
disposal, 409, 417, 419 
Disposal Company, 404 
dumpmg at sea, 409 
dumps, 396 
power from, 416 
pulverising, 411 
quantity produced, 389 
removal by contract, 392, 396 
returns from, 392, 407, 408 
sale of, 392 
salvage, 403 et seq. 
separation, 404 
storage, 394 
tipping on land, 409 
trade, 387, 392, 393 
transmission of disease by, 391 

Regional Water Committees, 134, 136 
Registrar-General's Returns, 15, 205 
Remforced concrete reservoirs, 153 

tubes, 177 
rubber pipes, 179 

Reinstatement of road surfaces, 232 

Rensselaer Polytechnic Institute, 332 
Repayment of Loans, 37 
Rescue kit for sewer men, 240 
Research, 269, 347 
Reservoirs, 56, 145 

American, 148 
British, 147 
covering of, 153 
elevation of, 154 
failures of, 151, 152 
growths in, 163 
London's, 149 
position of, 163 
(Safety Provisions) Act, 1930, 162 
service, 145, 152 
storage, 100, 145 

Resident Engineers, 49, 50 
Resistance, electric conductors, 89, 

169 
water pipes, 82, 89 

Rest level, 108 
Besffits of Samtary Work, 14 
Revenue from water undertakings, 

136, 144 
Review of County Areas, 11, 12 
Rhtetic or Penarth Beds, 103 
Rheumatism, 433 
Rhone, River, 116 
Ribble, River, 355 
Richmond, Surrey, 21, 97, 109, 208 
Virginia, 175 

Rickets, 63 
Ridge-and-furrow tanks, 336 
Riedler's observations on air mains, 

86 
Riparian owners, 58 
Rising mains, 171, 223 
Rivers, a single authority for, 263 

as sources of ŵ ater, 100, 110 
Boards, 110, 355, 429 
functions of, 262 

• natural puriflcation of. 111, 271,274 
pollution, 56, 110, 260, 265 
Pollution Commissioners, 111, 253, 

260, 265, 285 
PoUution Prevention Acts, 18, 261,. 

262, 263, 376 
Rivington, 98 
Rochdale sewage works, 379 
Rochester, N.Y., 129 
Rockefeller Foundation, 27, 32, 435 
Rome, 3, 138 
Romney Marsh, 441 
Romsey, Hants, 248 
Romsley siphon, 76 
Roots and land drains, 437 
Rotary converters, 170 
Rotherham, 261 
Rotifera, 67 
Royal Commission on Coast Erosion, 

442 
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Royal Commission on Local Govern

ment of Greater London, 206 
Commissions on Sewage Disposal, 

256, 264, 267, 272, 279, 313, 314, 
328, 329, 355, 356, 369, 360, 362, 
371, 379 

Institute of Public Health, 26, 32 
Institution, 60 
Sanitary Association of Scotland, 

32, 201 
Sanitary Commissions, 7 
Sanitary Institute, 26, 29, 32, 202, 

401 
Ruhr Federation, 274 

River, 274, 276 
RuisUp-Northwood, 393 
Run-off, 97 
Rural District Councils, 12, 13, 17, 

134, 144 
Exodus, 40 
Sanitary Authorities, 7, 8, 56 
Water Supphes Act, 1934, 35, 57 

Report on, 42, 100, 135, 143 
Ryegrass, 281 

Saddle pieces, 237 
Saggers, for filters, 318 
St. Albans, 411 
St. Lawrence River, 274 
St. Leonards, Exeter, 267 
St. Marylebone, 392, 404, 416 
St. Paul's Cathedral, 232 
Salaries of Medical Officers and Sam

tary Inspectors, 21 
Sale of Food and Drugs Act, 19 
SaHord sewage works, 323, 348, 350 
Salmon and Freshwater Fisheries Act, 

1923, 262, 263 
Fisheries Act, 1861, 262 
rivers, 380 

Salt, 78, 129 
Salt-glazed pipes, 194 
Saltley, Birmmgham, 370 
Salvage of refuse, 403 et seq. 
Samplmg of sewage, 255, 257 
trade wastes, 378 
water, 67, 68 

Sanctions to loans, 39 
Sand fflters for sewage effluents, 318, 

359 
Sandstone, 102 
Sandy Point coast protection, 443 

sewage disposal, 204 
Sanitary Acts, 7, 261 
Sanitary Engineermg, object of, 3 

Inspectors, 21, 23, 29, 38, 191, 237 
Inspectors' Examination Board, 

26, 29 
qualifications for, 22, 29 

Legislation, 4 
Loans Act, 1869, 261 

Sanitary work, results of, 14 
Saprophytes, 66 
Saratoga Springs, N.Y., 310 
Sashweights from old tms, 405 
Scale in boilers, 64 
Scales of ordnance maps, 46 
Scarborough, 46 
Scavenging, 19, 395 
Schaefer-ter-Meer separator, 365 
Schedffies of prices, 48 
Schenectady, N.Y., 80, 177, 407 
Schizomycetes, 67 
Schmutzdecke, 119 
Sciences bearing on work of Engineer, 

vi, 28 
Scotland, consumption of water, 138, 

139 
rainfall, 96 
sandhills, 441 

Screens, for sewage, 275, 279, 285, 291 
fine, 273, 292 

Screw propellers for activated sludge 
tanks, 343 

Screwdown hydrants, 181 
taps, 184 

Scum-slabs, 209, 294, 300 
Sea lettuce, 276 
Sea outfalls, 44, 231, 375, 277 
water, 70 

Sea walls, 442 
Seasonal purffication, 345 
Secondary System, 103 
sedimentation tanks, 304 

Secretary of State for Scotland, 35, 
67, 162 

Sections of sewers, 45 
Security for performance of contract, 

49 
Security of tenure, 22, 30 
Sedimentary rocks, 102 
Sedimentation tanks, 292 
Seeding of sludge, 366, 367 
Seine, River, 120 
Self-adjusting joints, 178 
Separate system, 206 
Septic tanks, 199, 276, 279, 306, 315, 

318 
capacity of, 300, 305 
covering, 306 
destruction of orgamc matter in, 

306 
effiuent, 308, 310 
emptying, 308 
ifflets, 305 
outlets, 306 
scum, 306 
suspended matter in effluent, 307 

Series v. parallel working, 302, 304, 
338 

Service pipes, 55, 183 
reservoirs, 145, 153 
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Settleable solids, 292 
Settlement, 274, 275, 279, 292 
Settling tanks, 338 
Severn, River, 426 
Sewage, bacteria in, 257 

chemistry of, 264 
constituents of, 263 
disposal, 263 et seq. 

works, 212, 282 
choice of site, 206, 282 

farms, 261, 266, 278 
and health, 278 

filters. See Filters. 
hourly variations in flow, 214, 267 

variations in strength, 266 
lifts, 247 
modes of treatment, 282 
purification works, 212, 282 
quantity of, 254 
separators, 291 
sickness, 281 
strength of, 254, 256 
tanks. See Tanks. 
Utilisation Acts, 261 
volume of, 214 
Works Managers, 281, 360, 361 

Sewer, deflnition, 189, 377 
" Sewer gas," 199, 239 
Sewerage, 17, 19, 205 
combined v. separate system, 206 
comprehensive schemes, 205 

Sewers, forms of, 214 
gradients. See Gradients. 
laying and jointing, 231 
lines for, 206 
margins of capacity, 216 
materials for, 230 
oval, 225 
sizes of, 214 
testing, 231 
velocities in, 216 

Shales, 103, 104 
Sheffield, 100, 133, 139, 151, 261, 339, 

373, 404, 425 
Shellfish, 211, 275, 359, 363 
Sheringham, 371 
Shop refuse, 392, 393 
Shoreditch, 397, 416 
Shropshire, 129, 266 
Sight-rails, 195 
Silurian Formation, 103 
Silver (Catadyn), 126, 127, 137 
Simplex system, 341, 349 
Smgapore, 179 
Smgle-pipe system, 201 
Single private drains, 191 
Siphonage, 202 
Siphons, 92 

dosing, 325 
fiushing, 237 
for contact beds, 320 

Siphons, inverted, 227 
Sites for reservoir dams, 146 

sewage works, 205, 282 
Skegness water tower, 155 
Skelmorlie reservoir, 152 
Slate beds, 313, 318 
Slates, 103, 104 
Slaughter Houses, 19 
Sleek, 276 
Slop water, 203 
Sludge, 293, 362 
activated. /See "Activated Sludge." 
calorffic value of, 375 
cost of disposal, 371, 374 
dewatering, 353, 371 
digestion, 249, 306, 361, 365, 371. 
See also Digestion of Sludge. 

disposal of, 363 
drainmg beds, 363, 371, 373 
dumping at sea, 363 
ffiter presses, 364 
friction in pipes, 369 
incineration, 375 
lagoons, 363 
manurial value, 293, 363 
moisture in, 307, 363 
quantity produced, 362, 368 
removal from tanks, 295 

Sludge from softening plants, 130 
Slmce valves, 142, 179 
Sluices, 72 
Small Dwellings Acqmsition Act, 

1899, 9 
Small holdings, drainage of, 203 
Smallpox, 15 
Snow on filters, 322 
Soap, 64 

test, 64 
Social Science Congress, 1869, 278 
Societies, 24 
Society of Engineers, 25 
Soft water, action on lead, 132 
Softemng water, 130 

cost of, 132 
SoU pipes, 194, 199, 200, 241 . 
Solids, dissolved and suspended, 61, 

254 
Soloids, 257 
Sources of water, 96 

Artesian wells, 107 
boreholes, 106 
comparison of, 114 
lakes, 100 
rainwater, 100 
rivers, 100 
springs, 105, 106 
upland gathermg grounds, 96 
wells, 106 

South Dike reservoir, 147 
South Hornchurch, refuse dumps, 

409 
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South Wales, 428 
SouthaU-Norwood sewage works, 304, 

318, 364, 368, 369 
Southend, 424 
Southwark, 411 
Special Areas (Development and Im

provement) Act, 1934, 428 
Special drainage districts, 8 

expenses, 13, 36 
joints for stoneware pipes, 196, 197, 

231 
Specffic gravity, 60 
Specffications, 47, 49 
Spey river, 380 
Spiral-flow tanks, 336 
Spirilla, 65 
Spirophyllum, 65 
Spongidae, 67 
Spores, 66, 128 
Sprmgs, 105, 106 
Sprinkling filters. iSee Trickling ffl

ters. 
Spun iron pipes, 176 
Squeegees, 296 
Stability of sewage, 255 
Stage working, 313, 327, 338 
Staines Reservoirs, 116, 149 
Standard of livmg, 15 
Standards for sewage effiuents, 328, 

355 
for water, 67 

Standing Committee on River Pollu
tion, 270 

Standing orders, 43, 49 
Standing-wave flume, 81 
Standpipes, 156, 181, 184 
Stanford joint, 196 
Stansted, Essex, 247 
Stanton Ironworks Company, 176, 

179 
Start Bay, 440 
Stave pipes, 173 
Staveley Coal & Iron Company, 176 
Steam, discharge into sewers, 191 

engines, 164 
turbines, 165 

Steel tubes, 176, 183 
Steep gradients for sewers, 226 
Stepney, 403 
Stereophagus pump, 242 
Sterihsation of sewage, 273, 359, 360 
of sewer air, 240 
of water, 109, 111, 123, 137 
of water mains, 179 

Stockton, Cal., 224 
Stoddart's distributors, 323 
Stoke Newington, 388 
Stoneware pipes, 195 
Stopcocks, 183 
Storage of water, 116 
Storm overflows, 309, 285 

Stormwater, 206, 254, 283, 360 
tanks, 283 

Strata, 102 
Stream, gauging of flow m, 71 
Stream-line ffiter, 123 
Street refuse, 387, 389, 390 
Street "washmg, 136, 141 
Submerged Contact Aerator, 342 
Subsoil drams, 193 
Subsurface irrigation, 279 
Suction gas, 167 
Suez Canal, 433 
Suffolk, coast of, 440 
Sffiphur compounds, 315 
Sffiphur dioxide, 125 
Sulphuretted hydrogen, 239 
Sulphuric acid, 65, 78, 379 
Superseded works, 141 
Supply of Water in Bulk (No. 2) Act, 

1934, 57 
Sureties, 49 
Surface sources of water, 97, 110 
Surplus acreage, 279 
Surrey County CouncU, 426 
Surveyor, 21, 32, 29, 30, 41, 191, 237 

qualffications for, 22 
Suspended matter in filtered effluents, 

328 
in tank effluents, 304,'307, 314 

Sutton, Surrey, sewage works, 313 
Swimming baths, 127, 136 
Synclinals, 103 
Syracuse, N.Y., 370 
Tandem ejectors, 243 
Tank sewers, 277 
Tanks for sewage: 

aeration, 334, 336, 337 
Candy, 296 
capacity of, 300, 305, 329, 368 
circular, 296, 298 
cultivation, 313 
deep, 297, 329 
detritus, 290 
Dortmund, 297 
effect of temperature on flow, 295 
Fieldhouse, 296 
form of, 294 
humus, 328 
hydrolytic, 311 
Imhoff, 312 
in series, 302, 304 
inlets, 294, 298, 299 
Kessel, 302 
octagonal, 298, 366 
outlets, 294, 298, 300 
precipitation, 292 
Priiss, 296 
rectangular, 294 
sedimentation, 292 

secondary, 304 
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Tanks, septic, 199, 276, 279, 305, 315, 

318 
settling, for activated sludge, 338 
Simplex, 341 
sludge digestion, 365 
stormwater, 283 
triangfflar, 284, 296 
upward-flow, 297, 299, 302, 329 

cellffiar, 314 
Tannery wastes, 335, 376, 378, 380 
Tapping water mains, 183 
Tarry wastes, 315 
Tastes in water, 117, 124, 125 
Tea, 64 
Teddington, 97, 426 
Tees, River, 122, 273 
Temperature, effect on digestion of 

sludge, 367 
effect on filtration of sewage, 322 
effect on flow m tanks, 295, 300 
in destructors, 413, 414 
of earth's crust, 106 
of underground waters, 106 

Tenders, 48 
Tertiary System, 102 
Testing boreholes, 143 

drams, 22, 197 
sewers, 231 
water mains, 179 

Texas, 423 
Thames, River, 67, 97, 98, 100, 117, 

119, 149, 205, 260, 261, 266, 271, 
274, 358, 360, 424, 426 

Conservancy, 349, 356, 426 
Thermal storage, 416 
Thermophilic digestion, 367 
Thirlmere, 100, 147, 160 
Tiber, River, 433 
Tidelocked sewers, 277 
Tides, 277 
Tieton Dam, 147 
Timbering, 232 
Tin-lined pipes, 183, 184 
Tins, 404, 405 
Tinsley, 339 
Tipping tanks, 239 
Titration, 62, 256 
Toronto, 100 
Torquay, 99, 132, 154, 226, 276 
Total solids, 61 
Town and Country Planning Act, 

1932, 428 
Councils. See Boroughs. 
Planning, 9, 10, 12, 19 

Towns Improvement Clauses Act, 
1847, 22, 260 

Trade refuse (solid), 387, 393 
charge for removal, 393 

wastes, 230, 239, 253, 264, 268, 288, 
294, 315, 330, 335, 339, 346, 
376 et seq. 

Trade wastes, classffication of, 381 
recovery of, 379 

Trading services, 33 
Training of engineers, 28 
Tramways, 174 
Transformers, 170 
Trap rock, 104 
Traps, 194, 199, 200, 202 
Treasury, 14, 21, 34 
Trees on gathering grounds, 98, 110 
Treloar Hospital, Sandy Point, 204, 

443 
Trenches, filling, 198 
Trial-holes, 39 
Trias Formation, 103 
Trickling fflters, 330, 334 
Trinity River, 423, 426 
Trowbridge, slate beds, 313 
Tube wells, 113 
Tubercffiosis, 15, 18, 391 
Tumbling bays, 234 
.Tunbridge WeUs, 160 
Turbines, 162 

(steam), 166 
Turned and bored joints, 178 
Turnover m reservoirs, 118 
Tyne River, 106 
Typhoid fever, 15, 66, 112, 114, 115, 

117, 128, 136, 240, 273, 359, 391 
Typhus fever, 16 
Ultra-violet rays, 128 
Viva Latissima, 276 
Unconformities, 103 
Underdramage, 280, 435 
Underground water, 58, 102, 105, 111 

law of, 58 
Unemployment, 34, 426 

Grants, 34, 426 
(ReUef Works) Act, 1920, 426, 427 

United districts, 8, 261 
United States, 72, 100, 120, 128, 137, 

141, 146, 146, 149, 173, 201, 217, 
224, 254, 260, 273, 282, 292, 312, 
318, 321, 323, 333, 334, 335, 338, 
341, 342, 345, 352, 361, 364, 368, 
369, 383, 406, 411 

Public Health Service, 372 
United Water Softeners, 131 
Unwin's formula, 84 
Upland gathering grounds, 96 
Upward-flow cellular tanks, 314 
Urban District CouncUs, 9,12, 13, 181, 

190, 241 
Sanitary Districts, 7, 8 

Urine, 62 

V-notch, 76 
Vacuum fflters, 353, 373, 374 

Kessel separator, 302 
pumpmg by, 247 
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VaUey Gravels, 109 
Variations and extra works, 50 
Velocities, self-cleansmg, 216 
Velocity of flow m aeration tanks, 334 

in air mains, 244 
in drains, 198 
in grit chambers, 290 
in orifices, 72, 228 
in rising mains, 171 
in settlement tanks, 302 
m sewers, 316 et seq. 

Vena contracta, 72 
Venereal disease, 18 
VentUatmg shafts, 240 
VentUation of drams, 194, 199, 241 

of fflters, 322 
of sewers, 239, 240, 241, 277 

Venturi fiume, 81 
meter, 80, 431 

Verdunisation, 126 
VictauUc joints, 178 
Victoria, AustraUa, 218 
V y m w y , Lake, 100, 426 

Wachusett Dam, 149 
Wages, rates of, 44 
Wales, geology, 105 

rainfaU, 96 
Wallasey, swimming-bath, 127, 137 
Walsham Dean reservoirs, 147 
Walton reservoirs, 149 
Wandsworth, 392, 396, 404 
Warwickshire County Council, 426 
Washers, 140 
Washout valves, 183 
Waste of water, 55, 139, 140, 150, 184 

detection, 80, 140 
paper, 405 
pipes, 194, 199 

Water. See also Sources. 
auxUiary supplies, 141 
-bearing formations, 104 
-capacity of contact beds, 320 
closets, 3 
Companies, 55, 58, 59 

Association, 69 
consumption of, 135, 137, 138, 153 
defective taps, 140 
diviners, 102 
foffiing of, 55, 56 
gravitation t). pumping, 115 
grid, 59 
hammer, 95, 162, 179, 184 
" heavy," 60 
iodine m, 128 
mams, 141, 142, 172 
measurement of, 71 et seq. 
metering, 139 
meters, 78 et seq. 
Pollution Research Board, 133, 270, 

272, 383 

Water power, 162 
pressure of, 70, 134, 154, 183 
"pure," 60, 116 
purffication, 116 ei seq. 

coagulation, 119 
ffltration, 118 et seq. 
mechanical, 117 
preffltration, 120 
pressure fflters, 121 
rapid fllters, 120 
sand fflters, 118 
settlement, 117 

quality of natural, 110 et seq. 
rates, 66, 143, 144 
rents, 67, 143, 144 
rights, 68 
shortage of, 67, 97, 105, 140, 150 
softemng, 130 et seq. 
sterilisation by chloramine, 125 
by chlorine, 124 
by copper, 126 
by excess-lime treatment, 126 
by heat, 128 
by light, 128 
by metals, 126 
by ozone, 123 
by sUver (catadyn), 127, 137 
by ultra-violet rays, 128 
co.st of, 124, 126 

Supplies (Exceptional Shortage 
Orders) Act, 1934, 67, 99 

Supply, 17, 66 et seq. 
law, 56 et seq. 
schemes of, 134 

table, 105, 109 
tastes and odours, 117 
towers, 154, 156 
turnover, 118 
Undertakings (Modification of 

Charges), Act, 1931, 67 
waste of, 65, 139, 140, 160, 184 
weight of, 70 

Waterlogging, 433 
Waterworks, 17, 134 
Waterworks Clauses Acts, 65, 56, 180 
Waves in reservoirs, 146 
W.D. Drainage Manual, 198 
Webster process, 360 
Weirs, 75, 430 
Weisbach's formffia, 83, 89 
Wells, 58, 102, 106, 109, 112, 113, 135 

pollution of, 56 
Wensum, River, 423 
Wessex Electricity Company, 171 
West Middlesex Sewerage Scheme, 

205 
West Riding, 260, 281 

Rivers Board, 356 
West Wittering, groynes, 442 
Westmmster, 400, 402, 404 
Wet ground, sewers in, 232 
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Wey, River, 431 
Whisky, wastes from distUleries, 380 
Whitfield Gas Producer, 414 
Whitstable, 312 
Wight, Isle of, 18 
WUlows, 281 
WUtshire, 13, 129, 135, 426 
Wmd, effect on distributors, 323 
Windmffls, 162 
Wirksworth, 108 
Wisbech, 223 
Withmgton, Manchester, 349 
Wolverhampton, 363, 369, 380 
Wooden pipes, 173 
Woolf's process, 361 
Woolscourmg liquor, 379 
Woolwich and Readmg Beds, 102, 104 
Worcester, Mass., 236, 346, 351 
Worcestershire County Council, 426 

Working Classes Dwellings Act, 1890,9 
Works Department, 41 
outside District, 190 

Worthmg sewage, 361 
Wyckoff pipes, 173 
Wymondham, 130, 156, 238, 247 
Yare, River, 423 
Yeast, 258 
YeUow fever, 434 
YeovU sewage, 380 
York sewage, 380 
Yorksffire, 18, 110, 260, 378 
Zeolites, 131, 352 
Zmc, 127, 184 
Zones in sewage treatment, 313, 327 
Zooglcea, 318 
Zooplankton, 67 
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T H E ACTIVATED S L U D G E PROCESS. 

Royal 8vo (10 in. x 6i in.), 325 pp., with 74 illustrations in line 
and half-tone. Price 30s. net (postage Id.). 

Press Opinions. 

" The book represents an enormous amount of research and labour, 
and certainly contains the best collection of data regarding the activated 
sludge process that we have seen. A noticeable feature is that abundant 
references to American experience are made."—The Engineer. 

" Mr. Martia describes and illustrates the sewage plants at Withington, 
Davyhulme, Worcester, TunstaU, Reading, Coventry, Sheffield, Bir-
mingham. Bury, Bolton, Stoke-on-Trent (Hartley's spiral flow), Mil-
-waukee, Houston, Indianapolis, Chicago, Toronto, Essen-ReUinghausen, 
etc. He brings the subject up to date, tabulates results, and devotes 
special chapters to air compression, agitation, cost and its reduction, 
sewage disposal (drying on ash-beds, etc., chemical filtration, and 
flotation), and to future outlooks."—Engineering. 

" The time has unquestionably come when a collection of the best 
authenticated facts in regard to the Activated Sludge Process, which 
now are distributed over a voluminous literature in many countries, 
would be a valuable convenience to those who are engaged in the 
•consideration of sewage processes. It is such a collection that Mr. 
Martia presents in the present handsome volume, and the method he 
lias adopted in dealing with the great mass of material of whioh account 
has to be taken appears to be singularly convenient and effective. . . . 
As a whole it must be said that, while the author has apparently his 
•own opinion and expresses it on occasion, he gives constantly and 
conscientiously the reference to the original source of his information, 
.and quotes the views of the original authors very fuUy. A large 
number of tables and of excellent illustrations amplify the text with 
further essential or convenient data."—Times Trade and Engineering 

Supplement. 
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" Mr. A. J. Martin's notable book on sewage treatment reform is the 
most extensive compilation we have seen so far concerning the progress, 
present position, and prospects of the activated sludge process of sewage 
treatment. Mr. A. J. Martin compresses a mass of scattered information 
from home and foreign publications in a form which is distinguished 
alike for clarity and thoroughness. 'No one can read this book without 
knowing precisely what the author rintends to convey regarding the 
radical change in methods of sewage purification within the past twelve 
or fourteen years. For the most part he relies upon quotations from 
official reports, papers contributed to association meetings, or other 
weU-informed sources, limiting the expression of his OWTI views to results 
which justify a conservative summing up between different methods. 
Advocacy is omitted. . . . The author reviews what is being done by 
mechanical agitation at East Ham, Crossness, Rotherham, Sheffield, 
Bolton, Bury, Epsom, Macclesfi.eld, Preston, Birmingham, Burnley 
and other localities; by the diffused-air system at Coventry, Glasgow, 
Hanley, Hertford, Kemsley, Manchester, Reading, Tunstall, Worcester, 
etc.; and by partial treatment in several localities. In the States, where 
the diffused-air system was worked exclusively, mechanical agitation 
is now coming in for favourable consideration. The facts and flgures 
are so well arranged throughout that the reader can be safely left to 
draw his own conclusions. One conclusion which he is bound to draw 
cannot be questioned anywhere—activated sludge is a permanent factor 
in the treatment of the world's sewage unless something better can be 
found. It is more likely to be improved than displaced."—Municipal 
Engineering, Sanitary Record and Municipal Motor. 

"It is remarkable that, althotigh it is generally admitted that the 
activated sludge system was invented in England, up to the present time 
no text-book dealing wdth the process has been published in this 
country. On the other hand, innumerable reports, papers and treatises 
have been published both in England and in America dealing with 
the matter. It was certainly right, therefore, that an English engineer 
possessing the necessary knowledge and experience, who was at the same 
time entirely disinterested, should produce a text-book worthy of the 
subject. It is also, perhaps, remarkable that the Americans, who have 
shown such activity in the adoption of the process, and who excel in 
the writing of books on technical subjects, should not have been the 
first in the field in publishing a text-book, and on this fact we may 
congratulate ourselves in again holding the lead. One would not wish 
to undervalue the section in their excellent book on sewage and sewage 
disposal, by Metcalf and Eddy, devoted to activated sludge, or to 
underrate the work of other American writers of text-books; but 
admirable as their work is, it is in no way to be compared with Mr. 
Martin's book, which certainly stands quite alone at the present time 
both as a text-book and as a standard work of reference. ... In the 
activated sludge process, sewage purification bas been considered more 
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soientificaUy and at the same time more practically than ever before. 
It has been essentially team work in which the chemist and bacteriologist, 
the mechanical engineer and the structural engineer have worked 
together, but with every advance we see before us a still larger field 
for research."—The Surveyor and Municipal and County Engineer. 

" Careful perusal of Mr. Martin's book leads to the definite conclusion 
that he has fulfilled his task in an admirable manner. The subject is 
treated clearly and exhaustively, and the fact that the author has not 
been actively identified with the development of the process has 
enabled him to deal with the history of the process and what he terms 
the " rival theories " in an impartial and judicial manner which is very 
welcome, though nattirally one finds Mr. Martin is by no means a mere 
recorder of facts and/or of the opinion of others. The book is well 
arranged in spite of the manifest difficulty of avoiding overlapping 
when treating the subject sectionaUy."—The Manchester Guardian, 
Commercial. 

" In this impressive volume, Mr. Martin has collected a mass of 
detailed information concerning plants in operation, particularly with 
regard to constructional details, which should be of suggestive value to 
engineers designing works. . . . Reviewing the work as a whole, it is a 
complete resume of experimental work accomplished chiefiy from the 
engineering and constructional point of view, and as such is a notable 
addition to the literature on the subject."—The Medical Officer. 

" The book furnishes the first comprehensive treatise on the activated 
sludge process—a process for the disposal of sewage—^which has been 
developed during the past fourteen years. An excellent historical 
introduction is followed by a description of the process."—Industrial 
and Engineering Chemistry. 

"Whether Mr. A. J. Martin, M.Inst.C.B., has not done great 
credit to his name in compiling the remarkable amount of information 
in the Ijook just pubhshed, under the title of ' The Activated Sludge 
Process,' price 30s. ? "—Municipal Engineering, Sanitary Becord and 

Municipal Motor. 

" This book is a notable record of the theory and practice of a new 
method of sewage treatment which has arisen dm?ing the past dozen 
years or so. Its outstanding achievement is the successful bringing 
together in a single volume of such experiences from all parts of the 
world. This formidable task of assembling data from all priacipal 
sources has been performed with great pains and accuracy."—American 

Journal of Public Health. 

" This volume of 415 pages, excellently printed and illustrated, brings 
together all the available iaformation relating to the most recent method 
of sewage treatment. ... The volume is one that can be thoroughly 
recommended to aU mimicipal engineers who have to deal with the 
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problem of sewage di,sposal."—Journal of the Institute of Mining and 
County Engineers. 

SEWAGE AND SEWAGE DISPOSAL 

Demy 8vo. 62 pp. Price 2s. 6d. net (postage 2d.) 

Press Opinions. 

" Mr. Arthur J. Martia, Past-President of the Institution of Sanitary 
Engineers and one of our foremost authorities on sewage, has pubhshed 
two Chadwick pubhc lectures, dehvered by him in October, 1929, as a 
pamphlet (London, Macdonald & Evans, 1930, price 2s. Gd. net), which 
is most welcome as a concise and readable account of modem methods 
of treating sewage."—The Medical Officer. 

"Under the auspices of the Chadwick Trust courses of popular 
lectures are given every year in London and other large towns in Great 
Britaia on almost every branch of sanitary science. Two lectures on 
Sewage and Sewage Disposal, delivered last year at the Institution of 
Mechanical Engiaeers, have now been published, and can be recom
mended as a lucid summary of recent progress in this department of 
public health."—The British Medical Journal. 

" This publication is a reprint of two lectures deUvered at the 
Institution of Mechanical Engineers, under the auspices of the Chadwick 
Trust. The author, in his Preface, writes as foUows : ' While m y 
lectures do not pretend to deal with all the technicalities of Sewage 
Disposal, I have endeavoured to set forth its underlying principles in a 
clear and interesting inanner. I have also given a resume of the 
changing ideals which have inspired the treatment of sewage in the past 
and a survey of the great advances which have been made in recent 
years.' W e should like to congratulate Mr. Martin upon the success 
of this endeavour. The book is eminently readable and conveys a 
singularly well-balanced idea of the value of the various processes which 
have been in vogue during the last hundred years."'—Institution of 
Royal Engineers. 

" These two interesting lectures conclude with a thought for the 
future, and we can strongly recommend anyone interested in the 
problem to carefully read Mr. Martin's Lectures."—The Royal Sanitary 

Institute. 
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