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DRAINAGE AND SEWERAGE,

DRAINAGE & SEWERAGE VENTILATION
INTRODUCTION

DURING the last two or three generations attention has in
this country been increasingly directed to the problems
involved in the suppression or abatement of preventible
disease. That attention has not been restricted to professional
sanitarians, whether public engineers or medical officers ; but
has been manifested in greater and greater earnestness by
many men and women of cultured mind and public spirit.
It would be difficult to exaggerate the value of the results
which have already been attained; and it may suffice to
mention such legislative enactments as those which relate to
the registration and isolation of patients suffering from in-
fectious diseases, the regulations as to the custody and care of
infants, those for securing the purity of milk and other articles
of food, as well as of drinking water, and so forth.

There is still, however, one source of preventible disease
which is as insidious as any other, and which has not yet
received the practical attention it required. Itis the purifica-
tion, as perfectly as can be attained, of our drainage and
sewerage systems. This is the subject of the present work,
the result of many years’ investigation and study. When the
published opinions are perused of the numerous authorities of
high eminence on this subject, some of which are reproduced
in the following pages, and when the almost countless in-
stances are considered of “accidents” and diseases directly

B
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traceable to asphyxiation, or poisoning from the gases ema-
nating from drains and sewers (of which a very few examples
are given in Appendix VL), it is hoped that no apology is
needed for any honest effort to ameliorate the condition of
things referred to, by the proposal of a carefully considered
means of obviating or preventing their causes.

So much for the subject of actual preventible disease.
Public feeling, however, nowadays is inclined to go a little
farther than this. It is hardly satisfied by being told by some
analysts of repute that the typhoid bacillus is seldom or never
found in sewage (though if we are to trust the careful experi-
mentation of later inquirers that view is a delusion); nor is
it essential to be able to prove that every foul smell is a deadly
poison.  There may be phenomenal individuals whose
olfactory nerves are impervious or indifferent to the gaseous
products of decomposition ; but to the vast majority they are
intolerably offensive, and have a sinister influence on weak
constitutions or constitutions predisposed to disease. It is
therefore the duty of public sanitary authorities to do all in
their power to abate, and, as far as possible, to prevent the
occurrence of such nuisances in their districts.

The somewhat unusual form in which the matter con-
tained in this volume is presented to the reader, that is to say,
the fact that most of its contents are given under the title of
Appendices, may, perhaps, require some explanation.

The book is, in essence and in intention, an appeal to the
fountain head of authority with regard to the subjects dealt
with ; it therefore begins with an open letter addressed to the
President of the Local Government Board. The information
and considerations supplied in the subsequent sections of the
work are “appended” to the letter in order to relieve it, to
some extent, from controversial details, technicalities, tabular
statements, and diagrammatic descriptions. Those sections,
however, are an integral part of the elucidations of my views,
and most of them are of great importance.

The first Appendix consists of the Paper on the Hydro-
mechanical System of Sewer and Drain Ventilation, presented
by me to the Association of Municipal and County Engineers®

* Now entitled the Institution of Municipal and County Engineers.
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at Liverpool in June 1907, together with some of the dis-
cussion and correspondence which followed it. This, of
course, being the exposition of the fundamental principles
of my proposals, is, perhaps, the most vital part of the whole
work.

After the publication of the Paper, however, it became
evident, as might have been anticipated, that it is hopeless_to
expect to convey a perfectly clear and complete apprehension
of a new system to the minds of those present at a meeting.
There is always a plethora of business to be transacted at such
meetings, and the privilege of addressing one of them—
especially by one who is not a Member of the Institution—is
too valuable to be encroached upon by undue length or
minuteness of detail. This will account for the Second
Appendix, which pursues the investigation into further rami-
fications, and reviews various expedients from time to time
attempted with the object of rendering sewerage and drainage
works innocuous and sanitary.

Appendix IIA consists of a Paper prepared by me for the
Congress of the Royal Institute of Public Health, held at
Eastbourne in July 19o1, and read at that Congress.

The importance of Appendix III. arises in this way. For
many years prior to 1898 the sanitary condition of the sewers
and drains of the Metropolis had been a source of grievous
trouble and anxiety to the various local authorities. Disastrous
explosions (not ail of them, it is true, attributable to sewer
gas), occurred from time to time : and complaints of asphyxia-
tion, sometimes fatal, from poisonous vapours in main sewers
were loud and frequent. To remedy this state of things
recourse was had to open manhole grids in the streets, which
were, as time went on, placed at less and less distances apart.
But that system gave rise to a new and ultimately intolerable
grievance. From all parts of London complaints poured in
to the Vestries and District Boards of offensive emanations
from these openings. These bodies in turn appealed with
increasing vehemence to the Main Drainage Authorities, first
the Metropolitan Board of Works, and then the London
County Council. At length, early in 1898, Sir Alexander
Binnie, then the Chief Engineer of the County Council,

B 2
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determined upon calling a meeting of the Metropolitan Sur-
veyors and Engineers to confer together upon the subject of
the ventilation of sewers. That meeting took place on
February 25, 1898. It was preceded, however, by an impor-
tant meeting of the Association of Municipal and County
Engineers on February 18. These two meetings appeared to
me to constitute a definite and significant epoch in the history
of sewer ventilation, at least as regards the London area. 1
have, accordingly, printed a full Excerpt from the proceedings
of the meeting held on February 18, and following that, the
report of Sir A. Binnie to the Main Drainage Committee of
the County Council, containing the resolutions passed on
February 25, 1898.

The Fourth Appendix is more personal in its inception ;
but it will be found to be strictly germane to the general
subject, and to be of very wide application and of great
sanitary importance. It arose from the publication of an
able and interesting paper on “The Ventilation of Sewers
and Drains,” by Mr. R. Read, City Engineer of Gloucester,
which was read at the meeting of the Association of Muni-
cipal and County Engineers, held at Cardiff in June 1899.
The ability, experience, and influence of Mr. Read made it
seem impossible to pass over such a studied exposition of
views as was contained in the paper referred to. I have
therefore reprinted extracts from it which I hope will be
sufficiently full and explicit to enable my readers to follow
my comments, by which they are succeeded.

Appendix V., Part L, is a description of a drawing showing
in one view all the essential parts of the Hydro-mechanical
System of Sewer and Drain Ventilation ; and Part II. con-
tains illustrations of that system in actual operation.

Appendix VI.is a collection of a few instances of acci-
dents from sewer gas poisoning, and of representations on
that subject by local authorities.

Appendix VII. contains a series of Hydraulic, Hydro-
dynamic, Thermo-dynamical, and other Tables. These have
cost in their preparation an extremely great amount of labour
and attention, but I shall feel well rewarded for my trouble
if they are found, as I believe they are calculated to be, of
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practical use to the Engineering profession for reference in the
course of the performance of their duties. The formula upon
which the Tables are based are supplied in every instance;
and the extremely important Table B is fully illustrated by
concrete examples in detail.

Appendix VIII. gives a set of new Hydraulic Tables.

Appendix IX. consists of an Article in the “ Builder” for
April 28, 1888, by the late John Phillips, C.E., on the “ Ven-
tilation of Sewers ” ; followed by correspondence on the same
subject by Mr. Santo Crimp, M.Inst.C.E., Mr. Easton, and
others. o

Another feature of the book is the very considerable
extent to which authorities on the subjects with which it
deals are cited and discussed. On this a few observations
may be permitted.

In point of fact the sanitary engineers and medical
officers whose names appear in these pages are but a small
proportion of those who have in one form or other given to
the public the results of their experience or experimenta-
tion, and their consequent opinions upon the problems
relating to the sanitation of sewers and drains and their
accessories. The obviaus earnestness of these enquirers, as
well as their number and eminence, shows at once how
serious and how difficult these questions are regarded as
being in themselves, and also how widely spread not only in
the professions concerned, but among the community at large,
is the feeling of their importance.

The able engineers, physicists and bacteriologists, who
have devoted their skill and attention to these subjects, show
a practical unanimity of opinion as to the gravity of the case.
The authors whose views I have cited in the Letter addressed
to the President of the Local Government Board might have
been added to almost indefinitely had not that been forbidden
by considerations of space and the patience of the reader.
But while it is thus uniformly recognised that the Water
Carriage System of Sewerage and Drainage has, from its
inception, brought in its train consequences to which, on high
authority, certain zymotic diseases or provocatives thereto
have been and are attributed; and whilst, in any case, its
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establishment in centres of population has given rise to offen-
sive gaseous emanations to an extent which has often aroused
public indignation, and even some approach to panic; on the
other hand, when the question of a remedy arises we find no
such agreement. On this side of the subject, all sorts of
different opinions have been expressed, and a multifarious
number of expedients and contrivances devised and recom-
mended as more or less sovereign preventives.

I have not abstained from referring to such of these as
are, as far as I know, of any serious importance, or have
carried with them the influence of eminent authority ; and I
trust it will be found that I have given a fair and candid
account of them, and have not hesitated to give them such
credit as I honestly thought their merits called for. On the
other hand, the task I have undertaken necessarily involved
such unshrinking criticism as I have considered instructive
and pertinent.

I now desire to refer to certain personal matters connected
with the work to which I have devoted the greater part of an
active life. I wish to give utterance to the fact that during
that long period, amid many difficulties, disappointments and
anxieties, I have made many good and valued friends, and
have often at critical moments met with comfort and en-
couragement—frequently from unexpected quarters. It is
hopeless for me to attempt now to deal individually with this
topic ; as that would involve a reference to many engineering
and sanitary officers past and present, and other experts, to
a considerable number of members of local authorities, and
many more. To all these, before whose eyes these pages may
pass, I take this opportunity of expressing my cordial friend-
ship and gratitude for their generous appreciation of my
work, evidenced as it has often been by valuable suggestions
and advice.

There remain a few to whom I am bound to express my
special obligations personally ; and the first place among
these must fall to my esteemed and honoured partner, Mr.
EDWIN AULT.

It was on January 2, 1882, that I took Mr. Ault into
partnership; and in announcing the fact in a printed cir-
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cular letter to my friends and patrons I stated: “Mr. Ault’s
thoroughness as an assistant and his abilities and straight-
forwardness have won for him my unqualified confidence and
respect.” ‘

He was my pupil in the first instance, but after serving
his apprenticeship he became my assistant, and acted in that
capacity for many years; indeed, he was with me altogether
about twenty years before becoming my partner.

Meantime his early industrious and tactful habits led him
to study the principles of the various special subjects essen-
tial in his profession as a civil and mining engineer and
surveyor. Even during his apprenticeship he became an
expert draughtsman, and was entrusted with land, railway,
metallic, and coal-mining surveying and levelling ; and after-
wards he, in a modest characteristic manner, utilized some of
his leisure in teaching drawing and other subjects at evening
classes in Brymbo, in connection with the South Kensington
Science and Art Department.

No sooner had Mr. Ault made himself acquainted with
my automatic hydro-pneumatic system of town drainage, and
had realised that the motor force by which it was to be
operated was compressed air, than his loyalty and zeal as an
assistant and his anxiety to render himself as useful as
possible in its development and propagation were shown in
a remarkable way. He promptly undertook the task of
studying the laws and principles of thermo-dynamics, so as
to be able to apply them practically in connection with works
on the Shone system.

He also presented himself at the very first official meeting
that was ever held in this country for the purpose of examin-
ing Mining Experts, who wished to take advantage of the
facilities the Coal Mines Regulation Act of 1872 afforded
them, of obtaining certificates of competency to show that
they were properly qualified to undertake the important and
responsible posts of Colliery Managers. This took place at
Wigan, and as the result of the examinations to which he
subjected himself on that occasion he in due course obtained
the official certificate qualifying him to undertake the manage-
ment of collieries.



8 Sanitation of Drains and Sewers

The Mining Engineering Agency, and other appointments
held by me prior to our partnership engagement, were by the
unanimous consent of all parties concerned transferred to
the firm of Shone and Ault, and we have always retained
our offices in, and our business connections with Wrexham,
where we have reliable representatives (old pupils) pro-
fessionally trained in and well acquainted with our special
work there ; and the consequence is that we still have the
honour, as a firm,to retain the appointments which I held
alone for twenty-seven years—i.e. from 1854 up to the end
of 1881.

Thus the total duration of our association together amounts
to over half a century.

Looking back to the days when the initial stages of my
Sanitary Engineering Reform Work commenced, and reflecting
upon the comparative success that has attended my endeavours
to render the so-called “ English Water Carriage System of
Sewage Removal” (to quote Professor Huxley’s words) “as
reasonably perfect as possible,” I am proud to say that I have
at all times derived from Mr. Ault’s co-operation just that
kind of sterling loyalty and engineering skill and energy that
were needed to enable me to overcome the difficulties I en-
countered from time to time whilst pursuing the tasks I set
myself to solve.’

Mr. Ault was in partnership with me when I began to pre-
pare material for the book I had promised years previously
to write on “Sanitary Engineering.” It was then whilst I
was engaged in describing the House and Town Drainage
Ventilation Engineering methods of the 1g9th Century that I
saw the direct and indirect evil effects that resulted from the
placing of interceptor traps on house drains, which were only
ventilated on the house side of the apparatus; and from that
time forward I began to study the general problem of drain
and sewer ventilation, with a view to evolve, if possible, a
simple and reasonably economical and sanitary system, which
could be successfully applied to the ventilation of soil-pipes,
gravitation drains and sewers everywhere, irrespective of their
sizes, shapes or lengths.

After giving the subject much thought and consideration,
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I came to the conclusion that the 1gth century systems of
ventilating soil-pipes, drains, and sewers were amenable to
important amendments, which could be effected without
making any very material constructive alterations and ad-
ditions to the existing insanitary regime.

I embrace this opportunity to acknowledge my hearty
appreciation of the valuable services of our chief Engineering
Assistant, Mr. ALFRED HANSSEN, Assoc.M.Inst.C.E., Past
President of the Civil and Mechanical Engineers’ Society,
during a period exceeding a quarter of a century. Endowed
with high abilities and culture, and possessing a thoroughly
sound knowledge of his profession, he has ungrudgingly
devoted those gifts to the performance of the responsible
duties of his office. My partner and I have found his assist-
ance invaluable in our works of designing and superintending
the construction of the Shone Drainage and Ventilating sys-
tems, and in waterworks and other undertakings.

I also desire to express my sincere gratitude to Mr. T. C.
Walrond, A.M.Inst.C.E., etc, who acted for some time as
one of our chief assistants, for the valuable help which, in
conjunction with Mr. Ault and Mr. Hanssen, he rendered
to me in the preparation and completion of the highly
technical Hydraulic Tables appended to this book.

I have referred above to our business connexions in
Wrexham, and to our representatives there. Without them
the retention and safeguarding of the interests of our clients
might have been very difficult. Accordingly we have been
served at Wrexham, as assistants for many years, with great
zeal, assiduity and fidelity, by two of our old pupils, Mr.
J. Price Evans and Mr. John H. Edwards, both Members of
the Institute of Municipal and County Engineers. Mr. Evans
was a pupil from February 1874 for four and a-half years;
he then acted for a year or two as Mining Surveyor to
Plas Power and OIld Broughton Collieries, and after that
for some five years in a similar capacity at the Carson Iron
Works and Collieries in Scotland. At the end of that
term (viz. in December 1882) he returned to our service,
and has been with us since, as our chief representative at
Wrexham.
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Mr. Edwards became our pupil in 1890, and, after a service
of four years under the tuition of Mr. Evans, became our
assistant. He is still associated with us and with Mr. Evans,
who for eighteen years past has acted as the Engineer for the
Wrexham Rural District Council. The loyal services of
these two excellent assistants has been a valuable help to
their principals.

Engineers and patentees of experience will realise that in
modern times, at any rate, the inventing and patenting of any
process, device, or combination, is only the first infantine step
towards its growth and maturity. Every new process requires
thorough testing, and submission to the judgment of those
who are competent to estimate its merits, its utility, and its
commercial value. It requires, moreover, active support and
publicity, and the bringing to bear of such influences as wili
tend to overcome the apathy and the indifference of the
public and the instinctive dread of novelty which is so
generally met with in these cases.

Such was the lot to a great degree of the Shone System
of Town Drainage. The funds of the small private company
which I formed to develop and work it were found to be
absorbed sooner than was anticipated, and while much
remained yet to be done to place it before public authorities
and their engineers in such a practical form as to enable them
to appreciate its special claims and merits.

It was in these circumstances that Messrs. HUGHES AND
LANCASTER, the well-known firm of Engineering Contractors
of Westminster and Ruabon, came forward. Arrangements
were made for the transfer to that firm of the powers and
interests of the Shone Company, so that they became the sole
licensees for the manufacture, sale and use of the apparatus
required for operating the Shone System of Drainage. Messrs.
Hughes and Lancaster lost no time. They at once applied
themselves to the manufacture of ejectors, air-compressing
machinery, and all the accessories needed for both. They
likewise undertook to supply and fix installations for corporate
and other sanitary authorities. This energy on their part
rendered the task of bringing the system under public notice
much easier and more expeditious than would otherwise have
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been the case.. It enabled experimental or test exhibitions
to be made, and arrangements effected for describing and ex-
plaining the method to competent judges.

This zeal, amounting almost to enthusiasm, on their part,
and based on a firm faith in the sanitary and hygienic virtues
of the systems, was exemplified in a striking manner under
the following circumstances.

A gravitation drainage scheme of considerable magnitude
was proposed to them to carry out as contractors, but, finding
that the conditions of it were unsatisfactory from a sanitary
point of view, rather than risk their reputation as a firm
identified exclusively with work of a high sanitary character,
they declined the proposal.

It is a source of real pride to me to add that the enterprise
and confidence they then displayed, coupled with their high
integrity and business capacity, has been well rewarded.

Their advance in standing and eminence as manufacturing
mechanical engineers and contractors has been contempora-
neous with, and has, as it were, marched side by side with the
growing reputation of the Shone System, with which they, as
the practical executants of my patents, are as closely and
widely identified as my own firm. They have in the mean-
time had a large and varied experience in the carrying out of
contracts for drainage and water supplies, not only of a
special, but also of a general character.

Not only are the foregoing statements true, but it may
further be said with full confidence that, in the capacity of
contractors and manufacturing engineers of all the multi-
farious and special works connected with the Shone System
of Drainage and Sewerage, they hold a unique position, and
one which is, and in my judgment must remain for many
years to come, above the reach of rivalry. And the reasons
are these: Like all inventions dealing with large and com-
plex works, the Shone System has, from time to time, been
found to be susceptible of improvements in a great number
and variety of matters of detail, and it has been deemed
desirable to protect all these by obtaining letters patent in
respect of them. With all such improvements, of whatever
description, it need hardly be said that Messrs. Hughes and
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Lancaster, as the manufacturers thereof, have always been
thoroughly familiar.

It is therefore with pleasure, as well as with gratification,
that I seize this occasion to say that such measure of
success as has attended the System, since its initiation, is
materially due to their able and generous co-operation, and I
cannot close these remarks without paying a special tribute to
the sympathetic assistance and invaluable, though unpreten-
tious, advice and direction that have always been exhibited
by my friend, Mr. John Hughes, the senior partner in the
firm, whose portrait I have taken the liberty, without his
knowledge or consent, of presenting herewith to the Reader.



To
The Right Honourable JOHN BURNS, M.P.,
President of the Local Government Board.

SIR,

As the head of a great department of State—a depart-
ment which, at least from the point of view of the public
health, probably transcends all others in importance, I venture
to place before you and to call your attention to the accom-
panying Papers, bearing upon the momentous question of
sanitation Their object and purport are twofold. First, to
indicate what in my humble judgment are the causes that are
responsible for the existence at this time of day of so much
preventible disease, and, secondly, to suggest what I regard as
the proper sanitary engineering measures to be taken to
remove those causes, or very greatly diminish their evil effects.

2. I had the honour and pleasure of being present on the
19th of May, 1906, at the Meeting of the Incorporated
Association of Municipal and County Engineers in the Council
Chamber of the Borough of Battersea, when you delivered to
the Members assembled a most eloquent, important and en-
couraging address ; and I was exceedingly glad to find after-
wards that the official report of your address had been printed
on pages 213-220 of Vol. XXXII. of the Proceedings of that
Association. Speaking, as you were, in the Metropolis, you
rightly and with justifiable pride indicated the vast and grow-
ing improvements in the conditions of life which London has
seen in the past generation, and stated with perfect truth that
the present generation are sincerely desirous of continuing the
good work and of achieving, so far as their means and know-
ledge permit, still more satisfactory results. You also pointed
with equal appropriateness tothe extremely gratifying progress,
from a sanitary point of view, of your own borough of Battersea,
where, while the population has in thirty-five years “grown
from 54,000 to 175,000, “the death rate in that period has
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dropped from 26 to 14 per thousand.” You added that, “what
is more, infantile mortality has dropped, in ten years only,
from 176 per thousand to 131 per thousand.” And you con-
cluded your address with a few impressive words of exhorta-
tion and encouragement: “I ask you not to lose faith in
the greatness of your profession, in your sanitary aims and
municipal ideals. If the average ratepayer would only rise to
the level of the ordinary engineer . . . we could have in the
next generation an average death rate of not more than 10 or
12 per thousand everywhere, and we ought to-bring down the
infant mortality in poor streets from 200 and 250 to 100. All
that is needed is money, and if that money is granted, your
profession will endeavour to give value to the ratepayers, and
you will add to the comforts, pleasure and well-being of the
ratepayers, whose guides, philosophers and friends you are.”

Sir, the aspirations to which you then gave expression
have long been felt by me, and it has long been my ambition
to do what lies in my power, and is within the compass of such
qualifications as have been vouchsafed to me as a sanitary
engineer of long standing and exceptional experience, towards
the realisation of those hopes. If, then, I can trespass upon
your forbearance to give a perusal to the following pages, I
am sanguine that you will find my observations and sugges-
tions worthy of attention from the point of view of the further
and more effective prevention of the causes and incentives to
disease, which arise from the defects and drawbacks still
existing in the sanitary systems which prevail in various parts
of the country.

It is reasonable, however, when a private individual
approaches the head of a great Department of State, in the
manner in which I am bold enough to do, that he should come
with some credentials ; that he should furnish at least prima
Jfacie evidence that he is acquainted with the subject which he
proposes for consideration. This will be my apology for
inflicting upon you some particulars of my career.

3. I was born on the 30th of April, 1836, at Brymbo, near
Wrexham. I was educated partly in private, and partly in
public schools. When my school days were ended, my father
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placed me as a pupil in the office of Mr. Samuel Jones, the
colliery manager to the Brymbo Coal and Iron Co., who was
also the mining engineer to the Westminster, Broughton and
Ruabon Collieries.*

Whilst I was serving my apprenticeship to Mr. Jones, I
was privileged to assist my late grandfather, Mr. Thomas
Hughes, who was then, and had been for twenty-one years
previously, the local Mining Agent and Surveyor in the
Wrexham district to the late Marquis of Westminster, to
survey the Westminster Collieries, etc., for royalty and other
purposes ; and on the death of my grandfather, which occurred
during my apprenticeship, the late Marquis, at a special inter-
view I had with his lordship at Halkyn Castle, did me the
honour to appoint me to succeed him in 1854.

This appcintment I also had the honour of retaining during
the lifetime of the late Duke of Westminster, and I am proud
to state that I still hold it under the present Duke. Thus my
grandfather and I have rendered to that ducal house a con-
tinuous service extending over seventy-six years.

My marriage took place in 1861, and then it was that I
became a ratepaying citizen.

I took offices in Wrexham with the twofold object of con-
ducting my agency business, and of practising my profession
as a Civil and Mining Engineer and Surveyor. I continued
to reside in Wrexham till 1884, when I removed to London,
where I have lived since. While residing in Wrexham, how-
ever, I was elected to perform public functions in several
capacities, viz. : on the School Board, the Board of Guardians,
and finally the Town Council. For some time before, and whilst

* In view of the particular subject of this book, it may be worth while to
mention the following facts : The very first piece of work to which my ¢ ’prentice
hand ” was put in Mr. Jones’s office was to make a tracing of a drawing of Struve’s
patent mine ventilating apparatus, which had just been installed at the Westmin-
ster Colliery. 1 also witnessed the first installation in North Wales (namely, at the
Westminster Colliery) of air-compressing machinery for use in mining work, and
after my apprenticeship I was present at the inauguration, in the Vron Colliery
(with which I was officially connected), of the Goldsworthy steam-jet appliance for
ventilating coal mines; a method which, some readers may remember, was
experimentally adopted by the City of London Commissioners of Sewers for the
ventilation of some extremely foul sewers in the City during the disastrous

epidemic of 1848-9, when 14,137 deaths from cholera alone took place in London
~—the population of which in 1851 was 2,361,640.
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filling these offices, my attention was called to important
questions relating to public health. As a member of the
Wrexham Corporation I had opportunities of seeing how
house and public drainage works were being sanctioned and
carried out ; and having in my mining engineering acquired a
practical knowledge of hydraulics and pneumatics, I soon
began to see that there was room for reform in connection
with house and town drainage works in particular. This in-
duced me to begin the study of sanitary engineering drainage
questions ; and I became at the same time an ardent advocate
for systematic street improvements and town-planning
generally. In 1876 I wrote and issued a pamphlet entitled
“ Wrexham : its Present Sanitary Condition, with Comments
on the Past, and Suggestions for its Future Development and
Improvement.”

Subsequently I wrote a pamphlet advocating town im-
provements, which was illustrated by plans and sections to
show street, road, and river amendments which 1 advocated,
and copies of that pamphlet were sent to all the officials and
members of the Corporation. Some of the improvements
therein suggested have since been satisfactorily carried out,
though, as invariably occurs, not without opposition.

For these and other services, the members of the Cor-
poration of Wrexham conferred upon me the highest honour
in their power by electing me Mayor of the town for 1878-q.

4. The studies I thus pursued, and the practical experi-
ence I acquired, of the various methods in use for draining
and ventilating metallic mines and collieries, and my know-
ledge of the different uses to which compressed-air power
was put, such as rock-drilling, mine-pumping, hauling and
winding, etc., etc., led in the end to my formulating and
patenting on the s5th of September, 1878, the Sectional
Automatic Hydro-pneumatic System of House and Town
Drainage, which bears my name, and which I am glad to
think is now widely known in this country and abroad.

5. On the 3rd of October, 1878, I read a paper on that
system at the Congress of what was then called the “Sanitary
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Institute of Great Britain "—which has since changed its
name to that of the *“ Royal Sanitary Institute.”

Lieut.-Col. Jones, V.C,, M.Inst.C.E.,, F.R.S.I., etc., the
eminent sewage irrigationist, who is employed by H.M.
Government, publicly said of that Congress, that it would be
specially conspicuous in history because of the fact that it
was at that Congress that my paper explanatory of the
superiority of the Mechanical Hydro-pneumatic System over
ordinary natural gravitation drainage in flat and low-lying
villages, towns and districts had been read.

6. To enable you personally to appreciate the fact that it
is impossible for engineers to drain flat habitable areas on
true sanitary principles without having recourse to mechanical
power of some sort, I have prepared a drawing (No. 1, Fig. 1,
with full explanatory reference thereof at foot) showing a
sectional perspective view of an ejector station in brickwork
in course of construction, with two hydro-pneumatic ejectors
(E, and E;) placed in position in it. The printed reference
will help you to see not only what an ejector station is like,
but what the apparatus contained in it and connected with
it are like also. You will please suppose that the ejector-
station portrayed in the drawing is built in or near to the
centre of a flat drainage area, and that it is sunk below the
surface of the ground at a point where four streets converge,
as exemplified by the plan on Drawing No. 2; and that the
ejectors are operated automatically from one single power
station by air compressed to any required pressure. Fig. 2
on Drawing No. 1 shows the interior of an ejector station with
the various apparatus fixed in iron tubbing, which is preferable
to brickwork where the ground is soft and water-logged.

By adopting this simple plan, sanitary engineers can
always secure, for their gravitation collecting sewers, the
gradients which are essential to their being kept in a self-
cleansing condition.

Forexample,in the manhole marked A, adjoining the ejector-
chamber, four separate street sewers (marked in both section
and plan 1, 2, 3 and 4) converge. As the crude sewage flows
out of each of these sewers into the manhole, it passes along

C

How the
Shone System
is Operated.

Drawing
No. 1, Fig. 1.

Drawing
No. 2.
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on the inverts of the channels, shown on the floor of the
manhole-chamber, and flows into the cast-iron pipe marked s,
and thence into the ejectors. The moment the one or the
other of the latter is filled with sewage, that moment com-
pressed air automatically pounces upon the surface of the
contents of the ejector, with the result that in half a minute,
more or less, the whole charge of sewage is forced out of it,
into the cast-iron pipe marked g, through which it is dis-
charged direct to the point of outfall, wherever that may be.

It is obvious that by the adoption of this plan, flat, low-
lying town areas can be divided into as many sewage drain-
age sections, as may be necessary to insure the laying of self-
cleansing sewers within each separate drainage area. To
carry out this simple plan, all the sanitary engineer has to do
is to take care that the gravitation sewers, which are intended
to convey the sewage to the ejectors, shall be adapted to the
work they have to do; in other words, that they shall be
adjusted in size, and graded so that the sewage discharged
into them from the house-drains shall flow freely by gravita-
tion into and through them at a velocity of not less than
2} ft. per second, which is the minimum velocity universally
acknowledged, in England, at least, to be necessary to render
drains and sewers self-cleansing.

7. The system thus briefly described is capable of indefinite
expansion or limitation, according to the requirements of each
case. It operates with equal efficiency, however near or how-
ever distant any one ejector station may be from any other,
or however near to or distant from the air-compressing station
any of them may be, and whether the compressed air is applied
to only one or to any number of ejectors in combination.

As examples of the remarkable elasticity thus claimed for
the system, it may suffice (out of a great number of cases) to
point out that it has been applied and is now in operation, on
the one hand, at the Houses of Parliament, at the National
Liberal Club, at the New Victoria Station, and at Sir Weetman
Pearson’s offices in Parliament Street (formerly the White-
hall Club),and the Automobile Club in Pall Mall, etc.; and, on
the other hand, it serves from a single air-compressing station
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such large town areas as Eastbourne, Gosport, Norwich,
Southampton, Felixstowe, Bombay, Rangoon, Wallingford,
and Karachi. It was also applied on a large scale for the
drainage and the discharge of the sewage and other waste
liquids of the great Exhibition at Chicago, at which the
automatic sewage receiving and ejecting stations provided
were distributed about, and they numbered twenty-five in all,
and the compressed air required to work them was com-
pressed at one air-compressing power station erected in a
central part of the building, which was sufficient to compress
air enough to eject the waste liquids of a population number-
ing about 800,000, i.e. if the volume discharged into the
drainage system installation there did not exceed on the
average 20 gallons per head per day, which it did not.

8. The districts which are specially suitable for treatment
by the Shone Drainage System are those which are flat and
low-lying, whose natural configurations are adverse to drain-
age by gravitation, or those which do not possess facilities for
disposal of the effluent, without transport or pumping, or both.
To emphasize this as part of the subject, and to illustrate its
importance, I prepared in 1879 a Hydraulic Table, showing
the gradients at which drains and sewers, ranging from 4 to
18 inches in diameter, should be laid so as to render them
self-cleansing. The Table also shows the quantities of waste
liquids discharged by the pipes running full bore, allowing 1§
or 25 gallons per head per day, and specifies the population
for which in each case the conditions would be suitable.
This Table received the approval and commendation of a
number of eminent sanitary engineers, including the late
Sir Robert Rawlinson.

9. At a later period, in 1887, I directed the preparation of Tables.
additional and improved Hydraulic Tables for the use of
Municipal Engineers and Surveyors, and Sanitary Engineers
generally. They are applicable for reference when designing
either house-drainage or town-sewerage works, whether on a
gravitation plan or on any system involving the conveyance
of sewage under pressure by mechanical means. To these

cC2
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were added compressed-air tables, so arranged as to show at a
glance what theoretical and practical efficiencies are obtain-
able from the direct employment of compressed air to lift or
force crude sewage to any required height and distance on the
Shone Ejector System.

These Tables will be found in Appendix VII. to this
volume. They are there described seriatim, and the hydraulic
and thermo-dynamical formule, on which each is based, are
prefixed thereto.

10. In 1878-9, when I was Mayor of Wrexham, by way of
giving a practical ocular demonstration to Medical Officers of
Health, Municipal Surveyors, Sanitary Engineers and Archi-
tects, and the public generally, of the feasibility and working
practicability of my system, I sank an ejector station on
Lieut.-Colonel Jones’s Sewage Irrigation Farm at Hafod y
Wern, which he held on lease from the Corporation of Wrex-
ham ; and I also had manufactured for my experimental tests
an automatic sewage-ejector of 300 gallons capacity,and a small
portable 4-h.p. steam engine air-compressor to work it. The
ejector was placed at a point a few feet below .the main
outfall sewer, which carried the Wrexham sewage to Colonel
Jones's farm. The air-compressing machinery was placed at
the edge of the town 1600 ft. away from the ejector station—
the air being conveyed from the compressing engine to the
ejector in iron pipes of small bore. I also had constructed
and laid a concrete pipe sewer 2 ft. in diameter, which was
laid near to, but some 20 ft. above the ejector, at right angles
to the iron sewage delivery pipe of the ejector ; this latter was
made to communicate with the sewer firstly, and afterwards
it was extended beyond it up the side of the hill until its
outlet end was 35 ft. above the ejector, which was the highest
point on Colonel Jones’s farm. When these arrangements
were complete, the machinery was set to work, and afterwards
a part of the rough unscreened sewage, as it passed down the
Wrexham outfall sewer, was diverted and turned into the
ejector, and was by the latter received and ejected, sometimes
into the concrete sewer, and sometimes to the highest point on
the farm, where it was utilized for irrigation purposes. The
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accompanying Drawing No. 3 shows, by plan (Fig. 1), in
what part of Wrexham the experimental works were carried
out, and it also shows to scale the relative positions of the
various parts of the works described above; and by the
section (Fig. 2) it further shows in profile the surface of the
land under which the ejector station was sunk, and the con-
crete sewer and the iron sewage delivery pipes were laid.
The object of ejecting the sewage into the concrete sewer was
to demonstrate the usefulness of the apparatus for collecting
sewage from sewers laid in low-lying building areas, and after-
wards ejecting it automatically, as fast or as slow as it was
discharged by the population, into intercepting sewers; and
the act of ejecting the sewage to the highest point of the farm
was intended to demonstrate the extreme convenience and
effectiveness of compressed air power when used in conjunction
with ejectors to force sewage out of them (whether to low or
to high lifts), by direct pneumatic pressure, with one frictionless
blow, as it were, instead of pumping it in the ordinary way,
and thereby causing the iron pistons and valves of the pumps
in contact with the sewage to make ten or twenty strokes per
minute for one of the ejectors.

The Duke of Westminster, accompanied by Sir Robert
Cunliffe, Bart., did me the honour to inspect the experimental
works, and both expressed themselves highly pleased with the
working of the apparatus.

His Grace, be it said, was characteristically a devout
believer in whatever tended to render the dwellings, whether
of rich or poor, healthy and sanitary. And I recollect his
presiding at a meeting in Chester, when the Rev. Henry
Ward Beecher, a very well-known Congregational clergyman,
and minister of the Plymouth Church in Brooklyn, delivered
a lecture on the “ Waste of Life.” In the course of this he
mentioned that on one occasion he attended the funeral of a
friend’s child. As often happens in such cases, some of the
people began to talk of the mysterious dispensations of
Providence in taking away the life of a beautiful healthy child
so suddenly and unaccountably. But the minister said that
“ Providence had nothing whatever to do with the child’s death ;
it. was entirely due to there being rotten apples in the house ! ”

Drawing
No. 3.
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11. The practical tests described above were carried on at
my expense for months, and I had the pleasure of receiving
many communications, verbal and written, as to the successful
working of this experimental installation, a few of which
(together with testimonials from Chicago and Arad) I take the
liberty of appending as an addendum.

12. The Philosophical Society of Glasgow did me the
honour to invite me to read a paper before that Society,
which I did on the 26th February, 1880, and which was
entitled “Scientific and Sanitary wersus Unscientific and
Unsanitary Sewerage and Drainage, with an Exposition of
the New Pneumatic Sewerage System.” The paper was well
received and discussed, and it was afterwards, with the ap-
proval of the Society, reproduced in a modified form and
published as a pamphlet by Messrs. E. & F. N. Spon.

12 (a). This event had important consequences. The
pamphlet fell into the hands of the late Mr. O. D. Clark, the
Engineer to the City of Rangoon, who had already in hand a
carefully-prepared and well-matured gravitation scheme for
the drainage of that town. On perusing my pamphlet, how-
ever, he was impressed with the apparent adaptability of such
a system to the special circumstances of Rangoon, which is
a tide-locked town, practically flat and only a few feet above
sea-level. He therefore explained to his Council the ad-
vantages possessed by automatic sectional town drainage as
compared with ordinary gravitation. The result was that he
was deputed by the Municipality to visit England and enquire
into the working of the system there. His investigations and
reports had the effect of deciding the Council to obtain from
my firm, in consultation with him, a project for the drainage of
Rangoon on the Shone System. Accordingly the necessary
preliminary plans and drawings, together with a report and
estimates, were prepared by my firm and in due course sub-
mitted to the Municipality, and these were, with some slight
alterations, approved by that body and by the Local Govern-
ment of India.

The estimated cost of the scheme was £187,035; but the
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eventual cost incurred was £175,000, the contractors being
Messrs. Hughes and Lancaster.

A section of the works was formally opened on the
23rd December, 1889, by the late Prince Albert Victor, amidst
rejoicings on the part of the Burmese people generally, and of
the European and other inhabitants of Rangoon in particular.
I must not omit to state here that my partner, Mr. Ault, was
really the responsible Executive Engineer in charge of the
whole of the works during their construction; and that he
did his work well is evidenced by the fact that when, in 19053,
new drainage and water-supply extensions became imperative,
and were decided upon, he was selected by the Municipality
to be the “ Special Engineer” to design them. These latter
involved the making provision for the drainage and water-
supply for quite half a million more people than were pro-
vided for in our original drainage project; and therefore the
designing, planning, specifying and estimating the cost of
such works necessitated much study and hard work and
occupied over three years of Mr. Ault’s personal time and
attendance in Rangoon.

It may be truly said that the adoption of the Shone
System of town drainage in Rangoon in 1889 brought about
a revolution in the art and science of sewage drainage in the
East.

In other words, by the adoption of the system in the chief
commercial town in Burma—thanks to the truly progressive
spirit and sanitary enginecring enterprise of the Rangoon
Municipality and the Local Government of India, which were
energetically backed by the late Secretary to the Rangoon
Municipality, Mr. John Short—the policy of designing and con-
structing defectively graded and unnecessarily large and
costly insanitary sewers of deposit in flat districts, especially
in India, was put an end to, as I believe, for all time.

The successful working of the system in Rangoon attracted
the attention of the Karachi and Bombay and other Indian
Municipalities, and in due course, after consultation with my
firm, these municipalities adopted carefully prepared drainage
schemes on the system, after such schemes had been approved
of by us.
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12 (b). The preliminary drawings, relating to the first
Karachi installation were taken in hand in 1890, but the
works, which included six separate ejector stations, were not
completed till the beginning of 18gs, the Engincer being
Mr. James Strachan, C.I.LE, M.Inst. C.E,, who prepared an
interesting paper descriptive of the works for the Institution
of Civil Engineers, which was published in Vol. CXXXV. of
the “Proceedings.” Mr. Strachan designed a second instal-
lation on the system before he left Karachi, but as he did
not rcturn there, his successor, Mr. James Forrest Brunton,
M.Inst.C.E.,, designed and carried out new extension works
on lines similar to those which Mr. Strachan before he left
thought were suited to the growing wants of Karachi.

Mr. Brunton also prepared a paper headed “ Notes on the
Working of the Shone System of Sewerage at Karachi,”
which was read and discussed at the Institution of Civil
Engineers on the 24th January, 19os, which appears in
Vol. CLX. of the “Proceedings” of the Institution, and which
elicited highly interesting and instructive discussious and
correspondence. Mr. Strachan in his written communication
commenting on the paper complimented its author as follows:
“Mr. Brunton was deserving of the thanks of all sanitary
engineers who wished to understand toth the practical and
the scientific aspect of the Shone System.” And the report
of the introductory remarks in Mr. Strachan’s communication
were especially gratifying to me personally, as they read as
follows :—-

"Mr. James Strachan stated that the efficiency-tests which he had
caused to be made when he was the Municipal Engineer of Karachi
had been very carefully conducted, and that to the best of his know-
ledge the results were correct. Before advising the adoption of the
Shone System in Karachi he had made numerous inquiries as to its
mechanical and sanitary efficiency ; and this at a time when, as he
believed, its merits for water-borne sewerage on sanitary principles
were largely under-estimated, and when sanitary engineers who had
no practical knowledge or experience of the working of the system
alleged that the mechanical efficiencies of the ejector apparatus and
their accessories were absurdly low compared with high-class pumping
machinery. Then, as now, some engineers were in favour of sub-
stituting hydraulic, electric or vacuum power for town and district

Mr. Strachan.
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sectional sewerage works, adhering, however, to the Shone automatic
principle. But he had believed then, and still did so, that the com-
pressed-air method, as utilized in the Shone System, if only the works
were correctly designed and properly executed and maintained, would
always prove to be more economical and better adapted for the
automatic and sanitary collection and ejection of sewage within flat
or low-lying districts than any of the other systems named.

On the 19th June, 1879, a meeting of engineers, surveyors,
and medical experts and others took place at Wrexham for the
purpose of viewing the sewage ejecting works on Colonel
Jones’s Farm. This meeting was convened under the auspices
of Dr. Lory Marsh, and after the inspection, at a large
meeting of influential sanitarians held in the Town Hall, the
ejector system was, without a dissentient voice, approved of,
as may be seen by a reference to the August (1879) number
of the “ Sanitary Register.”

13. Again, on the 21st June, 1879, a district meeting of the
Lancashire and Cheshire Association of Municipal and Sani-
tary Engineers was held in Wrexham under the Presidency
of the late Mr. Edward Pritchard, M.Inst.C.E. The works on
Colonel Jones’s farm were duly inspected and afterwards
favourably discussed in the Town Hall by several of the
gentlemen who were present, including the President himself,
who said, amongst other things :(—

“ Nothing had been said so far against it, and he was
desirous that someone would have raised some abstruse ques-
tion that would have troubled Mr. Shone, but it appeared
to have been so well thought out by him, that, if anything,
he had not said quite sufficient in its favour.” (Vide page
169, Vol. V. of the *“Proceedings” of the Association of
Municipal and Sanitary Engineers.)

14. In 1880, the experimental works at Wrexham were
also inspected by the late Duke of Devonshire’s engineering
agent at Eastbourne, the late Mr. George A. Wallis, ].P.,
M.Inst.C.E., who was afterwards the first and the second Mayor
of Eastbourne; by the late Duke's architect, the late Mr.
Henry Currey, F.R.I.LB.A,, and by the then Surveyor of the
Local Board of Eastbourne, the late Mr. Charles Tomes, C.E.
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15. The visit to Wrexham of the gentlemen named
resulted in my being officially requested to prepare a scheme
for dealing with the sewage difficulties existing in Eastbourne
at that time, in consequence of the main sea outfall sewers
failing to discharge either the dry or the wet weather flow of
sewage into the sea at all stages of the tides. The first
scheme I submitted was adopted. It was one for ejecting
1250 gallons of sewage per minute as a maximum into the
sea during high-water spring tides, and I was appointed the
engineer to carry it out. The works, after completion, gave
so much satisfaction that a second installation, for the drain-
age of the Devonshire Park property, was decided upon, and
executed at the late Duke of Devonshire’s expense. The
ejector station in Devonshire Park is over two miles distant
from the power station. After the first ejector station had con-
tinued to work satisfactorily for some time, the question fre-
quently mooted in those days among municipal surveyors,
engineers, and others, as to the feasibility of transporting com-
pressed-air powerto long distances,without anyappreciable loss,
was satisfactorily answered in a thoroughly practical manner.
From time to time additional ejector stations were added in
Eastbourne, and it is no exaggeration to say that thousands
of people from all parts of the world, interested professionally
and otherwise in sanitary science, have visited that celebrated
seaside resort expressly to inspect them.

16. The successful working of the Eastbourne installation
attracted the attention of Medical Officers of Health, Municipal
Engineers and Surveyors, and Mechanical and Sanitary
Engineers. They were enabled to witness for the first time
air-compressing machinery doing its work of creating motive
power, the field of operation of which was at a distance of
11,200 ft., or 2 miles 213 yards. Three Shone ejectors, at that
distance from the air-compressing station, were automatically
filled with crude sewage from the gravitation outfall sewer on
the town side of the ejectors. Whenever the level of the tide
prevented the free flow of sewage by gravitation into the sea,
it was diverted into the ejectors by a hand-worked penstock.

These ejectors were designed to receive and eject auto-
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matically a maximum quantity of 1250 gallons per minute
when high-water spring tides prevailed ; and this they accom-
plished and more, as was_proved by actual tests, to the entire
satisfaction of everyone concerned. This latter fact cannot
be better evidenced than by stating that to meet the require-
ments of the increased, and increasing, population additional
ejector stations and further air-compressing machinery have
been from time to time provided at Eastbourne.

17. Now, although when the ejector system was first
started all engineers acquainted with pumping could estimate
the efficiency of ordinary steam-pumping machinery, it was
not so easy for them to estimate the efficiency of a Shone
ejector, as the necessary data for that purpose were not then
available to them. This circumstance caused me some
trouble and anxiety, and, accordingly, to remove this hindrance
to my progress out of the way, I decided to prepare and
publish Pneumatic Tables to place in the hands of practical
engineers which would enable them to observe the natural
phenomena that arise from the compression and expansion
of air, and would, at the same time, enable them to mea-
sure the mechanical effects of applying air compressed to
various pressures ranging from 1 to 100 lb. above the normal
pressure of the atmosphere, to the work of ejecting sewage by
direct pressure, on the Shone System, or for operating
ordinary pumps by compressed air instead of steam, or for
operating any other kind of machinery which could be driven
or worked by compressed-air power.

The figures in these Tables are based upon the well-
known Pneumatic Tables of Professor Thurston, which I had
extended and improved by adding to them new and impor-
tant columns. The latter were carefully revised and further
improved, and it is gratifying to me to be able to say that
in the form in which they are now presented * they constitute
a standard for reference not merely for the uses to which my
firm have put them, but, as already stated, in connection also
with any other mechanical works or operations involving the
use of compressed air. I am very sorry they were not pub-

* See Appx. VIIL Table E, page 333.
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lished in their present form years ago, as I am sure that the
opinions which were so freely expressed to my prejudice at
the beginning derogatory to compressed air as a motive power
were due to a large extent to imperfect knowledge of it, and
to the want of familiarity with the application of it in an
ejector, which possesses special advantages over the more
common precesses of pumping by iron piston work, but which
advantages could not of course be understood and appre-
ciated at first. In the operation of an ejector, as will be
seen by reference to page 17, the compressed air at its full
power is automatically made to force the sewage out of it as
fast as it is filled, and the friction involved in the motion
backwards and forwards of a heavy piston-pump (making
perhaps a score of strokes to get rid of as much liquid as the
ejector machinery expels in one movement) is thus avoided
and saved by the simple frictionless action of an ejector.
The result is that with air compressors of good design and
make, an even higher degree of efficiency can often be secured
by the aid of ejectors than by the use of the best class of
steam-pumps, especially for moderate lifts, such as generally
obtain in connection with drainage works designed and carried
out on the Shone System.

Being anxious to demonstrate to my friends and others
my convictions in this connection, in 1878 Mr. Ault, at my
request, prepared drawings of and, in conjunction with Mr.
Samuel Williams, the present Engineering Manager of the
Brymbo Steel and Iron Co., superintended the construction
and manufacture of a small automatic double-acting working
model of a water ejector, which was made of brass and copper,
and which was manufactured for me by the Brymbo Coal and
Iron Co.

18. This model I had fixed on the premises of Pentrefelin
House, Wrexham, where I lived at the time, and when work-
ing it illustrated the principle upon which sewage could be
made to flow out of gravitation drains or sewers into ejectors,
and forced out therefrom automatically by compressed air
applied direct, in the manner described and illustrated in the
print copies of the Letters Patent granted to me.
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19. But before I had the model made and set to work
as explained above, some of my most intimate and valued
engineering friends and others in and around Wrexham were
doubtful as to whether compressed air could really be de-
pended upon to force water or sewage out of ejectors auto-
matically (whether in small or large quantities) efficiently and
economically in the manner originally outlined by me; it
then occurred to me that the best thing I could do to con-
vince them that I was right was to demonstrate to them in a
thoroughly practical manner the principle upon which it was
proposed to discharge sewage into, and to use compressed
air to force it out of air-tight cylinders, which are now known
by the name of Shone Ejectors, and with this object in view
I approached my late friend, Mr. James Sparrow, the pro-
prietor of the Frood Collieries and Iron Furnaces, at whose
works air-compressing machinery on a large scale was
employed for operating underground hauling and pumping
machinery. [ asked him to allow me to demonstrate the
groundlessness of the views just referred to. He at once
acquiesced, and one Saturday afternoon, when there was
no work going on, I had one of the large compressed-air
receivers, which was used in connection with the air-com-
pressors of the colliery, filled with water. Then a special
one-inch wrought-iron pipe was coupled up to a tap of the
same bore which was fixed at the bottom of the air receiver
to let water condensed in it out of it; and that new special
pipe was led up along one arm or side of the wooden pit
frame until it reached the shaft of the winding pulley, at
which point it terminated in a sharp curved bend. Directly
the air receiver was filled with water the compressed air was
turned on, and immediately afterwards a copious .stream
jutted out with great force from the outlet end of the
wrought-iron delivery pipe, and it continued to flow out of it
until the whole charge of water in the receiver had been
ejected, much to the amazement of a few pessimistic friends
and others, but to the entire satisfaction of the majority of
those present, including Mr. Sparrow and his staff.

20. Apropos of the questions raised at the outset by some
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of my friends and others, as stated above, with regard to the
economy and efficiency of the then proposed compressed-air
water and sewage ejector system, I may mention here the
fact that one of the first important installations that was
carried out on the system was at Warrington, where two
ejector stations, 361 ft. apart, were sunk and successfully
worked in what is known as the Latchford District.

The air produced to work them was and is compressed by
compressors driven by steam generated in boilers placed at
the Warrington Gas Works, which are 3,072 ft. from No. 1,
and 5,796 ft. distant from No. 2 Ejector Station. The sewage
of No. 2 is lifted over the Latchford Black Bear Bridge to the
head of a gravitation sewer, which carries it to No. 1 Ejector
Station, and the latter in turn lifts it with other sewage into
one of the old Warrington gravitation sewers, which conveys
it to its final destination.

The ejecting power parts of these works were severely
and absurdly criticized at one of the meetings of the British
Association before they were properly completed ; and one of
the critics, whose name was not revealed by his confederate—
the speaker at the meeting—was referred to as being “the
highest ” engineering “ authority ” on compressed-air power,
-who had arrived at the conclusion, from data alleged to be
reliable, that the efficiency of the Shone ejecting plant as
applied at Warrington was only 20 per cent. !

Subsequently, however, the confederate of the nameless
“ highest authority” said this was wrong, as it was only
18 per cent. !

In giving the information by which he arrived at this
conclusion he at the same time furnished data which enabled
me to calculate from it, on the assumption that his data were
right, the real efficiency of the Warrington ejector plant, which
I found to be 4} per cent. only, not 18 per cent.!

The alleged reliable data upon which the so-called “ highest
authority ” on compressed-air power based his estimate of the
efficiency of the Warrington ejectors were to the effect that air
compressed to 27 lb. above the normal atmospheric pressure
of 147 Ib. per square inch—which is sufficient to force water
or sewage to a height, according to Table D, of 62°29 ft.—
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was used to eject sewage to a height of 13 ft. g in. out of the
Latchford ejector, fixed in No. 1 Ejector Station! Whereas,
according to the testimony of the Borough Surveyor, Mr.
Thomas Longdin, C.E,, the air pressure required and used for
the purpose was only 6 lb. per square inch. For the public
to be told, therefore, in effect, as it was told at a meeting of
the British Association, that at Warrington, owing to the em-
ployment of a “Shone Ejector,” four-and-a-half times more
power was used than would be required were ordinary steam
pumps substituted for it was, to say the least, on the score
of cost, calculated greatly to prejudice the public Sanitary
Authorities of this country, and especially their Municipal
Surveyors and Engineers and Medical Officers of Health,
against the introduction of automatic collectors and ejectors
of sewage for the improvement of the existing “ English
Water-carriage Plans of Sewage removal.”

That the eminent engineer who condemned Mr. Longdin’s
Warrington installation was as sincere as he was confident he
was right in what he said must be taken for granted, other-
wise he would not have been so indiscreet as to tell the
British Association, possibly in the hearing of some of the
members of the Corporation of Warrington, that “the man

who had laid the ejectors down at Latchford would be glad.

very soon to remove them.”

The Latchford installation was carried out in 1882, over
thirty years ago, and they are working to-day as satisfactorily
as they did when they were first started, and I prophesy that
they will continue so to do as long as the iron of which the
ejectors, etc., are made will last, and that may be 100 years
or more! So far from slackening in his appreciation of and
interest in ejectors by the misleading pronouncements of the
eminent civil engineer in question before the British Associa-
tion, Mr. Longdin actually recommended his Corporation to
use ejectors for discharging the contents of the pails that
were then and are still used in Warrington for the collection
of household wastes on what is known as the “ Pail System " ;
and his recommendations were adopted, with the result that
by the establishment of only two ejector dep6ts, to which the
pail contents were carted or waggoned, instead of being carted
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or waggoned to one depot outfall point, where the contents of
the whole of the pails were converted into pouderette, a net
saving at the rate of nearly £2,000 per annum was effected in
cartage cost alone; and as the pail stuff was discharged from
the two ejector depbts to the one original outfall depot
through iron pipes laid like water-pipes under the streets, the
nuisances which arose previously from the cartage of the pail
materials through the streets, and which were bitterly com-
plained of at times, but which were said to be unavoidable in
practice, were done away with entirely.

20 (a). By way of still further emphasizing the untenable
character of the unconscionable attacks referred to above and
which were made at a critical period in the career of the Shone
System—when, in fact, it was practically in its infancy —I beg
to reproduce here a copy of a Report which was written by
Professor Cawthorn Unwin, F.R.S., M.Inst.C.E., and published
some years after the Warrington installation in connection
with the drainage of Calcutta :—

“There are three ways in which the necessary pumping at
Stations 1, 2 and 3 can be effected: (1) By separate steam pump-
ing stations; (2) by a central station and electrical transmission of
power to the other stations; (3) by a central station and trans-
mission of power to the other stations by compressed air.”

Professor Unwin considers each of these methods in detail
as to efficiency, convenience, and cost, and comes to this
conclusion :—

“I have no doubt at all that for the purpose in view compressed
air transmission is cheaper in first cost and cheaper in working than
any other mode of transmission. It has also the advantage that it
involves only very simple and well-understood mechanical arrange-
ments.”

He continues thus :—

“If compressed air is used, two systems are available :—

“(x). The Shone System.—In this system air is compressed at a
central station by a steam compressor at comparatively low pressure.
The compressed air is transmitted by mains to the working point,
and there actuates one or more sewage ejectors. The ejectors serve
a double purpose. They are reservoirs for collecting sewage, and at
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the same time they constitute a simple pumping arrangement, without
any working parts except a float and a couple of valves. When an
ejector is full, it starts into action automatically and pumps the
sewage.

“(2). In the system proposed by Mr. Hughes there is a steam
compressor at the central station working compound at comparatively
high pressure. The air is transmitted in mains and actuates motors
which are in hardly any respect different mechanically from ordinary
non-condensing steam engines. These motors drive directly centri-
fugal pumps. To add to the efficiency of the arrangement, Mr.
Hughes proposes to reheat the air in a simple reheating stove before
use in the motors. This reheating is necessary if much advantage is
to be taken of the economy due to expansive working of the com-
pressed air.

“No doubt the second system can be made most efficient or
economical of power, and there is no reason why such a system
should not work satisfactorily. The motors are quite simple, and
would require less attention than an ordinary non-condensing steam
engine.

‘At the same time, more attendance would be required with
system (2) than with system (1), and the amount of machinery
required is greater. Looking to the very variably intermittent
character of the work to be done in sewage pumping, the automatic
action of system (1) seems to me to have advantages large enough
to counterbalance a loss of efficiency (waste of power), which in any
case I do not think would be considerable. With the Shone System
the sub-station would not really require any attendance in ordinary
working. The ejectors fill and empty automatically, and in case of
choking of a valve an ejector can be put out of action for examina-
tion, and the others would at once take up the work. My advice,
therefore, is that an estimate should be obtained from Messrs. Hughes
and Lancaster for the application of the Shone System to Calcutta.” *

21. Prior to the year 1886 there had been many loud
and bitter complaints made by members of both Houses of
Parliament with regard to foul and noxious odours in and
about the precincts of Westminster Palace. Several successive
Committees were appointed to investigate the causes of these
nuisances with the view to providing a remedy for them, but

* Mr. A. E. Collins, M.Inst.C.E., City Engineer of Norwich, has repeatedly
stated to me that he has had more trouble with their one steam pumping station
than with the whole of the seven Shone ejector stations installed in Norwich, with
ejectors in duplicate in each.—I.S.
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the results were wholly unsatisfactory. At length the evil
became so intolerable that on the motion of the late Lord
Randolph Churchill another Special Committee was appointed
in March 1886 to inquire into the stat