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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 13
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

cC 2
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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
‘s[n:i}sud‘dcnly and unacrn:ountabl}r. But the ministér said that
' rwldcn.ce had nothing whatever to do with the child’s death :
it was entirely due to there being rotten apples in the house | ”

Drawing
No.i3.
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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 wersws 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 (@). 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
pre.]iminary 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

Glasgow
Philosophical
Society.

Rangoon
Works.
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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 1895, the Engineer 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 return 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, 1gos, which appears in
Vol. CLX. of the “Proceedings” of the Institution, and which
elicited highly interesting and instructive discussions 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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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-

Compressed
Air in
Operation.
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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,







To the Rt. Hon. Fohn Burns, M.P, 31

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 pér 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 Ib. 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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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 42,000 per annum was effected in
cartage cost alone; and as the pail stuff was discharged from
the two ejector depdts 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, 2z and 3 can be effected : (1) By separate steam pump-
ing stations; (z) 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,”

I'rofessor 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 :—

“(1). 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

D
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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 state of the ventilation and
the drainage of the Houses of Parliament, This Committee
was presided over by Sir Henry Roscoe, and after hearing
and considering evidence as to the drainage of the Houses,
they recommended the adoption of the Shone System, and
I was honoured by the then First Commissioner of Works,
the Earl of Elgin, with instructions to design and super-
intend the new drainage works, which were completed and
started at the end of 1886, and have continued to work
satisfactorily to this day.

After the drainage works had been in operation at the
Houses of Parliament for about five years, another Select
Committee was appointed in June 18gr1 to inquire into the
ventilation of the House. The report of this Committee,
printed on July 24, 1891, contains the following paragraph :—

22. “The Committee also took evidence as to the system
of drainage of the Houses of Parliament which was estab-
lished in pursuance of the Report of the Select Committee on
the Ventilation of the House in 1886, and they find that the
system works satisfactorily. The Committee are satisfied
that the connection between the Houses of Parliament sewers
and the Metropolitan main low-level sewer is so constructed
that no backwater or return of sewage, or of sewer gases from
the Metropolitan sewer, can enter those of the Houses of
Parliament ; and the Committee are convinced that no offen-
sive smells or injurious emanations now proceed from the
drainage system of the Houses of Parliament, which they are
of opinion is as perfect as possible.”

23. Before the improved drainage works of the Houses of
Parliament were carried out, the main sewer of the buildings
was practically in direct communication with the Metropolitan
main sewer, which ran under part of the Westminster Bridge
Road and the Thames Embankment. The invert of the
Palace sewer where it debouched into the Metropolitan sewer

D 2
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crown of the sewer, and about 7 ft. above the outlet end
of the 12-in. cast-iron pressure delivery pipe of the Palace
sewer,

With a head of water, therefore, equal to nearly 10 ft.
above the level of the normal flow of sewage in the Metro-

DRAWING MNo. 4.

DRAINAGE 0OF THE HoUsSES 0F PARLIAMENT :
EJECTOR STATION UNDER THE SPEAKER'S GREEN
WITH SHONE EJECTORS.

politan sewer, the Palace old sewers were flooded, and conse-
quently, as fast as the storm waters inundated them, so fast
was the foul air within them forced out of them into the
precincts and immediate environments of the Houses of
Parliament. By the adoption of the Shone Ejector System




| L
] 1 ] G <105 L , - :
-. - Lv ] J : ;
- » a | el el . :
i :
11T










7o the Rt Hon. Foln Burns, WP, 39

mittees appointed to investigate and report upon the drainage
of the Houses, made the following remarks in his inaugural
address to the Sanitary Congress at Leeds :—

“May I give you one other illustration? I think it was in 1884
or 1885 that serious complaints began to be made about the drain-
age and ventilation of the House of Commons. Bad smells were
about, members got sleepy and seedy, and influenza came and spread,
and grumbling became loud and general. A committee was appointed,
under the presidency of Sir Henry Roscoe, to investigate the whole
question, and we had many sittings and took much evidence, and
rambled through drains, much hampered in our operation by the fact
that no plan could be found, and we had to trace out their situation
and arrangement as best we could. And then we came to report,
and we had to tell the legislators, on the basis of a very important
investigation by the late Professor Carnelley, that they were actually
breathing sewer gas, and that the sooner they put their House in
order the better for themselves and the country. So £10,000 was
voted #em. con., Shone's Ejectors cut us off from the main sewer ;
and [ made so bold as to claim for the sanitary operation, national
importance in improving the health and temper of our senators,
enhancing the quality of their work, and leading to the increased
efficiency of our public departments by increasing the administrative
capacity of Parliamentary chiefs who are responsible for the conduct
of affairs.”

The foregoing brief account of the Houses of Parliament
works, and the Drawing No. 4, on page 37, which is a sectional
perspective view of the Houses of Parliament ejector station,
looking from the base of the clock tower in the direction
of Westminster Bridge, will enable you, I hope, to understand
them.

25. Incidentally I may mention the fact that, after the
Houses of Parliament works were completed, quite a large
number of ejectors were employed in lieu of ordinary pumps
in this country and abroad, and especially in the United
States of America, in connection with the drainage of large
and costly buildings, whose basements are below the level ot
the street sewers ; and the Drawing No. 5, which is a copy of
one of the illustrations that appeared in a booklet issued by the
Shone Drainage Co., of Chicago, will exemplify possibly more

Drawing
No. 5.
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clearly than Drawing No. 4 does the special practical useful-
ness of ejectors for the speedy and cleanly collection of the
sewage and rainfall of basements, and the equally speedy,
cleanly, and automatic ejection of the same therefrom to the
public sewers.*

I am indebted to Mr. Urban H. Broughton, C.E., the con-
sulting and executive engineer to the above-named company,
for the original drawing, of which No. 5 is a copy.

I may add that early in 1887 I published, through Messrs.
E. & F. N. Spon, a brechure containing full descriptive matter,
illustrated with diagrams and drawings of the leading details
of the works, and containing also the Hydraulic Table referred
to on page 19. Copies of this were presented to each of the
Members of both Houses of Parliament.

The installation, being in the most important building in
the British Empire, was extensively, and, I am proud to say,
favourably noticed in the public press; and ever since, with
the official permission of H.M. First Commissioner of Works,
given by ticket, they have been from time to time visited and
inspected by thousands of engineers and scientific sanitary
experts hailing from all parts of the world.

26. As another illustration of the working of the Shone
System, 1 propose here to explain briefly its adoption and
installation at Hampton-on-Thames.

The habitable district within the jurisdiction of the
Hampton Urban District Council covers a large area,

An inspection of these lands, on which the houses to be
comprised in a sewerage scheme were built and those in-
tended to be subsequently built were situated, showed that
they were to a great extent low-lying, unwieldy, and more
or less water-logged. It was therefore obviously impossible
to drain the district satisfactorily to a single outfall by gravi-
tation alone.

Accordingly the then Local Board decided to adopt the

* In the Houses of Parliament station a glass working model of a Shone
ejector was fixed, which is there still, and which has proved an excellent exhibit

in assisting thousands of spectators who have witnessed its action to appreciate
the simplicity of the working parts of the apparatus.
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as well as to other sewage outfall works. The * International ”
System for Hampton was thereafter abandoned in favour of
what was then called the Dibdin Bacterial Tank treatment.
The latter system had been in operation for some time at
Sutton before the Hampton Deputation inspected the works
there on that system ; and as its influential promoters and
advocates declared it to be in every way a most efficient and
perfect system, which was in fact declared to be the final
solution of the problem of sewage purification, the Hampton
Council finally elected to adoptitin lieu of the “ International

System.

27. Accordingly my firm, in consultation with Mr. Dibdin
and Mr. Kemp, designed triple bacterial beds on the Dibdin
system, and these were in due course erected and set to
work at Hampton, where they consistently for a consider-
able time produced satisfactory effluents, as was acknewledged
by a large number of home and foreign engineering experts and
others who inspected them in operation from time to time.

On the 6th of October, 1900, a paper was read by Mr. Kemp
before the Association of Municipal and County Engineers at
Hampton-on-Thames “On Sewerage and Sewage Disposal
Works,” in which he gave a concise account of the working of
the bacterial bed system up to that date.

Unfortunately for the bacterial tank methods, as they
turned out at Hampton, difficulties neither prophesied nor
foreseen soon presented themselves. It was found that the
beds were wholly unable to deal with the quantity of sludge
placed upon them, but fortunately Mr. Tom H ughes, the
manager of the sewage-treatment works there, devised means
for arresting sludge and preventing much of it from entering
the beds. In fact it was largely due to his practical and in-
telligent and attentive management that these beds had been
able to deal with a strong sewage for something like six years.
But as time went on the clogging of the beds increased, and
their liquid capacity diminished, until at length the burden of
removing the sludge by expensive and offensive manual labour
- became almost intolerable, and it was seen that some means
must be adopted of preliminary treatment.
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of the Bacterial Bed System will find interesting and not
unprofitable information in the two published papers men-
tioned on page 171, together with the following powerful and
scientific expositions: Ist, a paper entitled “ A Retrospect of
Six Years Treatment of Crude Sewage in Triple Contact
Beds, and a Forecast”* by Mr. T. Hughes, Manager of
Hampton-on-Thames Sewage Disposal Works, which was
read at a meeting of the Association of Managers of Sewage
Disposal Works at Hampton-on-Thames on June 17th, 1905 ;
and 2nd, a paper entitled “Some Interpretations of Sewage
Purification Phenomena,” by Mr. Sidney H. Chambers, Sur-
veyor to the Hampton Urban District Council, read before
the Association of Municipal and County Engineers on
October 26, 1907.1

28. The hydro-pneumatic system of sewerage having been
thus introduced, in order to render its utility as complete and
perfect as possible, there yet remained the problem of making
provisions for the adequate ventilation of the public sewers
and private house drains to which it was and might in course
of time be applied. The necessity for this was evident almost
from the first, and the fact had to be dealt with that offensive
emanations were found to issue from the drains and sewers.
The truth is, and the sooner it is acknowledged the better,
that save under a combination of fortunate circumstances,
such as are hardly ever realized in practice, no system of
sewerage under the “ Water Carriage” method is immune
from these drawbacks. It must be remembered that the
total sewage and waste supplies of any one day in any town
or district are not a constant quantity. They are the aggre-
gate of contributions originating in single dwellings and
other buildings distributed over the whole sewerage area, and
obviously the quota of each of these contributing items is
relatively insignificant, and some of them have to travel a
considerable distance before reaching the main sewers on
their way to the outfall. It follows that the most perfect
practicable gravitation system, however well its pipes may
be adapted in size and gradient to the calculated ultimate

* 5t. Bride's Press, Ltd., Fleet Street, E.C.
t Proceedings of the Association of M. and C. Engineers, Vol. XXXIV.
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prevent noxious emanations from passing out of even the
best laid self-cleansing sewers into the public streets,

29, With a view to remedy these evils, I devised a plan
for removing the gases and of ventilating the sewers by
means of compressed air passed through specially designed
nozzles. By this arrangement vacuums are intermittently
formed at the nozzles which have the effect of inducing air-
currents to flow into, through and out of the sewer pipes
which discharge sewage into the ejectors.

On this plan, therefore, the surplus latent energy stored in
the exhaust compressed air, after doing its work of expelling
the sewage from the ejectors, is utilized for the purpose of
ventilating the sewers.

The system is in use at Wallingford, Henley-on-Thames,
Bombay, Hampton-on-Thames, and many other places at
home and abroad, and the mode in which it works, e.g., at
Henley-on-Thames, will be readily understood by locking at
Drawing No.6,on p.48,to which proper references are attached.

It may be mentioned that originally, especially where the
compressed air was under high pressure, there were some
complaints that the exit of the exhaust air from the top of
the ventilating shaft was accompanied by noise and at times
by objectionable odours. We have, however, contrived simple
means whereby both these inconveniences are overcome. In
fact, I may say that in countries whose climatic conditions
are such as obtain in England, the exhaust air plan of sewer
ventilation through regulated nozzles when properly designed
may now be made to work inexpensively and free from either
noise or smell, even when the sewage arriving at the ejector
station is only sufficient to keep the ejectors in a state of
moderate activity.

30. In addition to the method described above for venti-
lating sewers by the medium of the exhaust air discharged
from ejectors, I suggested in 1888 that the house-drains
should be ventilated on the same principle practically. My
Patent No. 15203 of 1888 shows by specification and by
diagrammatic illustrations a method by which sewers and

Drawing
No. 6.
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house-drains and interceptor traps and the drains on both
sides of these could be ventilated, either by the medium of
the exhaust air from the ejectors (where the Shone Hydro-
pneumatic System was in use) or by the direct application of
fresh atmospheric air. That patent included special apparatus
for ventilating, purifying and disinfecting sewers and drains
with various subsidiary devices, which are fully shown and
indicated in the diagrams appended to the specification.

Again, my Patent No. 5389 of 1891 had for its object the
ventilation of drains and sewers, and the methods prescribed
in it for the purpose were fully illustrated by diagrams
annexed to the specification.

31. The first occasion of public importance on which I hid
an opportunity of describing the hydro-mechanical system of
sewer and drain ventilation was at the Congress of the Royal
Institute of Public Health at Eastbourne in June 1go1r. The
paper I then read was illustrated by various drawings, one being
a large cartoon hung on the wall, and substantially the same as
the cartoon exhibited at a subsequent meeting of the Institution
of Municipal and County Engineers held at Liverpool.

There was, however, this difference. The cartoon used at
Eastbourne showed at the lower end of the public sewer and
below its invert an ejector station with its ventilating shaft
accessories (see Drawing No. 7), but this was left out of the
cartoon used at Liverpool, and in its place was shown an
underground fan and air-purifying station, on the Hampton
principle, as illustrated in Drawing No. 21, opposite page 100.

Among the illustrations to my Eastbourne paper were also
drawings indicative of the way in which main outfall sewers
and their tributaries could be subdivided into as many
sections as the exigencies of the sewerage system of each
particular town or district demanded, in order to ventilate
them all efficiently. A copy of a drawing showing the main
underground ventilation and air purification arrangements is
that marked No. 8 (opposite to page 50). This drawing is
reproduced here for the express purpose of answering engineers
who have addressed to me enquiries of the following sort ;
“How is a sewer to be dealt with if in one or some parts of

E

Drawing
No. 8.
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40, Sir Henry Roscoe, in his report to the late Metropolitan
Board of Works in 1888, said :—

« Tt has next to be considered whether any more satisfactory or
less costly means can be devised for effecting the end inview, viz. the
prevention of sewage nuisance.

“In my opinion the only other feasible plan is that of aeration.
Free oxygen is to be had for nothing, and the cost of pumping air
need not be considerable. The adoption of such a plan raises ques-
tions which I am not now in a position to deal with, although I
believe that this may turn out to be a solution of the problem. At
any rate I feel sure that this is a matter well deserving of further
inquiry. The rapid purifying effects of aeration on the sewage have
been repeatedly observed in my laboratory experiments.”

According to the same report, it would appear that the late
Board had been spending money at the rate of £40,000 per
annum, with a view to reduce to one half some sixty-five cases
of complaints of bad smells from the London sewers! At that
rate what would have been the expense involved in generally
disinfecting and deodorising the whole of the sewers and street
gulleys of the Metropolis ?

41, Mr. J. Collins, F.C.S., in a paper read before the Sani-
tary Institute (Trans, Vol. VL. p. 259), said :—

“ These (sewer) gases are most noxious—they contain a stinking
vapour which is in the highest degree offensive, and which inhaled
produces headache, giddiness and nausea. Certain fevers have been
directly traced to them. They always include that poisonous product
of decomposition, sulphuretted hydrogen. It is obvious that these
gases must, by some means or other, obtain egress from the sewers,
and they will effect this in the face of the greatest obstacles. They
find the smallest vent, they dissolve in water, to be liberated under
other conditions ; they percolate through the earth, they rise through
sink pipes and rain-water butt overflow pipes as surely as they are
formed day by day; this, of course, in default of our providing an
outlet for them where we may get rid of them with the minimum of
evil consequences.

“ It is a fallacy of the most dangerous kind to say that sewer gases
are no longer hurtful when they are no longer offensive to the sense
of smell, for there is no necessary connexion between bad odours and
zymotic poisons. There may have been oxygen enough to prevent

Bir H. Roscoe.

My, J. Collins, |
F.C.8.
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accumulations by adequate ventilation. The proper ventilation of
drains and soil pipes can only be effected where there is an inlet for
fresh air at one end of the system, and an outlet for foul air at the
other end. Where there is an inlet, but no outlet, the pipes must be
always full of foul air, though not under pressure, for there can be
then no renewal of the air in them by the passage of fresh air
currents.”

Ata meeting of the Royal Sanitary Institute, held at Black-
pool on March 13th, 1908, on the subject of “ Sewer Ventila-
tion and the Interceptor Trap,” the following interesting
observations were made :—*

47. Dr. F. J. H. Coutts, M.D,, B.Sc., D.P.H., FCS.
Medical Officer of Health for Blackpool, said :—

“The simplest plan of dealing with sewer ventilation was, if he
might venture on an Irish ‘ bull, to have no ventilation at all. This
was the solution of the problem in certain towns, such as Bristol and
Cheltenham. Of actual methods of attempting to ventilate sewers,
the easiest and cheapest was to provide surface level openings in
connection, either directly or indirectly, with the manhole. But
common sense and actual experience told them that those surface
spemings were frequently offensive and caused a nuisance,

* Horrocks' experiments also showed them that they were a danger
to health, and that disease germs may be inhaled by persons passing
over such openings. To his mind the only method of sewer ventila-
tion which can be recommended at present is by means of independent
ventilating columns of iron or steel, tall enough to carry all dangerous
gases well above all dwelling houses, placed as near the sewers as
possible, and with the smallest number of bends, The low ventilator
as usually fixed was a danger and would have to be abandoned.

“Sometimes it was fixed in the front garden walls of houses, and

where there was a case of typhoid the germ might easily be conveyed
to a casual passer by.”

48. Mr. J. S. Brodie, M.Inst.C.E., Borough Engineer of
Blackpool, said :—

“ Even usually well-informed people were to be found who were
convinced that unpleasantly smelling air or gas issuing from a sewer
grating was really not dangerous or injurious to health. Now, what
were the simple facts? First, that every year cases were reported of

* See “* Blackpool Herald,” March 17th, 1908, and *Blackpool Gazette of
the same date.

Dr. Countts.

Mr. Brodie.
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¢ Where there is no danger of an escape of sewer gas to be
apprehended, the ventilation of the waste-pipe system of a house
would be necessary to prevent the rapid corrosion of lead wastes.
The points at which lead wastes soonest wear out and begin to leak
are the points at which, in the absence of ventilation, the lighter
gases from the sewer would naturally accumulate. I fnd this is
the usual experience of plumbers in this country, and the same
phenomenon seems to have attracted attention abroad. At a
meeting of the Society of Medical Officers of Health in London,
held a short time previous to this writing, Dr. Andrew Fergus,
President of the Faculty of Physicians and Surgeons of Glasgow,
stated that while the water supply of that city, drawn from Loch
Katrine, was so pure in itself and so distributed as to preclude the
possibility of excremental pollution, typhoid fever had increased to a
startling extent, and as the cause of this disease must be sought
either in polluted water or in air poisoned by the gaseous products
of decomposition, it was a safe conclusion that the latter was the cause
of the trouble in Glasgow. Reciting many remarkable facts in con-
nection with cases of Hyphoid fever and diphtheria whick had come under
fiis notice, he showed several pieces of g-inch lead pipe curiously perforated
by corrosion commencing from within, and whick could only have been
caused by the action of sewer gas.  These perforations had admitted sewer
gas into the houses in which mysterious cases of typhoid and diphtheria had
occurved ; and as similar perforations were nol found in such portions
of the pipes as were al any time charged with liguid, they were not
betrayed by the leakage of water. Dr. Fergus further said he had found
that such pipes as were freely open to the sky by an wupcast shaft
remained sound nearly twice as long as those in whick theve was no
effective ventilation, but le did not think that a lead soil pipe exposed o
the action of sewer gas could be depended upon as sound for longer
than ten or twelve years. He also asserted, as the result of careful
and intelligent observation, that the wswal method of depending upon
water - seals in fraps allowed sewer gas to diffuse itself through a
house by a process of soakage, and that in from half an hour fto
tiwo fhours the foul gases of the sewer and the fouse drain wonld
have saturated a seal, and thenceforth be freely admitted into the house®
Other eminent and experienced physicians stated that they had
reached the same conclusions from observations made in London
and other British cities, showing that the rapid corrosion and

* The words above which I have had printed in italics are in my opinion

‘most important, and worthy especially of the careful consideration of Medical

Officers, Municipal Engineers, Architects, Plumbers, and Building Contractors
- all the world over.—L.5.
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County Council to close any ventilation opening on the surface of
the streets unless he would get another to take its place. He was
responsible to the Council for the lives of a large number of men ;
only the other day he had two men pulled out of the sewers sense-
less from the gas which bad developed there. Several times during
the last few years they had the men badly burnt through explosions
of gas in the sewers coming from different works, such as petroleum
works, and so forth. These men must have lanterns, and explosions
had occurred in that way, If those present would try to help him in
the ventilation of sewers, and get the authorities to allow and give
sites for ventilating columns so as to avoid this unpleasant gas
coming up to the road surface, they would do something to preserve
the lives and health of a large number of men who worked under-
ground in the sewers.”

52. The foregoing remarks of Sir M. Fitzmaurice call to
mind a very important set of regulations for the safety of men
working in sewers issued by the Council of the Borough of
Salford through their Envineer, Mr. Corbett, and communi-
cated by him to the “ Public Health Engineer,” in the number
of which journal for the 4th March, 189g, they were published

in full.
CountTy BOROUGH OF SALFORD.
Directions for Dealing with Foul Gas in Sewers,

The District Surveyors are requested to hand copies of these
directions to their foremen, and to see that the precautions here
described are duly observed in all sewer works under their charge.

Whenever men have to go down into an old and foul sewer or
cesspool, the following precautions must be taken :—

1st. Open the lids of two adjacent manholes so as to provide a
downcast and an upcast shaft ; or, if only one manhole is available,
and there is no other outlet by an open sewer or vent-pipe, place a
wooden tube, about a foot square, down the one manhole for use as
a downcast shaft.

2nd. Use one manhole, or the wooden pipe above described as
a downcast shaft, by means of a heavy shower of water from a large
watering can with a rose jet, or else from a rose jet on a hose pipe
from the town’s water mains.

- 3rd. Where there are two manholes near together, use one for
the downcast shaft, by means of the shower of water above described;
and use the other for the hoisting and working shaft.

4th. Test the air in any shaft before men go down it, by lowering
a lighted candle down it. If the light burns dull, even without going

F 2
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cast and upcast shaft, and quite another to be sure that they will
‘act’ as such. Sometimes this procedure would be adequate
enough, at other times it would not, but men's lives should not be
subject to any condition that is not absolute as far as up-to-date
sanitary knowledge goes. The remaining directions (Nos. 2 to 7)
clearly recognize that No. 1 is not to be relied upon.

“ Directions Nos. 2 and 3 suggest a means by which an upcastand
downcast movement may be produced, namely, by a shower of water.
These directions carry protection very much farther than No. 1, but
are still short of sufficient protection. Some sewer fatalities have
occurred where the manholes by which the men entered the sewer
were perfectly fresh at the time they entered, and the length of sewer
they had traversed quite wholesome, but volumes of fatal gases coming
in in the meantime from other parts of the sewerage cost the men
their lives. Such a case as this is not covered by Directions Nos. 2
and 3, and this is most important, for it is not a usual thing to find the
air dangerous throughout a large section of sewerage. The real danger
is more often a movable and moving quantity, and a point of the
sewerage may be quite safe at one time and dangerous at another,
after even a comparatively short interval.

“ Directions Nos. 5, 6,and 7 are admirable from the point of view
from which they are given, but what a lurid light do they throw upon
what the sewerman’s lot must be until this point of view be changed.

“ Direction No. 6 especially ought to be reprinted in large letters
and posted in every council roony in the kingdom, until the present
state of matters gives place to a better. It reads thus: ‘When a
man has to descend a risky manhole or shaft, he must have a strong
rope properly tied about his shoulders, so that he could be lifted by
it, and the ropes must be kept in hand ready to lift him up if he be-
comes overpowered by the gas. When a man has to crawl along a
risky sewer he must have a short rope securely tied to his ankles,
and a rope from it to the hand, so as to draw him back if he becomes
overpowered by the gas.’

““ Mr. Corbett may be regarded in a sense as standing sponsor for
these directions, and his known ability and experience only serve to
give a more pronounced colour to the gruesome picture which they
give of the present practice of dealing with gas in sewers. Isit justi-
fiable that a man should have to ‘crawl along a risky sewer’ as pro-
vided for in this Direction ?

“It is not, for the simple reason that it is unnecessary. Let it
be understood that I am not criticising these Directions as such.
Humane motives are obviously at the back of this endeavour, and
such undoubtedly was Mr. Corbett’s motive in sending the Directions
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no sewers should ever be in a state in which it is necessary
for a man to ‘crawl along with a short rope securely tied to
his ankles, and a rope from it to hand, so as to draw him
back if he becomes overpowered by the gas,’ that is, pro-
bably, with his mouth under the sewage during the process of
drawing back. The idea is too revolting; but that such a
thing is possible under the present system cannot be doubted,
and the County Borough of Salford, recognizing this, have
made provision for such an actuality in their Direction
No. 6."

“The more widely the real state of matters is known, the
sooner, one may reasonably hope, will the prbpm‘ remedy be
adopted. * Thhe remedy is a very simple one, namely, to provide
Jfor the perfect ventilation of sewers at all times and under all
the varying atmospheric conditions.””

[ also entirely agree with what Mr. Brown states in that
part of his letter which is printed above in italics, at my
request ; but I suggest that there would be less danger and
labour and expense attending works having for their object
the inspection and cleansing and ventilation of unventilated
sewers of the kind which Mr. Corbett's “ Directions” dealt
with if County and Municipal Engineers always kept in
stock, ready for use, small “ Roots’ Blowers” or fans, which
are light, but substantial and portable, and which can be
operated by any ordinary labourer or sewer attendant.

53a. These fans have been used for the most part in the
past for blowing blacksmiths’ fires and cupola furnaces, etc,,
and they have also been largely used for mine ventilation pur-
puses. They are admirably adapted, in my opinion, for
temporarily blowing large or small volumes of fresh street
air down manholes into sewers to ventilate them during
those times when cleaning or repair works are rendered neces-
sary.

Messrs. Thwaites Bros., Ltd., of the Vulcan Iron Works,
Bradford, who are the original licensees for the manufacture
of Roots’ Blowers, now make for blacksmiths’ forges just the
kind of blower which, in my judgment, should always be kept
in stock, so as to be available to Municipal Engineers whose
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ing pipes in the streets or up the sides of buildings above the
eaves of the roof.

50. To this method there are the following objections : it
is costly ; it requires the consent of the owners of buildings to
be applied for, and it is apt to be regarded as an unsightly
adjunct to a respectable dwelling-house.® ~ But its essential
defect is a sanitary one. By such an arrangement the foul
sewer air would ascend the private house drain and proceed
direct to the soil-pipe, and up to the top of the latter, where
it would have full play to waft itself about the eaves and roofs,
and whence it could, and would, enter houses by the chimneys
and window or other openings, whenever the relative tem-
perature of the air outside and the air inside the inhabited
dwellings favoured its doing so.

60. In your address to the Association of Municipal and
County Engineers at Battersea, to which I alluded at the
beginning of this letter, you drew a favourable comparison
between the British Metropolis and other capital cities. The
truth is that we Britishers have the reputation of being a long
way in advance of other countries in practical sanitation.
And we have been imitated. For instance, on the 8th August,
1894, the Municipality of the City of Paris sanctioned certain
by-laws very closely based on those which obtain in England.
Thus Art. 15 is as follows :(—

“ Bach drain before it passes out of the house is to be provided
with a disconnecting syphon, the seal of which shall not be less than
2*75 in., so as to ensure a permanent and air-tight barrier between
the house drainage and the street sewer.

* Each disconnecting syphon is to be provided above the bend
with an inspection pipe with air-tight cover.

“ Thhe models of these syphons and apparatus are fo be submitted fo
the authorities for their approval”{

In this last precaution they are in advance of us.

* “With regard to pipe shaft ventilators . . . . endeavours have been made
to erect many others, but I have failed to obtain the necessary consents from the
owners of the properties to which the pipes were proposed to be attached.”—Mr.
Wm, Weaver's Report to the Vestry of Kensington, June 1899.

t From Roechling's * Sewer Gas and Health " (Biggs and Co.).

Paris By-Law
relating to
Drain Inter-
ceptor Trap.
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charges is filled to overflowing, say from subsoil water, or
rainfall and sewage combined, a very small part of such
surplus water flowing up the house drain will suffice to
compress the air within the drain between the sewer and the
interceptor trap, and cause it to unseal the water trap of the
interceptor, with the result that the foul sewer and drain air
will then be compelled to make its escape to and up the soil
* and waste pipes, to the tops thereof, provided all the pipes
and the water traps of the w.c.s are as they ought to be,
in a sound sanitary condition, otherwise the foul air might
and probably would escape through defective pipes and traps
into the houses,

63. On the other hand, if the public sewer, instead of being Drawing
egg-shaped, as shown on Diagram XXVIIL, were circular in No. 18.
shape and 12 in. in diameter, and the house drain in question
adjoining it were 6 in. in diamecter, as shown on Diagram
No. 18 (on page 80), then the moment the 12-in. sewer was
filled with waters up to its crown to the horizontal dotted line
marked Y, that instant the effect would be to compress the air
between the perpendicular line B C of the sewer and the inter-
ceptor trap. And as rapidly as the water overflowed from
the sewer into the drain, so rapidly would the septic air of
the drain be compressed, with the result that it would force
the water of the trap under X out of it into the leg of the
trap on the house side thereof, and afterwards make its escape
partly up the house drain and partly up the long perpendicular
part of the syphon trap and so into the air overlying the foot-
path and the street via the air inlet and outlet grating adjoining
the curbstone.

Moreover, if the volume of the sewage flowing down the
sewer rose up to the level marked J, then the drain on the
sewer side, as well as the drain on the house side of the inter-
ceptor, would be flooded up to that level, but of course before
that event could take place the septic air, if any, in the house
drain under the letter A would be forced out of it into the
private drainage works of the house. Again, if the flood
water in the sewer subsided suddenly, the effect would be to
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cause the water in the intgrceptor trap to be unsyphoned,
and for a short time at least there would be perfect aerial
communication between the air of the public sewer and the
air of the private house drain and the air of the street.

If, however, the interceptor trap on its sewer side had
communicating with it a 4-in. ventilating pipe, marked by
dotted lines X to A, the whole of the foul air would then
escape via that pipe up to the roof of the house or elsewhere,
in which casc only the foul air of the house drain on the
house side of the interceptor could escape up the per-
pendicular pipe of the interceptor trap into the street via the
air inlet and outlet grating.

The instances given in Appendix VI. of the evils trace-
able to the defects in question might be indefinitely added
to, but your own unlimited access to facts will enable you
to form a judgment as to their applicability. There are
towns in different parts of the country the whole of whose
drainage system, though ostensibly complying with the regu-
lations of your Board, are in reality utterly unsound. There
are others where those regulations are disregarded. I will
refer especially to one of each kind.

64, Of the former class you will be able to judge by
referring to the illustration on the Drawing No. 19, which
shows a house connection drainage arrangement as carried
out in a town with which I am well acquainted.

The interceptor traps specified and in use in this par-
ticular town have water openings of 6 in. instead of 4 in.
in diameter, and they contain from 14 to 1} gallons, with a
depth of water seal of 3} in. If a 4-in. drain interceptor trap
holding about %ths of a gallon, and possessing a water seal
of 3 in. in depth, had been substituted for the larger 6-in.
traps of the same design and make, it would have been
beyond comparison more sanitary than the present arrange-
ment ; and the initial cost of the smaller sanitary trap would
have been about 30 per cent, less,

You will see from the illustration that the intercepting
trap is fixed under the public footpath pavement, so that
the “fmecalised air” of the soil and drain pipes of the houses
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and the septic water traps connected therewith must at
times be ejected into the faces of the passers-by ; and while
it is true that atmospheric air passes into the house drains
and the soil pipes at the air inlet openings on the foot-
paths, it is equally true that soil and drain-pipe air is forced
through each air inlet opening the reverse way whenever
closet and bath waters are falline down the soil and other
waste pipes into the drain, en route to, and through the
intercepting trap, to the sewer.

And as a matter of fact, in the town in question, a serious
outbreak of enteric fever occurred shortly after the comple-
tion of the new sewerage works, which many of those
inhabitants who had to walk on the footpaths of the streets
attributed, whether rightly or wrongly it is not for me to say,
to the foul drain and sewer air which was emitted into the
streets of the town out of the interceptor traps in the manner
shown on Drawing No. 19

65. With the foregoing case permit me to compare the
town of Leicester, where for years cases of typhoid had been
‘prevalent, and had been attributed for the most part to badly
ventilated sewers. The facts, which are most instructive, are
collected and classified by Mr. H. A. Roechling, M.Inst.C.E,,
in his work entitled “Sewer Gas and its Influence on Health”
(Biggs & Co., London). He devotes a table to Leicester
(Table 11.), showing the mortality from typhoid fever and the
number of certificates from 18735 to 1894 ; and opposite the
table is given a diagram showing “ Sanitary State of Leicester
during the years 1875 to 1886, before and after the Intro-
duction of the Systematic Ventilation of the Public Sewers.”

Mr. Roechling divides the whole period 1875-1804 into
‘three smaller periods, according to the treatment adopted in
each, and says (p. 207) —

“1. In the first period (i.e. 1875 to 1880), with badly constructed,
very foul and ill-ventilated sewers, the typhoid death rate was highest,
Viz. 32°2 per 1oo,000.

““2, In the second period (i.e. 1881 to 1886) of cleansing and
ventilating the sewers, the typhoid death rate suddenly went down
very considerably, and was lowest, viz. 16° 3 per 100,000,
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which may and undoubtedly have been at work in bringing about
the fluctuations in the typhoid rates.

“ Whatever our opinions on this point may be, the fact remains
that in spite of the construction of new main sewers, and in spite of
numerous other sanitary improvements, the typhoid rate of Leicester
has, since the commencement of the closing of the open covers at
street level, not gone down, but on the contrary shghtly increased,
and this fact should not be overlooked by every thoughtful observer.,”

6. Since the date, however, to which Mr. Roechling’s
observations extend, the able Borough Engineer of Leicester,
Mr. E. G. Mawbey, Mem.Inst.C.E., a Past President of the
Incorporated Association of Municipal and County Engi-
neers, has, to my own knowledge, laboured most assiduously
and successfully in abating nuisances arising from sewer air
and sewage gas in that town. In his Report to the Joint
Highway and Sewerage and Sanitary Committees, dated the
21st July, 1899, after detailing the results of a very great
number of tests and experiments, he observes :—

“] attach the greatest importance to thoroughly efficient flushing
of all sewers in the manner detailed in the Report of September 1894,
and also in the Tributary Sewage Report of June 18g8. The regular
flushing of house and other private drains is of no less importance.”

He adds :—

“ It will be obvious, from the facts [ have laid before you as to
the proved efficiency of the shaft system, that my confidence in
the recommendations made in my former Reports in favour of ven-
tilation without open grids, combined with ample flushing of the
sewers, must since have been materially strengthened, and I there-
fore now beg to submit the following recommendations for the ven-
tilation of all sewers for the future, from which it will be seen that I
am not suggesting any large expenditure for the wholesale closing of
open grids and the erection of ventilating shafts in substitution thereof,
but rather, that the grid system of ventilating the existing sewers be
gradually changed and improved as the necessity arises,”

The following were Mr. Mawbey's recommendations, and
they were unanimously adopted, and are now in force in the
borough :(—

“ 1. That closed manhole and lamphole covers be used in the
construction of foul and storm-water sewers in all public and private
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nuisance, and also to close such grid when the arrangements for the
erection of the shaft have been made.”

67. Some two years after the date of the above report, I
had the pleasure of meeting Mr. Mawbey at the Congress of
the Royal Institute of Public Health at Eastbourne, to which
I have referred* He was President of the Engineering
Section. It so happened that we had both been retained to
read papers, and on the same subject, the Ventilation of Drains
and Sewers. Under such circumstances it was but natural
that we should exchange our respective views, and I had (as
he has acknowledged) the good fortune to impress him with the
advantages of my hydro-mechanical system of sewer ventila-
tion, of the practicability of which he had had misgivings. In
brief, Mr. Mawbey obtained the sanction of his Committee to

the installation of the system (without interceptors) in a small

district of Leicester. The works were completed and opera-
tions were begun in 1903, and from that time to this they
have continued without interruption,

An extremely able and exhaustive paper on the subject
was read by Mr. Mawbey at the Meeting of the Association
of Municipal and County Engineers at Shrewsbury in July
1904, from which I have ventured to print some extracts in
Appendix V.; but I would strongly recommend those in-
terested in the details of the process described to peruse the
whaole paper as reperted in the volume of Proceedings.

68. I have already indicated what I consider the essential
defect in the provisions of By-law No. 63, but it by no means
follows that I am in favour of the abolition of interceptor traps
in house drains. [ consider them, on the contrary, indispens-
able as preventatives of the access of foul and noxious gases
from the sewers to the drains and to the houses. In support
of this view I would draw your attention to the following
observations of Dr. S. Davies, Medical Officer of Health for
Woolwich—from the “Local Government Journal,” August
24th, 1907—in which, after combating the contention of some

* Supra, p. 49.
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away with, it remains only to consider whether it admits of
such improvement as will, without undue disturbance of exist-
ing arrangements and for a strictly moderate outlay, ensure
the thorough ventilation of the soil and other waste pipes
carrying sewage to the interceptor, and the interceptor itself,
as well as the drain which carries the sewage from the inter-
ceptor to the public sewer, and lastly, as each house on the line
of such sewer, on both sides, would equally be ventilated, it
follows that the main sewer itself would also be thoroughly
ventilated.

Whatever may be your view of the merits of my plan for
remedying the notorious defects still prevalent in relation to
the ventilation of drains and sewers, I should not deserve the
name of a man of business if I anticipated any great or wide-
spread immediate result from it. I need, however, hardly
point out that not only in the Metropolis, but in all the impor-
tant cities and towns of the country, new buildings are con-
stantly being erected, and the application of my proposals to
them involves very little disturbance of existing arrangements.

70. In the spring of 1907 I was invited by the Council of
the Incorporated Association of Municipal and County Engi-
neers to read a Paper on the subject of the Sanitary Ventilation
of Sewers and Drains at their annual meeting, which was fixed
to be held that year in Liverpool. In compliance with that
invitation I prepared a Paper, of which the title was “ The
Defects, and a Solution of the Soil-Pipe Drain and Sewer
Ventilation Problems of the 1gth Century.” This Paper was
accordingly presented on the 20th June, and was discussed in
considerable detail. The Paper and the discussion were after-
wards printed in Vol. XXXIII. of the Proceedings of the Asso-
ciation on pp. 354—384, and they are also reported at length
in the “ Contract Journal” and in the “ Surveyor and Municipal
and County Engineer.” Its appearance in these journals gave
rise to some correspondence.,

71. That Paper, together with the discussion and corre-
spondence just referred to (forming Appendix No, L. to this
letter), I now propose to submit for your perusal and con-
sideration,
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new departure. Such reluctance is natural enough, as they
are unable to estimate the merits or demerits of what is
proposed, and must rely on the recommendations of their
Engineer or Surveyor. He in his turn is often deterred from
advising anything that implies alteration of system by his
reluctance to call for expenditure.

I am also conscious that the limits of a single Paper,
such as that which I presented at Liverpool, are necessarily
too narrow to fully carry conviction to the minds of busy
professional men, whose energies are usually monopolised by
the heavy routine of their business. Under such circum-
stances I have ample reason to be well satisfied with the
impression actually produced by the Paper, and with the
very large measure of support it obtained. I propose, how-
ever, to attach to it certain supplemental matters to which I
have from time to time alluded, and to issue the whole in
book form, introduced by this Open Letter to yourself as
head of the Local Government Board.

The name of your distinguished predecessor, the Right
Hon. W. H. Long, is especially associated with a very valu-
able service, the extinction of rabies. The dog-muzzling
regulations maintained during a sufficient period, and coupled
with quarantine arrangements as now administered under
the Board of Agriculture, have, it may be hoped, stamped out
for ever from our country the awful disease of hydrophobia.
The number of valuable lives so saved, and the amount of
suffering so avoided, may be difficult to estimate, but must
be considerable. But it may be safely added that they are
almost negligible in comparison with the potential and pro-
bable saving of life and prevention of disease which it may be
‘in your power to effect by the institution of a few rational
‘sanitary reforms on some such lines as I have here ventured
to define.

I have the honour to be, Sir,
Your obedient Servant,
ISAAC SHONE.
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APPEINDIX T
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THE DEFECTS, AND A SOLUTION, OF THE SOIL PIPE,
DRAIN, AND SEWER VENTILATION PROBLEMS OF
THE NINETEENTH CENTURY.

A Paper read before the Tncorporated Association of Municipal and
County Engincers, at ifs Annual Meeting in Liverpooi, on
the 215t fune, 1907. By Isaac SHONE.

73. Berore proceeding to deal with the subjects of this paper the
author begs to tender to the council of the Incorporated Association
of Municipal and County Engineers his warmest thanks for the honour
they have done him in inviting him to prepare a paper upon a subject
that relates to drain and sewer ventilation—for presentation at this
year's annual meeting of the association.

He is aware that the members of this asseciation are eminently
practical men, who attend their annual and other meetings to encourage
interchange of thoughts and experiences among each other, for the
purpose of acquiring knowledge and instruction upon general as well as
particular or sanitary engineering subjects—of which latter he ventures,
in all sincerity, to say there are none more in need of elucidation at
the present time, and certainly none more important, in the whole and
varied range of the professional municipal engineer’s curriculum, than
those which he has the honour in the pages of this short paper, to lay
‘before and to discuss with them.

For the reason just stated—viz., that the members of this associa-
tion are practical men, having almost every moment of their time and
‘attention continuously devoted to the daily increasing, not to say
complex, duties which the sanitary authorities, in whose services they
‘are, impose upon them, it would be out of place for the author to
~preface the remarks he proposes to make in this paper, with anything
‘approaching to an elaborate history of the evolution in this country,
of the drain and sewer ventilation questions.

74. Suffice it to say that, according to a report addressed on
March 18, 1858, to the London City Commissioners of Sewers and
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of air in them in the direction of the sewage flow"” ; it also recommended
“ that the stack pipes should be connected with the sewers without
the intervention of traps, in order to assist the ventilation, and there .
should be no trap between the trap at the inlet and the sewer.”

75. These proposals were adopted at Croydon—which was one
of the first towns to carry out works of sewerage under the General
Board of Health—uwith the result that some time after the works had
been executed, and were in use, an outbreak of enteric fever touk
place in that town. The Local Government Board, which was
formed by Act of Parliament in 1871, was in existence at this time,
and accordingly that board deputed one of its inspectors, the late
Sir George Buchanan, to report upon the outbreak ; and the state-
ments made by Sir George on the subject will, the author hopes, be
borne in mind by the members of the association, because they are so
transparently sound and correct, from his point of view, as sh'{:-wing
the more or less grave dangers which must always attend the act of
putting house soil pipes, and drains, in" direct communication with
public sewers, for ventilation purposes. The following 1s a copy of
the particular paragraph which the author desires should receive
special attention and be incorporated in his paper :—

“The air of the sewers 1s, as it were, ‘laid on’ to houses; it is
arranged that every house drain and every house soil pipe shall con-
tain, up to the very wall of the house and up to the very trap of the
water-closet, the common air of the Croydon sewers, not simply
charged with impurities it may receive from the particular house, but
charged also with any dangerous quality that it may have brought
from other houses; for hardly anywhere in Croydon can there be
found an arrangement for severing the sewer air from the air of the
house drain; so that wherever drain air has entered the house, no
matter by how inconspicuous a defect, and no matter whether it has
given rise to stink or not, it has been the air of the common sewer.”

The plan of ventilating sewers through street surface ventilators
was also, as you are all aware, approved of and prescribed by the
first chief engineer of the Local Government Board, the late Sir
Robert Rawlinson, in his valuable * Suggestions,” for the guidance
‘of municipal surveyors and engineers ; but the other subsidiary plan,
approved of by the General Board of Health, for ventilating public
sewers by house drains and soil pipes—as well as by street surface
ventilators—the ILocal Government Board disapproved of, as is
evidenced by sec. 63 of the latter board's model bye-laws, which were
based on the Public Health Act, 1875, and which were published in
*annotated ” form in 1877, under the auspices of the Local Govern-
ment Board, by Knight and Co., the Local Government publishers,
Sec. 63 of the bye-laws reads as follows :—
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subject of drain and sewer ventilation was very fully and ably dis-
cussed, but at which the members present failed to agree as to what
particular part or parts of the existing erthodox plans of ventilation,
or any modifications thereof, should or should not be recommended
foradoption by the London County Council.* Some of the members
who took part in the discussions at that meeting favoured the plan of
adding to the existing number of street surface ventilators, so that
they should be placed, say, at about 50 yd. or 6e yd. apart, and that
each street surface ventilating opening in the manhole covers should
be equal in area to at least 63 sq. in., as recommended by the
Metropolitan Board of Works in 1886. It would appear that in this
same year (1886) the late Mr. Mansergh advised the adoption of that
plan for the ventilation of the sewers of Hampstead. It was con-
‘tended, and still is, the author believes, by the advocates of the
Metropolitan Board of Works’ plan of ventilating sewers, that if that
plan had only been systematically adopted throughout the metropolis,
it would have given almost universal satisfaction, especially if it were
supplemented, as its advocates proposed it should be, with an ade-
quate number of high, street-ventilating shafts; air, it was claimed,
would then descend into the sewers through openings in the street
surface manhole covers, just as air descends into downcast shafts of
mines, and afterwards it would ascend out of the sewers through the
high, street-ventilating shafts, and back again into the atmosphere.
This at least was and is the theory propounded by the advocates of
this plan for ventilating sewers by natural means; and to get over the
difficulty connected with the ventilation of that part of the house
drain which lies on the sewer side of the interceptor trap, it was
suggested at the same metropolitan surveyors' meeting that an
entirely new or separate ventilating pipe should be laid right away
from the drain on the sewer side of the interceptor, up to and above
the roofs of the houses, as indicated by dotted lines on Drawing
No. zo.

What the author (and his partner, Mr, Ault) think of the proposals
gust enumerated, and what their views are with respect to the exist-
ing drain and sewer ventilation methods as a whole, and what it is
suggested should be done to amend them in the futurc, the author
will presently endeavour to explain.

79. The long and varied practical experience acquired in metallic
and coal mining and sanitary engineering generally has long since
led the author (as well as his partner) to the conclusion that drains
and sewers can be better ventilated on the positive down-draught
principle, brought about by mechanical means, than they can be by

* See Appendix IIL., infra, p. 222 ; Appendix IV., Part 1., infra, p. 226.
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these pipe openings have socket terminals in which are fixed air
pipes of the shape and form shown in Drawing No. zz. One of these
air pipes—the one which stands perpendicularly in its socket on the

DRAWING No. 22.

Ventilated Caver

ed Air Inlet
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DRAWING No. 23.

Fram Housel

sewer side of the interceptor—has a special cap piece at its upper
end, and to this is ftted a very sensitive and mechanically precise
magnalium reflux-valve, which opens freely when the current of air







Ventilation Problems of the Nineteenth Century 105

extent to which the atmosphere that is within and without dwellings
is polluted, by our permitting the air of the drains, soil and other
waste pipes to be in direct communication with the air of the man-
holes with which they are connected, is appalling, Take, for
example, the house drain on the left of the interceptor, shown in
Drawing No. 20, to be 4 in. only in diameter, and 66 ft. long ; and
that the manhole at the interceptor is 6 ft. deep, 2 ft. wide, and 3 ft.
long ; the cubical aerial contents of such a manhole would be about
eight times greater than the cubical contents of the drain itself. In
other words, by substituting the manhole ventilated from the open
air, and the covered drain and ventilated interceptor, shown in
Drawing No. 2z, for the arrangement which now prevails, and which
is shown on Drawing No. 2o, the volume of drain air in the immediate
vicinity of dwellings would then only be the one-eighth of what it
“would be otherwise.

84. The same remarks apply more or less to the polluted air of
‘manhaoles, which is in direct communication with the air of ill-venti-
lated public sewers, and which is so foul at times that many of the
workmen who are obliged to pass up and down them are rendered
‘unconcious by partial asphyxiation, and not a few of them are too
‘often killed outright by it. To prevent these deplorable preventable
accidents, all the street manholes (which are built over or on the
‘side of main sewers) that are, or may be, used by the workmen whose
business it i1s to see that the sewers are kept in a proper state of
repair, should always be adequately ventilated, either on the lines
‘or in the manner shown in Drawing No. 24 on p. 107, or preferably,
by converting the gully-drains into air-inlet or down-cast shafts. Itis
‘obvious that so long as the present unscientific and unphilosophical
state of things remains, the public must continue to put up with the
Insanitary consequences, while it is equally obvious to the author
that if the members of this association recommended their employers
to dispense altogether with non-ventilated interceptors of the type
shown on Drawing No. 20—i.e., in connexion with all new house and
| town drainage works—and substituted for it one of the ventilated
types shown in Drawings Nos. 22 and 23— preferably the one shown
on Drawing No. 22—a most important and far-reaching sanitary
improvement, upon existing methods, would immediately result
‘therefrom. Because the soil and other waste pipes connected with
the interceptors and drains, and with the sewers as well, would then
].‘IE ventilated, partly by the air which would be forced by water-
closet and bath discharges down the soil and other waste pipes into
the drains and sewers, and partly by the air that would flow by
gravitation down the soil and other pipes into the sewer, whenever
the air in the latter was of a lighter specific gravity than that of the

Drawing
No. 24.
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it was filtered and rendered perfectly innocuous before it was allowed
to escape to the external air. As they all knew, there were miles
of drains in most of their towns between the intercepting trap and
the sewer which were not ventilated, and for that among other
reasons he was one of those who believed in the abolition of the
intercepting trap on the house drain; but in the system before them
they were provided with an ingenious arrangement, shown on
Drawing No. 22, for ventilating, not only the drain on the house side,
but the drain on the sewer side of the trap, and therefore one of the
chief objections to the interceptor was got rid of. Moreover, by
sealing the drain at the bottom of the intercepting chamber, as
shown on Drawing No. 22, the usual air inlet was dispensed with,
and the chamber was not liable to be filled with sewage as was the
case when the trap happened to be blocked. Another great advan-
‘tage in the scheme was that it could be adapted to existing sewers
and drains without much difficulty and apparently without much cost.
If authoritics like the London County Council, who had control of
the large main sewers, could adopt a scheme of that sort and get rid
of the volumes of foul air which were bound to accumulate during
‘the dry-weather flow of the sewage, and which during certain states
of the atmosphere were practically stagnant, it would be a very good
~ step in the right direction. In conclusion, he wished to propose a
~vote of thanks to Mr. Shone for his valuable and interesting paper,
and for the elaborate drawings which he had prepared to illustrate
his scheme.

91. Mr. WiLLiam WEAVER (London) seconding, said that having
‘carefully read all the papers he had had on the subject, and seen a
little of the system, he was of opinion that Mr. Shone had cleverly
solved the question of properly ventilating sewers—provided they
were made airtight. 5o far as London was concerned, the root of
evil smells were the large main sewers; and the method of the
‘London County Council to get rid of the nuisance was to close up
‘the main air shaft, leaving to the local authorities the task of dealing
with the infuriated ratepayers who naturally objected to sewers
discharging their gases under their windows. [f the County Council
could be induced to undertake an experiment on one of their main
line sewers, thoroughly test the system, and apply it if successful to
the other main sewers of the metropolis, he did not think there
‘would be much left for the local authorities to remedy.

92. Mr. A. E. Corrins (Norwich) supported the motion ‘of
‘Mr. Dodd, observing that he looked upon Mr. Shone as the man
who, with his ejector, had made the only really fundamental improve-
ment in sewerage since the time of the Romans. Mr. Shone had
the advantage over most other people of having lived to see the
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fruition of this invention, and he hoped that such might also be the
case regarding Mr, Shone's system of ventilation. It would be
valuable if the London County Council would try the experiment
suggested by Mr. Weaver, and see if they could get the air purer in
their long lengths of sewers.

93. Mr. E. G. Mawpgy (Leicester) stated that they put down a
Shone installation to eighty houses in his town, serving a population
of 356. Although he was dead against Mr. Shone on the subject
to begin with, he ultimately saw something in the system, and
decided to try it. The old idea that mechanical ventilation would
(as carried out by Mr. Shone) unseal traps in drains had been
entirely swept away ; they had found that it was quite practicable
to ventilate the drains and keep a steady flow of air away from the
houses. They had had a great number of analyses taken of the air
both in the old and the new sewers ventilated by manholes and
those by shafts, and he could tell them that the carbonic anhydride
was substantially and uniformly reduced throughout the system.

94. Mr. A. M. FowrLer (Manchester), referring to the system of
ventilation introduced by the late Sir Robert Rawlinson, said that
at the time he (Mr. Fowler) was engineer to the Corporation of
Leeds, Sir Robert was experimenting at, among other places,
Worksop. There he had the vertical trays in the shafts made of
wire gauze filled with charcoal, the idea being that the sewer air
would filter through the gauze and deodorise. But the whole thing
was a myth, the charcoal lost its effect, the screens were choked,
and it was found that there was no draught whatever through them.
He believed that he was not wrong in saying that later on Sir
Robert himself saw the fallacy of the ventilators, Of course, the
objection to sewer air applied with greater force in large towns than
in smaller places from the fact that in the former the sewers were
much larger, and in times of dry weather, when the sewage was very
low and concentrated, the pipes were very highly charged with sewer
air. He did not call it sewer-gas, because they all knew that fresh
sewage was comparatively harmless, only commencing to be danger-
ous when it threw off sulphuretted hydrogen—which it did after a
period of about three days. At Leeds he made many connections
to mill chimneys. These were a great height, and even with the
furnaces down there was a Very considerable draught. But although
that was the case it was impossible to get a current down a sewer
from more than r5o yards. There were, of course, all the gully
outlets, which in a large sewerage system one could not expect to
get hermetically sealed. But great progress had been made since
that time with the subject of sewer ventilation, and he did not think
there was much danger to the inhabitants of houses, for they had
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got so perfect in the matter of disconnections and vertical columns
that one very rarely found any offensive smell near a house. He
was always willing to support any scheme that would promote the
subject, and for that reason was in favour of the idea of putting
down a small installation so as to show if possible to the world that
this was a perfect success. That would be the most practical and
crucial test that they could possibly have.

95. Mr, T. Reaper SmiTH (Kettering) said that there were many
points of difference between mine ventilation and sewer ventilation.
In mines there were usually only two openings—a downcast shaft
and an upcast—and ventilation was easy until one came to the
working faces, where it was largely dependent on sheeting .which
allowed heavy leakage. It seemed to him that the suggestion that
by means of Mr. Shone's system it was possible to ventilate long
lines of outfall sewers was very practical, but there were a great
many openings along a line of sewer through which air was continu-
ally entering, although some of those could, of course, be controlled.
The thing resolved itself into a practical consideration of the ques-
tion: How far would the effort of a fan extend along a line of
sewers having these various air inlets? An answer to that would
give them some idea as to how many centres of ventilation it would
be necessary to establish in a system, and at the same time furnish
some indication of the expense,

96. Mr. W. J. SteeLE (Bristol) * was of opinion that sewers were
mtended for the conveyance of the refuse of a community, and
contended that the necessity for adopting any special means to pass
atmospheric air through a properly designed sewerage system had
never been proved. The trend of the discussion at that meeting,
like so many others on the same subject, seemed to imply that the
adoption of some special means was an axiom, but he ventured to
Suggest that it was only an assumption based upon conclusions
arrived at too hastily, It had been thought that if no means were
undertaken, the water seal in the numerous traps would be forced.
Had it ever been proved that any large sewerage system was so
perfectly airtight throughout, that the air pressure created during a
heavy rainfall, or by the rise of the tide at sea outfalls, was so great
as to cause the water seal in a considerable proportion of the traps
to be broken? If this condition does occur, then most undoubtedly
special means should be adopted in Bristol, where a large area of the
sewerage system was tide locked twice a day. No special means
were adopted in Bristol, and the manhole covers were closed, yet
the general and zymotic death rates would compare most favourably
with any town of similar size in the country, What would they gain

* See * Bristol ” in Appendix vi. page 204, infra.
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Ventilation "’ which the writer presented to the district meeting of the
association when they did him the honour to visit Grimsby on
April 23, 1904, among the conclusions which he arrived at, he stated
that, in his opinion : (4) The mechanical removal of sewer air by
fans is too expensive for ordinary use in towns. (6) That the solu-
tion of the problem appears to be the adoption of a large number
of reasonably sized ventshafts at frequent intervals (this being prac-
tically the adoption of surface ventilation at the level of a horizontal
plane a few feet higher than house roofs); the ventshafts to be
provided in all cases with rust pockets. (7) That sewers must be
regularly and frequently flushed, so that putrefactive matters may be
removed before the production of foul gases commences. (8) That
the ventilation of the length of drain between: the sewer and the
intercepting trap sheuld be arranged for and carried out by the
person building at the time of the erection of the property.

101. Mr. SHONE replied shortly to the remarks of some of the
speakers. He said he had often heard that the Bristol sewers were
not ventilated, but he himself always thought that they must be
ventilated in some way or other, which only systematic investigators
of them could discover and elucidate. Non-ventilated sewers where-
ever existent could not fail to be a source of danger to the people
in whose towns they were to be found. The undulating character
or configuration of Bristol doubtless favoured an amount of natural
ventilation which had hitherto been unobserved. To cite the Bristol
sewers as being worthy to be imitated elsewhere, seemed to him
from a sanitary point of view to be most impolitic, not to say a
dangerous thing to do, because it was obvious to him, as it would
be to others, that if 1t were wrong (which, of course, it was not) to
ventilate the sewers of the twentieth century, then the premier
sanitary axioms of the premier sanitarians of the nineteenth century
were not only set at nought but rendered absolutely ridiculous. He
believed, however, that the nineteenth century methods of dealing
with the air of such seil pipes, drains and sewers as were described
in his paper were doomed to come to a speedy end in the twentieth
century, and those methods he confidently predicted would be
superseded by scientific methods devised on the lines indicated in
his paper. But most certainly they would not be superseded by
the methods which are in vogue in Bristol, where it was alleged the
drains and sewers were left to ventilate themselves! Mr, Caink’s
statement that it was unnecessary to ventilate sewers, because the
only living things in them were rats, was not in accordance with
everyday practical facts bearing upon the problem. In the sewers
of London, for example, there were at times armies of men employed
to maintain them in working order; and he knew, as a matter of
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Mr. Caink and others, that the larger the volume of fresh air that
was circulated in sewers the larger would be the volume of foul air
that would get out of them into the atmosphere of our house
premises and streets, was absurd—e.g., if one poured into a vessel con-
taining 1 oz. of pure whisky 3000 oz of pure water, the 3oo1 o0z
of liquid which the vessel would then hold would not be pure whisky
but pure whisky diluted with 3oco oz of pure water. In the same
way if one diluted one volume of sewer-gassed air, which would
asphyxiate men working in sewers, with 3ooo volumes more or less
of normal pure air, the resultant volume could be breathed, as the
air of a well-ventilated room was breathed with impunity. With
regard to the very practical question put by Mr. T. Reader Smith
(Kettering) he desired to say that he hoped presently to supply the
necessary replies in book form. In the meantime he might state
that two separate egg-shaped sewers, 3 ft. by 2 ft., each to be 2 miles
long, or 4 miles altogether, flowing two-thirds full of sewage, and
having 1408 house drains, and 282 street gully drains connected to
them, and for each connection to contribute § cub. ft. of fresh air
into them, plus 50 per cent. as an allowance for leakages, could be
efficiently ventilated by a fan requiring the one-fifth of a horse-power
to drive it and for the motor to use about 8 Board of Trade units
of electrical energy, costing, say, 14. per Board of Trade unit, would
amount to 34. per day only, or at the rate of about 14. per day per
roco of the population. The water-gauge vacuum necessary to
create, to effect the ventilation, would be under 1 in. at its maximum
—i.e., at the fan—and the plenum necessary to force the air through
the filter and up the outlet shaft into the atmosphere would be equal
to about § in., or 1} in. of water altogether. But at no house-drain
interceptor, or street-gully trap, would the vacuum caused by the
working of the fan required to ventilate the two separate hypothetical
egg-shaped sewers, each to be 2 miles in length and both to converge
at or near to the fan chamber, exceed } in. of water, and consequently
there need be no fear whatever that any of the traps named would
be unsyphoned, as Mr. Mawbey’s practical experience of the system
at Leicester—he was glad to find—had enabled him to testify.
Some engineers had drawn his attention to the fact that sewers which
were the recipients of both sewage and rainfall at times were inun-
dated, when of course the house drains on such occasions were
inundated also, and the sensitive reflux air-valve fixed above the
house drain interceptor, as shown in Drawing No. 2z, would be liable
to be submerged in sewage waters, in which event it had been sug-
gested the reflux air-valve would be disarranged, and would not
afterwards—pro fem. at least—work properly. But where sewersand
drains were liable to be flooded, the air inlet and reflux-valve should
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possibility of air of any kind from public sewers having access under
any circumstances into the house drains; and whilst I am not pre-
pared, without better reasons than at present exist, to advocate the

DRAWING No. 25.

X

total abolition of the intercepting trap, 1 would strongly advocate
that in all cases where the drains are liable to the effects of back
pressure previously mentioned, a tidal back pressure ball valve
should be fixed in the manhole at the junction of the house drain
with the public sewer. The type of back pressure preventing ball
valve I allude to, and shown in the accompanying illustration, was
invented and patented many years since by the late Mr. George
Jennings, and has been most satisfactorily adopted in numerous
instances. Its action is most reliable and simple, and, as will be
seen by the illustration, the ball is tightly forced into the mouth of
the house drain by its being raised by the rise of the tidal or storm
waters in the manhole. The hope that my remarks on a matter of
universal interest may be considered of sufficient importance to
justify you in publishing them is, I trust, an ample excuse for the
length of this letter.
Yours, etc.,
(Signed) WALTER JENNINGS.

67 LAMBETH PALACE ROAD, ] D
Awngust 1, 1907,
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interceptor trap; we have had the high ventilating shaft with or
without heat in various forms, and we have had combinations of each
and all of them, But all these have at best been mere palliatives,
and the primary and essential causes of insanitary drainage and
sewerage have either not been hit upon or at least have not been
effectually removed. The chief reason of this, 1 think, is the
persistent tendency in men’s minds to rely upon unassisted “ nature.”
They seem to dwell too exclusively on the #us medicalrix nature ; to
imagine that if left alone she will provide her own remedies. They
forget that she is a many-sided entity and is subject to mischievous
as well as beneficent crises. To avoid the former and enhance the
latter she requires to be corrected, guided, regulated, marshalled.
The history of all sanitary science is a proof of this. Indeed, it is
far too late to raise the cry of  natural remedies.” That notion was
exploded when the “water carriage” system of drainage and
sewerage was established some seventy or eighty years ago in
substitution for the cesspool and still more primitive methods of flth
disposal which had ﬂnuriJAhEd unmolested for many centuries,

Of course the word ¥ nature” in this connection is used in a
popular sense ; in reality nature and her laws will never be denied.
All inventions and contrivances for lessening or preventing the evils
of existence, or for adding to its amenities or comforts, are after all
nothing but the application of laws of nature previously overlooked
or disregarded, as the wire conductor frustrates the mischiefs of the
lightning. And the same considerations apply in the strictest manner
to the system of ventilation which I venture to propose. There is,
and there can be, nothing in it that is not strictly in conformity with

and in pursuance of natural laws. The water-carriage system of

sewage removal was a revolution—a right and righteous revolution
in itself—but, as experience has proved, it bad its initial and inherent
dangers. And it is too notorious to require proof that those dangers
have to this day never been properly removed. All attempts
hitherto made with that object have been more or less abortive :
and in many instances have been even mischievous. The air of our
drains and sewers, and even the breathable air of our streets and
houses, is still often polluted to an appalling extent. How this state
of things continues possible, and is indeed caused, will be obvious
from the following brief description, which is illustrated by diagrams,

109. Figs. r and 2 on Drawing No. 26 show how, according to
the “ First Report of the Metropolitan Sanitary Commission,” which
was dated September 24, 1848, street gullies and house drains were
permitted to be coupled up to the Public Sewers.

Fig. 1 is a transverse section of a part of a street showing an
tgg-shaped sewer under it. This Drawing shows an open hopper-

K
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many of them are still, badly ventilated, the whole body of the air

within them must also be foul and insanitary in the extreme., It is

not, therefore, surprising to find that public sewers which are thus

unscientifically ventilated, when coupled up to unventilated gully and
' house drains, give offence to the people who live in the houses built
~ on either side of them—and still more to those who walk over or
f-near to the street gullies placed at the side of the streets ; or over or
" near to the perforated iron covers, which are placed in the centre of
 the streets over the tops of the sewer manholes.

The conditions being as thus stated, we find it prescribed that
~ sewers should be “naturally” ventilated by placing ventilating openings
in the iron covers of street manholes, at intervals of 50, 6o, 70 to

100 yards. At the same time it is prescribed that the aggregate
isecﬁﬂnzﬂ area of the ventilating air-spaces in each manhole cover
" shall be 6o sq. in. (which is about the area of a ¢-in. pipe).

In this combination, there is a total disregard of the dimensions,
lengths, and gradients of the sewers to be ventilated. These methods,
I suggest, are entirely unscientific and must produce many insanitary
i effects. ;
' 111. The force of these statements will be better understood by
looking at Fig. 2 on Drawing No, 26. The arrows indicate the
way the foul air of the gully and house-drains would be forced out
- of them, through the street-gully and house-drain interceptors, when-
“ever the sewage in the sewer rose to and above the letter “ A" We
‘will assume the gully drain to be 6 in. diameter, and that it is 14 ft.
. 6 in. long from its lower end at “ A,” to its top end at “ C.”

The cubical air contents of the drain between “A"” and “C"
* under those conditions would be 2°848 cub. ft. If the water-seal of
~ the street gully trap was 6 in. in depth, the volume of sewage needed
| to nse in the gully drain above the level “ A,” to force air out of the
‘gully into the street as shown by the dotted arrows, would only be
‘about a quarter of a gallon.

The proof of thisis extremely simple, as can be demonstrated by the
. following calculations. Everybody knows Boyle's Law—that with
‘4 constant air temperature the volume varies inversely as the pressure
“or elastic force,

- Let us then assume that the normal pressure of the air is equal to
. 14°7 Ib. per sq. in. This is equal to the weight of a column of water
34 It or 408 in, in height.

_ Assum ng again, as before, that the water seal of the street gully
‘frap is 6 in. in depth, how much water entering the gully drain
from the sewer will suffice to unseal it? In other words, how
' o uch water flowing up the gully drain from the sewer will suffice to
€xert pneumatic pressure enough within the drain containing the
K 2
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Observations Elucidating Paper in Appendiv I, 149

520 ft. per second respectively, and of course such abnormal sewage
velocities would be sure to have the effect of dragging the air from
the upper to the lower end of the sewer, as recorded in Mr. Crimp's
paper. Moreover, as the two self-registering maximum and minimum
thermometers used to ascertain the temperature of the sewage and
the air of the rz-in, sewer were fixed at the point on the section
marked by me with an asterisk, which it will be observed is practically
on the steepest part of that sewer, the recorded temperatures would

DRAWING No. 29 —MR. S. CRIMP'S EXPERIMENTS {oordin ),
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be more or less misleading, as evidence of what obtains in sewers
laid at suitable gradients and working under normal conditions,

Mr. Crimp stated that the fan used for the purposes of his experi-
ments was a “ Capell” one, and that it could exhaust 18,000 cub. ft.
per hour, or 300 cub. ft. per minute out of the sewer. This volume
if extracted out of a 12-in. sewer with 2 in. depth of sewage in it
would travel at a velocity of 64 ft. per second ; but no tests appear
to have been recorded to show that the fan drew 3oo cub, ft, per
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between E and F, would or ought to result also in making the drains
marked B and C in the inspection chamber act as air-inlets, and their
terminals, marked respectively D and G, as air-outlets. The prin-
cipal air inlet marked A which is placed outside the inspection
chamber, on which is fixed a mica flap valve, would feed the inspec-
tion chamber and the two air inlets B and C with fresh air, and thus
they would be made to act the part of two distinct low level air-
inlets for two high level air-outlets, marked respectively D and G,
in which case of course the owner of the house would save the cost
of providing and fixing the special air-pipe from E to F. Such a
pipe including its terminal, fixed, would probably cost in heavy
lead rol, and in heavy cast iron 4/

CRAWING No, 31.
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146. Now, if instead of providing one of Mr. Maguire's special
ventilating pipes, an arrangement such as is described hereafter at
page 246 were fixed on the main drain, all the improved venti-
Ia_tmn which Mr. Maguire’s plan could bring about would be obtained
without it ; with the further all-important advantage that the drain
between the interceptor and the public sewer would be ventilated at
the same time.

147. "T'he ventilation of that part of the house drain that lies on
the sewer side of the interceptor seems to have escaped Mr. Maguire's
attention ; at any rate he makes no provision for it, as a glance at his
" access chamber,” of which Drawing No. 31 is a copy will at once
show. This of course is not surprising, as at the date when his book
was Pub]ished —1896—the Hydro-mechanical system had not yet
been invented ; and moreover probably he, like all other precfessional

Drawing
No. 31
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206 Sanitation of Drains and Sewers

induce owners of prﬁpert}r to increase the flushing of the private
house drains so as to keep them clear, we shall find there are
fewer complaints of smells from open ventilators in the streets.
As far as the Hampstead district is concerned, the death rate
has not gone up, which is pretty conclusive proof that the
steps now being taken are in the right direction. If we can
possibly come to some consensus of opinion as to what is the
best thing to be done, it will fortify and strengthen our in-
fluence very much when we come before the Conference on
Friday next. Personally, I have not much confidence in con-
ferences, because we do not generally come to very practical
conclusions ; but I do hope we shall so thrash the subject out
to-night as to help us to arrive at some practical result. Mr.
Weaver has furnished me with a copy of his report on Sewer
Ventilation, etc, in which he states that, in his opinion, the
introduction of intercepting traps is the cause of all the trouble.
In favour of free and open ventilation, I see Mr. Weaver quotes
two very high authorities on the subject, viz. Dr. Simon, late
Medical Officer to the Privy Council, who assured him that he
was strongly in favour of free diffusion of sewer air, as against
its concentration in the sewers ; and also Dr. M. Kirchener, of
Stuttgart, who in 1816 wrote as follows: “ A distinction is
drawn between sewer air and sewer gas, and it is pointed out
that the latter can only form in sewers which contain dead
air, and in other places where effective ventilation is wanting.
In weli-constructed sewers the contents pass away freely and
rapidly without undergoing putrefaction, and the air in such
sewers is in no way wsnhealthy. The house drains and soil
pipes are much more likely to engender evil smelling and
injurious gases than are the sewers” I do mnot consider
that pipe ventilators put up in my district have been by
any means a success. I have rarely found any satisfactory
action going on in the pipes; no doubt these pipes are an
casy way for the surveyor to get out of a difficulty. He
receives a complaint of smells from an open ventilator,
which he blocks up, substituting for it a pipe ventilator, and
often the only result is that additional pressure is put
on the nearest surface ventilator. So far as my district is
concerned, the upright pipe ventilators have not been
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weight at the Conference ; otherwise, if there are forty of us
there, and we have about thirty different opinions, our views
will have very little weight with the authorities. Of course, as
you know, under the present statute, each drain is required to
be ventilated; but in modern practice the ventilation of a
drain is only partially carried out, as the ventilator only venti-
lates that portion of the drain between the intercepting traps
in the front and its termination at the higher end. I maintain
that only a portion of the drain is ventilated, and that the
length of drain between the sewer and the intercepting trap is
not ventilated in any way. If the County Council under its
new by-laws insists upon an intercepting trap in the front of
each house, I propose that a ventilating pipe shall be carried
up on the sewer side of the interceptor. If there is no inter-
cepting trap, then of course the ventilator at the end of the
drain would answer all practical purposes. There is one other
point which I do not refer to in my printed report, but is in-
cluded in the resolution which I wish to move, that where an
intercepting trap is placed on the main line of a house drain, a
flap trap should not be fixed on the outlet of the drain, except
in special cases where directed by the local authority ; that
would be in such cases where there is a risk of flooding, so as
to prevent back flow from the sewer, At the present time, on
an average, I unstop about twenty drains a week, and almost
the unvarying report of the sewer men is that the siphon trap
is choked with grease, or that there is an accumulation of fat
behind the flap trap, which the flow of the drain, owing to its
being so diminished in force by passing through the intercep-
tor, has not had sufficient power to force into the sewer. Ina
great number of cases, at the request of the owners, I have re-
moved the flap traps altogether, or fastened the flaps up to the
sewer. To meet the further evil which exists where intercep-
tors have been fixed on the drains throughout a district, I pro-
pose that the local authority be armed with powers to carry
ventilating pipes up buildings wherever they deem it necessary
for the ventilation of the sewers. I fix a number of thesc pipes
annually, as directly I receive a complaint of an offensive ven-
tilator, I enter into correspondence with the owners and per-
sons interested in the property in order to get the necessary
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of which there are several in the market ; these columns all
mean extra expense, and I always endeavour to keep down
the rates rather than increase them. In this particular matter
I think the duty of the householder is to help in getting rid
of the smells which the householder creates, and not that the
public rates should be burdened either by the erection of
columns with gas burning or with exhaust fans, because what-
ever effect they had upon the sewers, they would certainly
have the effect of increasing the rates.

207. Mr. J. P. NORRINGTON : I am afraid I am not going
to show that unanimity which Mr., Weaver has assured us is
so desirable, as I do not agree with him on this matter. I
was very pleased to hear from Mr. Lowe that his Board had
adopted the advice given them by Mr. Mansergh, and had
constructed surface ventilators about 60 yards apart. That
was the recommendation of the Metropolitan Board of Works
in 1886, and it was afterwards emphasized by them about 1887
in a report which Mr. Weaver refers to in his report to the
Kensington Vestry. On page 10, paragraph 10, of Mr.Weaver's
report, the recommendations are quoted as follows: “ That
the surface ventilators to the recently constructed sewers have
ordinarily been placed at a distance of from 50 to 6o yards
apart, with air openings in the gratings equal to 60 square
inches, and that the number and size of many of the venti-
lators on other sewers in the Metropolis should be increased.”
- Then the recommendation goes on to say, “ That the amount
of ventilation afforded by large special ventilating shafts is in
N0 way commensurate with their cost, and that the adoption
of such shafts, with or without fire heat, or the connexion of
sewers with factory shafts, can only be adopted in very ex-
ceptional circumstances. Where shafts with fire are used, the
sewer gases should be allowed to pass into such shafts over,
as well as through the fires, otherwise the amount of venti-
lation afforded will be very much limited.” Some time ago I
made experiments as to the value of ventilating shafts, and
the facts I ascertained were unfavourable to their use, I wish
to urge the surveyors who are present to make experiments
for themselves before attending the Conference on Friday
next, and I think that if such experiments are made my
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I opinion will receive a great deal of support. The figures I H
i propose to lay before the meeting are the result of tests made
i’ by myself in 1804, and they were published in the ‘ Surveyor’
i of December 28, 1894. My attention was called to the
I matter by the report of the Borough Surveyor of Leicester,
which appeared to me to be one with which I could not agree,
The tests were very carefully made, and the result of a trial
of 26 surface ventilators was that without any exception they
acted more or less vigorously, the average result being that
43 cubic feet of air per minute, or 2580 cubic feet per hour,
passed in or out of the sewers. I examined at the same time,
and under the same conditions, 12 ventilating shafts, some of
which had been erected by the London County Council and
some by my Vestry. I am sorry to say of those shafts only
three showed the slightest movement. In two cases I con-
sidered that the air in the sewer was under pressure, and the
shafts were acting as a kind of safety valve. But in any case
only three acted, and the net result was that only 4°25 cubic
feet of air per minute, or 255 cubic feet per hour, passed
through them ; T call that a very insignificant and deplorable
result.

Mr. WEAVER & Where did you put your anemometer ?

Mr. NORRINGTON : At the top of the shafts, and I made
a special arrangement to protect the anemometer so that the
wind had no effect upon it, and that there should not be the
slightest doubt about the figures. I could not help feeling
that the whole of the money spent on the construction of
these shafts—some of them cost as much as 20/—had been
utterly wasted. It is a common practice among Surveyors,
where they receive complaints of surface ventilators, to erect
shafts, and in my opinion their erection is nothing more or
less than a sort of subterfuge. You check the ventilation of
your sewers—but you appease the clamour of the people who
complain. I do not think it is worthy of us as engineers.
We are, however, all sinners alike, it is only a question of
degree ; and the County Council are perhaps as bad as any-
one in this respect. The method adopted by the Hampstead
Board' of increasing the number of surface ventilators is
undoubtedly the proper one, and, although recommended in
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1886, it has never been fairly tried by the London County
Council, for none of their sewers have ventilators 6o yards
apart, the distance being usually 200 or 300 yards, conse-
quently you have 300 yards of sewer full of more or less
offensive gas, and directly there is a little pressure in the
sewer a very strong smell arises, and complaints are the
result. I do press this meeting to consider whether we ought
not to revert to the original recommendations and practice of
engineers. I do not say that all shafts are useless, but I do
say that the ordinary shaft which is not assisted in any way is
useless. We know that shafts have been erected with gas-
jets burning inside, and no doubt the gas burning will create
a current of air—but at Hereford two of these even gave
very little result. They cost each of them about 7/ 13s. per
annum, and the result was 12 cubic feet per hour. What is
the use of that as a result? Even Mr. Weaver admitted he
did not consider these shafts of any very great value, and
that they simply had the effect of causing the complaints to
cease. I still hold the opinion which I set forth on Decem-
ber 28, 1894, that it is advisable for engineers to collect and
publish more data for the purposes of comparison as to the
efficiency of shafts before closing the surface ventilators, It
is the ill-ventilated sewers which cause complaints to be made
of the surface ventilators, and I strongly advocate that it is
desirable to add to rather than diminish the number of surface
ventilators until some better means of ventilation can be
obtained.

Mr. READ : I should like to ask Mr. Norrington if the 12
ventilating shafts he mentions were in the neighbourhood of
the 26 surface ventilators,

Mr. NORRINGTON : Yes, sir; in the same neighbourhood
and some on the same sewer.,

208. Mr. READ : That being so, I do not think he could
€xpect any other result, because the outlets must be in excess of
the inlets if there is to be any ventilation at all, and they must
be arranged and proportioned to agree with the action of the
sewer. We are all agreed that ventilation is. a necessity which
cannot be avoided, because if you do not provide the means of
ventilation a'sewer will ventilate itself. The whole difficulty
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cepting trap, instead of being a safeguard, is a danger, because
it provides the gas which is to poison the household. If the
drain is sound—and we have now means of testing drains by
the smoke test and otherwise, so that they can be made sound
—it does not matter what you pass through it. If the drain
is outside the house then there is even less reason for putting
in an intercepting trap. Ventilation itself does not produce
the nuisance, it simply calls attention to a nuisance. The
effect of these intercepting traps is that when a lot of drains
are run into a sewer, and each drain is trapped, they are
supplying the sewer with sewer gas, and no amount of flushing
which the authorities can do in the sewer will get rid of it,
because directly the flush ceases the drains will again pour in
sewer gas. The initial point of flushing should be the head
of the drain at the water-closet or gully : and the whole of the
flushing that goes through the drain is then available for
flushing the sewer afterwards. If the drains are laid as they
ought to be with good falls, and if the sewers are laid with
good falls—and I contend that the sewers are generally the
better of the two, for they are laid by experts, and the drains
perhaps by labourers—you get a good result; and in the
absence of interceptors you get the sewer and the drain acting
together, ventilating the whole system in the most natural
and perfect manner, and reducing the sewer gas to harmless
sewer air. To my mind ventilation must consist of both inlets
and outlets, and you cannot have a proper system of ventilation
without it. The inlets should be small and at the road level,
and the outlets large and numerous above the roofs; their
action would then be constant in one direction. The pro-
position of putting in larger road surface ventilators for sewets
is a very old one. It was made by Mr. Mansergh in con-
nexion with the Gloucester sewers in 1877. Mr. Mansergh
recommended the surface ventilators to be 6o yards apart,
and they were made so, and have been so ever since, but
nevertheless we have complaints of sewer smells from time to
time, the same as you all have. The remedy for defects of
sewers and drains is reconstruction and flushing combined with
free ventilation properly applied, but if you depend upon ventila-
tion alone I am afraid you will not be able to remedy the evil.
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209, Mr. P. Dopp ; 1 should like to ask whether the venti-
lating shafts experimented on by Mr. Norrington were ordinary
iron pipes, and how long they had been erected, because
ordinary iron pipes which have been fixed for some time are
liable to become choked with oxidation. I should also like
to ask whether connexion with the manholes was made in the
form of a bell mouth, as it is generally admitted that the pipes
should not be of the same diameter throughout. If, for
instance, a 12-inch pipe were fixed at the manhole and
gradually reduced to 6 inches, I think a much better draught
would be obtained.

Mr. NoRRINGTON : In all cases where a shaft was erected
the nearest manhole was closed, because the shaft was erected
in consequence of the complaints of the manhole. The sur-
face ventilators 1 made the observations upon were on the
same system as the shafts. The shafts in some cases were
fairly close to the surface ventilators, and in others a good
distance away. With reference to the construction of the
shafts, the results I obtained were so astounding that I took
the trouble to re-open them to determine if there was any
stoppage, and I can assure Mr. Dodd that I found no obstruc-
tion whatever in any of them. Whether the shaft was a
6-inch or a 4-inch one, I put a g-inch pipe from the nearest
manhole to the bottom of it.

Mr. Dopn: I think all iron ventilating pipes should be
calvanized or glazed inside, otherwise, as 1 have stated before,
they become completely blocked at the bottom of the pipe
with iron rust in about two years' time. I quite agree with
Mr. Weaver, where interceptor traps are insisted upon, in
having a ventilating pipe for each house on the sewer side of
the trap. If not, miles of drains between the sewers and the
trap would remain unventilated. Also the street surface
gratings ought not to be sealed, because it is desirable to get
as many openings to the sewers as possible, in order to pro-
mote as much as possible the circulation of air through the
sewers and the ventilating pipes.

910. Mr. W. N. BLAIR : 1 want to give some more figure
rather in contradiction to what Mr. Norrington has said. They
are also facts: some of them taken some years ago. The
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figures were taken at Bootle in 1892. We had there an outfall
sewer, with manholes and ordinary surface covers about 100
yards apart. This sewer received the effluent from the gas-
works, it was very foul indeed, and was tide-locked twice in
the twenty-four hours. Therefore the whole volume of air
displaced by the tides was forced up the sewer out of the
manholes on to the carriageways. We had so many com-
plaints that the Corporation felt they must do something to
try to relieve the difficulty. We therefore put up one of
Holman’s sewer ventilating columns, and after that had been
working some time I found that it was passing 2430 cubic
feet per hour, the velocity in the shaft being 235 feet per
minute. On another occasion I tested the same column, and
the test showed that it was passing 2640 cubic feet per hour
with a velocity of 260 feet per minute. This was done at a
cost of 10/. or 12/, per annum for gas. We then put up some
plain 6-inch pipes—heavy rain-water pipes—tarred inside and
out, and in one we got a result of 2626 cubic feet per hour on
one occasion, and on another occasion 1492 cubic feet. With
another plain 6-inch shaft we got 2520 cubic feet per hour,
and with a third one 2356 cubic feet per hour ; so, if you take
them on the average, we got quite as much result from a
6-inch plain pipe of 35 feet height, as we get from a Holman
column, which cost us 12/ a year for gas. Let me give you
another set of figures taken in London. The northern end
of my district rises to 430 feet above Ordnance datum, the
greater part of the rise, about 230 feet, occurring in a distance
of about half a mile. The gradient of the road is about 1 in
I0 or IT, and the sewer, which is 3 feet 6 inches by 2 feet
6 inches, follows the same gradient, and, being connected with
the main drainage system of I.ondon, you might naturally
expect to find a considerable amount of smell coming from
the ventilators on that sewer. That has been the case, and
it has been flapped off. First of all, I cut that sewer into
three lengths, with a sheet of india-rubber about % inch thick,
with light battens fixed on the rubber to prevent it buckling
up. A short distance below each of these flaps I got in a
Pipe connexion up to a building near the road, and erected a
Plain shaft in two cases, and in a third case connected on to
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fered with the ventilation of the main sewers. But we must
remember for what purpose, and under what conditions, the
siphon was introduced. It was introduced with the object of
shutting off the gas in the main sewers from the house drain,
because at that time house drains were not to be relied upon
as to being either gas or water-tight. Now we can rest assured
that drains constructed under the modern requirements of
almost any corporation’s by-laws are both air and water-
tight, there can be no harm in allowing the air from the sewer
to pass through the ventilation pipe provided for the venti-
lation primarily of the drain. At the same time, I think there
are many of us who would hesitate to have a drain passing
under our houses to ventilate a public sewer, Where the
drain is in a garden no one need hesitate, There is one other
consideration which should come in at this point, that is, that
no connexions with any drain so constructed as to ventilate
a sewer should be allowed within the house. Many of us here
know how slight is the seal of some gullies, and how the dis-
charge of a closet will cause pulsation in the trap of any gully
Sometimes you will see the water oscillate up and down per-
haps an inch in extent. Such action might unseal the gully,
and if the gully were within the house, that would admit the
air of the sewer into the house. Therefore, where gullies are
necessary inside a building, I say most emphatically that the
drain into which those gullies discharge ought not to be used
as a ventilator for the sewer. But there are many cases in
which drains might, without any harm, be so used if the
owners could be persuaded to allow it. But there is some-
thing in the point Mr. Weaver mentioned, although he put it
down to statute; it is a by-law which requires every person
to ventilate the whole of the drains of his premises, but by
trapping off by a siphon you may have a length of drain,
perhaps 40 feet, which is not ventilated. [ think the owner
should be required by the by-law to ventilate that portion
as well as that which is above the siphon, and therefore to
that extent we are justified in asking the owner to provide an
additional ventilating pipe for the portion of the drain below
the siphon. That would ventilate the sewer, and at the same
time it would leave the house drain free from any risk which
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there might be if sewer air were passing through it. As to
the first suggestion Mr. Weaver makes in his report—that “it
shall be compulsory on the owner of the premises to carry up
a ventilating pipe not less than 24 square inches in sectional
area from the sewer side of the interceptor up the front, side,
or back of the house, to the satisfaction of the local sanitary
authority "—there comes in the difficulty as to the position.
The defacement of the property would no doubt influence
many people in resisting any such order. With regard to the
complaints of manholes on the surface of the streets, while I
am a strong believer in them, at the same time T quite sympa-
thize with Mr, Weaver's views of them in such a district as
Kensington, where there are so many macadam roads. No
doubt a great amount of grit and sediment does get into the
sewers through these manholes, and causes a deposit of the
very material in the sewage which afterwards begins to fer-
ment and give off the smells which cause so much trouble.
The suggestion to put buckets in the sewers at these places
only leads to further trouble; those who are supposed to
empty the buckets do not always do it, then they spring their
hangers, and fall to the bottom and cause a bigger block in
the sewers than ever. Where you have liability to get mac-
adam and grit into the manholes, as, for instance, after cover-
ing the road with new macadam, it would be desirable to keep
the buckets in, but I would not keep them there per-
manently.

911. Mr. WEAVER : I think the only way to test the feeling
of the meeting, so as to enable me to put my resolution next
Friday at the Conference at the London County Council, is
to put my resolution to the vote. I shall not move that reso-
lution next Friday unless I feel it commends itself to my
brother surveyors. 1 therefore move, that it is desirable that,
in connexion with any interceptor hereafter fixed on a main
house drain, it shall be compulsory on the owner of the pre-
mises to carry up a ventilating pipe not less than 24 square
inches in sectional area from the sewer side of the interceptor

‘up the front, side, or back of the house, to the satisfaction of

the local sanitary authority.
Mr. BLAIR formally seconded the proposition.
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Sthone Hydro-mechanical System 253

that this small fan was capable of dealing with a much greater
district, The author, therefore, decided to connect up, by lifting the
penstock in the manhole near the fan, the sewers of the adjoining
Narborough Road district, and regulated this penstock until the
volume of air drawn from the ventilated area was reduced by about
one-half. The actual volume extracted from the adjoining district
was 421 cub. ft. per minute, and the total volume from the Paton
Street district 473 cub. ft. per minute.

“A total volume of 190° o1 cub. ft. per minute was then admitted
through the twenty-seven inlets on the ventilating pipes at an average
velocity of 143" 4 ft. per minute, representing an average volume per
inlet of 7°o4 cub. ft. per minute or an average volume per house of
322 cub. ft. per minute. All the inlets were acting,

“This reduced the proportion of current consumed to six units
per twenty-four hours per eighty houses,

““As, however, the volume per house per minute was still
much 1n excess of that necessary for ventilation, the penstocks
for the respective districts were adjusted so that a volume of
746 cub. ft. per minute was drawn from the adjoining district, and
the volume from the Paton Street district was reduced to 142 cub. ft.
per minute,

“ This is a remarkable advance on the results first obtained, when
the total volume entering the twenty-seven inlets was only one-ninth
of that delivered through the extraction shaft.

** This means that the air in the private drains was changed with
air drawvn direct from the atmosphere, 5oz times per twenty-four
hours, or about once every three minutes, whilst the air in the
ventilated sewers was, roughly speaking, changed 309 times per
twenty-four hours, or once every four and a half minutes,

“ Mr. Shone contends that 4 cub, ft. per house per minute, with
an average of 5 persons per house, is ample for efficient ventilation,
as against the 1°73 represented by this expenditure of current.
Under these circumstances, the air in the private drains would be
changed 145 times per twenty-four hours, or approximately once
every ten minules. The current consumed would be reduced to
2/, 7. 4d. per thousand population per annum (at 14. per unit), which
equals o°574. per head per annum. :

** Respecting the fresh air inlets, these experiments convinced the
author that in consequence of the varying local conditions wherever
this system may be applied, it was impossible to theoretically calcu-
late and determine the most efficient area of opening required for
the individual inlets, and that a terminal should be so designed that
after fixing it could be adjusted to admit the volume required—
this being ascertained in each case by an anemometer test. Mossrs,
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300 Sanitation of Drains and Sewers

BOROUGH OF LEWISHAM, COPY OF BOROUGH SURVEYOR'S REPORT
ON SEWER VENTILATION, NOVEMBER, IQO4.

3. The question of the ventilation of the sewers in the Borough has
received the attention of the committees of the Council from time to
time, owing to the complaints received from residents as to the smells
emanating from surface road ventilators, and the committee have
received the following report from the Borough Surveyor :—

* The whole question of the ventilation of sewers is surrounded
by difficulties, and unfortunately engineers hold very different
opinions as to the best means of dealing with the matter. In many
places the surface gratings are closed and columns erected in order
to ventilate the sewers, but this in my opinion, and I have made
many tests in connection with the subject, simply means that the
nuisance is removed from the road surface, and that the scwers are
very inefficiently ventilated, unless some artificial means of forcing a
draught up the columns is adopted. The air which does find its.
way out of the top of the columns is far more foul than that which
is emanated from the surface gratings; this is caused by the more
sluggish current which is always found in a deep sewer, and my
opinion of columns is that you practically deepen your sewer by
the height of your column, that is to say, if a sewer is 10 ft. deep
and you erect a 3o ft. column, you are practically converting that
sewer, for the purposes of ventilation, to a sewer 40 ft. deep, and I
think that whatever different opinions engineers may hold on the sub-
ject of ventilation generally, they are agreed that a deep sewer is more
difficult to ventilate than a shallow one. A very good example of
this exists in this borough. The old sewer in Stanstead-road aver-
aged about 10 ft. deep; it was in a very defective condition, the
gradients were irregular, in places flat, and in other places steep,
the bottom also being defective. This sewer was reconstructed in
1893 at an average depth of about 25 ft. It is one of the best laid
sewers in the borough and is at an even gradient the whole way.
During the time the old sewer was in existence we very seldom had
complaints of smells from it; since the new sewer was constructed
we are continually receiving complaints. Of course there are
many ways of inducing an artificial current up the column venti-
lators, but they are all attended with serious drawbacks. The most
common form of inducing a current is by means of heat, but it is a
very expensive method and is attended by some danger. If a
naked jet of gas is burnt in the column and any coal gas leaks into-
the sewer, which it frequently does, there is very great danger of an
explosion. The other method of applying jets of gas are practically
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a gradient can be found which will give a seli-cleansing velocity for
that pipe when delivering full hore.

On the other hand, let us suppose that the same 1z-in. pipe laid
at the same gradient is running only & full ; then the Table shows a
velocity of only 2°085 ft. per second, which is over 16 per cent.
below the standard of 2% ft., and therefore is not a self-cleansing
velocity.

In all cases, as will be observed, the velocity for a pipe half full
is the same as that for a pipe fully charged.

290. From the foregoing explanations the following important
inferences are inevitable :—

(@) Even when the engineer is able to lay his sewer pipes at the
gradient suitable to their respective diameters, unless the
volumes of liquid in any given street or district are suffi-
cient to half fill them, he cannot obtain a self-cleansing
velocity.

(6) And further in proportion as the supply of those liquids falls
short of a half full charge, sewage-sludge deposits will form
on the inverts of the sewers; and as the volumes of these
deposits increase, so will the volume of sewage gas emitted
from them increase also.

(¢) When this is the case, the necessity of effective ventilation
seems too paipable to require any laboured demonstration ;
and the imperfect devices hitherto adopted with that end in
view, have all been notoriously unsuccessful.

201. But even the above facts do not exhaust, or nearly exhaust,
the difficulties in the way of the sanitary engineer when planning a
system of sewerage and drainage,

He is confronted by the following formidable problem. He may
see his way to the execution and efficient working of a system per-
fectly well adapted to the demands of the supply, in his district, of the
Sewage proper. But this would not at all satisfy the requirements of
the Local Government Board, who generally insist that the sewers
shall be of such dimensions as will be sufficient to enable them to
carry not only the sewage wastes, but also rain waters to the extent
of making their discharging capacity six times more than would
suffice for the sewage alone.

Therefore whatever arrangements or provisions are made for
purification or other treatment of the effluent at the outfall, they must
be made to apply to the whole of that sixfold quantity of liquid dis-
charge, If, however, at any time that quantity should be exceeded
by reason of more abundant rainfall, then the surplus must be dis-
charged through storm overflows by conduits, to be provided on the
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would discharge 1307 gallons per minute, if laid at a gradient of
11n 495 ; buteven this smaller pipe, though laid at the steeper gra-
dient, would fail to cause the dry weather flow of the sewage of the
population of 10,000 to have a greater velocity than 16567 ft. per
second, which would still be o*8433 ft. per second below the self-
cleansing velocity, and consequently would be = 34 per cent. short
of what it should be. On the other hand, the 17-in. sewer pipe
filled half bore would suffice to carry the sewage proper of a popula-
tion of 42,700. _

The treatment of the sewage at the outfall, of course, is a very
important matter indeed ; but I submit that in comparison with the
health or ill-health question, as it affects the drains and sewers of
the towns or districts in which the sewage, treated at the outfall, is
produced, it is of minor, if not, comparatively speaking, of negligible
importance.

Moreover, the question as to the initial cost involved in the
purchasing and laying down of the larger insanitary sewer pipe, in
lieu of the smaller and more sanitary one, is of real and urgent
importance to the ratepayers who pay for the drainage works, Some
‘idea may be formed of this practical and pressing monetary aspect
of the business we are now discussing by our drawing a comparison
between the initial cost, say, of buying and laying in the ground
a cast-iron pipe of 27 in. in diameter, and buying and laying one
down of 17 in. in diameter for, say, town water-supply distribution
works. The larger pipe will cost nearly double the cost of the
smaller 17-in. pipe sewer. This approximate extra proportion cost
would apply also to the sewer pipes, if they were made in stoneware
Jnstead of iron ; and so I seriously suggest that the Local Govern-
‘ment Board should as speedily as possible amend their existing rules
and regulations, by which they compel the sanitary authorities of
this country to do something that results in wasting enormous sums
of public money ostensibly for the purpose of improving the sanitary
conditions of their homes, and villages, and towns, but really, as I
have now demonstrated, with exactly the opposite effect,

It need hardly be added that all the difficulties described above
will be intensified where the towns or districts concerned are situated
on flat, low-lying or tide-locked lands,

The various considerations here advanced may also be usefully
illustrated by the two diagrams which face this page, and both of
which are strictly “true to life”; in other words, they represent
actual situations in existence to-day.

292, Drawing No. 42 shows in plan and section a public egg-
shaped main sewer, and transverse and longitudinal sections of same,

It represents the sewerage system of a large coast town, the
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case could it be expected that tide-locked sewers, of the dimensions.
and length, and laid at such flat gradients as those in Town A,
could have failed to produce unwholesome and unpleasant effects.
The result was that the residents petitioned the local authority, as
well as the Local Government Board, to take steps to remove the
nuisances in question,

293. The second district or place I propose to discuss, which
will help me to illustrate the difficulties that beset sanitary engineers
who are called upon and are expected to design sewers in accordance
with the rules and regulations of the Local Government Board,
which shall work efficiently by gravitation power alone, in districts.
whose natural surfaces are practically flat, T will call “ Town B.”

On account of this town being flat and absolutely undrainable,
hygienically speaking, by gravitation power alone, my firm (Shone
and Ault) prepared a scheme for draining it on the Shone Hydro-
pneumatic System, What I shall state in the following pages about
it may therefore be taken as being correct, because the matters
referred to are within my own personal knowledge. The wvarious
reasons which led the Local Sanitary Authority to ask the Local
Government Board to sanction a scheme for the drainage of the
town B, by gravitation, need not be stated here. Suffice it to say
that the engineer selected by the authority of the Town B to design.
and carry out the Gravitation scheme had no alternative but to lay
his outfall sewer at the best gradient that was available to him.
The provision, however, of the Local Government Board, by which
he was compelled to provide his main outfall sewer large enough to-
permit of a volume of sewage and rainfall that would be equal in.
the aggregate to six times the dry weather flow of sewage, warranted
him in pleading, as he did, at the Local Government Board Inquiry
into the merits of the scheme, that a sewer 24 in. in diameter laid
at a gradient of 1 in 1000 would permit of his sewer being to all
intents and purposes a self-cleansing sewer, and the result was that

‘the Local Government Board Inspector, who held the Inquiry,

approved of his plans.

The following drawing, No. 43, to which I now desire to eall your

attention shows to scale two circular sewers, the one (marked P,)

To-in. in diameter and the other (P.) 24 in. Both circles are verti-
cally bisected, and the left half of the circumference of the small
circle is drawn with a full line, while its right half is a dotted line,

and the converse is the case with the large circle. It will be seen

by consulting Table B for those diameters, that if the larger pipe is

laid at a gradient of 1 in 1000, and the smaller at a gradient of

1 in 250, both will, when charged full or half full, cause the sewage
\Z"
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case could it be expected that tide-locked sewers, of the dimensions.
and length, and laid at such flat gradients as those in Town A,
could have failed to produce unwholesome and unpleasant effects.
The result was that the residents petitioned the local authority, as
well as the Local Government Board, to take steps to remove the
nuisances in question,

293, The second district or place I propose to discuss, which
will help me to illustrate the difficulties that beset sanitary engineers
who are called upon and are expected to design sewers in accordance
with the rules and regulations of the Local Government Board,
which shall work efficiently by gravitation power alone, in districts.
whose natural surfaces are practically flat, I will call * Town B.”

On account of this town being flat and absolutely undrainable,
hygienically speaking, by gravitation power alone, my firm (Shone
and Ault) prepared a scheme for draining it on the Shone Hydro-
pneumatic System. What I shall state in the following pages about
it may therefore be taken as being correct, because the matters
referred to are within my own personal knowledge. The various
reasons which led the Local Sanitary Authority to ask the Local
Government Board to sanction a scheme for the drainage of th