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Tuesday, 25th April, 1950.

WELCOME BY
HIS WORSHIP THE MAYOR OF SOUTHPORT

COUNCILLOR R. JONHSON, J.P.

The President: Ladies and Gentlemen, 1 welcome you to
our Twentieth Annual Conference. My first duty is the very
pleasing one of introducing you to Councillor R. Johnson,
J.P., His Worship the Mayor of Southport, who will address
you. (Applause.)

His Worship the Mayor: Mr. President, Ladies and
Gentlemen, my duty this morning is to give you a welcome
to Southport and I do that with very great pleasure. It is a
great pleasure to us to welcome your Conference to this
Borough and hope that whatever arrangements have been
made for your comfort and for your Conference will be of
benefit to your organisation and all who work with you.
Above all, we hope that you will come back here again.

You have come here to discuss various aspects of your
work and to listen to papers given by gentlemen who are
well-known in your own line of business. I have been
interested enough to look through the papers that you will
be discussing and I am amazed at the wide field of subjects
you cover; I never thought there was so much to be done in
the baths, neither did I realise fully the great care that has
to be taken in administering that important public service.
There is no doubt in my mind that you will derive great
pleasure and benefit from your deliberations and that you
will have a very succesful Conference.

Mr. President, Ladies and Gentlemen, on behalf of the
citizens of the Borough of Southport I give you a very hearty
welcome and trust that you will thoroughly enjoy your stay
with us. (Applause.)

The President: Mr. Mayor, on behalf of all the delegates,
I thank you very much for the very warm welcome you have
extended to all those attending the Conference.
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Address by the President.

Ladies and Gentlemen,

It is with the greatest of pleasure on behalf of the
Association that I accord you all a most hearty welcome to
this Conference.

A quarter of a century has passed since the Association
held its first Conference, and I am deeply appreciative of
the honour of presiding at this our 20th Annual Conference.

It can justifiably be claimed that much progress in the
service that we are privileged to operate has been made
during these years, and had it not been for the wide-spread
repercussions of the Second World War there can be no
doubt that we should have had in this island a large number
of new public baths and wash-houses of which we could all
have been proud.

It will be recalled that during the years 1932-38
phenomenal progress was made in the design and
construction of new establishments, and had this develop­
ment not been interrupted and later brought to a standstill
by circumstances beyond our control, we should today be
able to claim that in this country the bathing facilities were
second to no other country.

Unfortunately, national conditions have not yet permitted
the resumption of a building programme for swimming
baths, and it would seem that it will be some time yet before
any start can be made. The ever present demand for more
new houses has still to be satisfied, but as your President I
would like to remind all Authorities, both Local and Central,
that whilst new housing estates are being established in all
parts of the country, there will be a demand for amenities
from those dwelling on such estates, and the provision of
swimming baths will be high in the priority of such
amenities.

The Local Authority cannot be blamed for these condi­
tions as a national shortage of building materials and labour
is the primary cause of this lack of development in the
service. It is known that a number of Local Authorities
have already prepared plans in readiness for the time when
the march forward will commence, and let us hope this day
will not be much longer delayed.
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The position in the case of Public Wash-houses—or com­
munal laundries—is, however, more promising. The Housing
Act of 1949 gives Local Authorities power to make available
laundry facilities in new housing estates, and this gives us
good reason for optimism as for future activities. That this
optimism has a good foundation is further supported when
we peruse the report of the Royal Commission on Popula­
tion, which was published less than a year ago. This report
recommends a more extensive use by Local Authorities of
their powers under the Public Health Act (1936) in order to
provide greater laundry facilities for the housewife. The
report clearly indicates that more Public Wash-houses should
be provided, designed and equipped on more imaginative
lines than has previously been the case, and our Association
have long ago stressed the need for the complete mechanical
establishment, with transport to and from the home in order
to ease the burden of the housewife.

So far as Washing or Slipper Baths are concerned, where
need can be proved, the Ministry of Health is prepared to
give consideration to new schemes, and this fact should be
noted in (hose areas where re-development plans are not
likely to be concluded for a long period.

Having dealt with the position so far as the development
of the service is concerned, I must now give some indication
of the policy of the Association, its work during the past
year, and its hopes for the future.

With almost complete stagnation in building operations,
the Association has given much attention to the develop­
ment of technical problems and the education of those
desiring to enter and make progress in the baths service.

Much has been heard these past two years of the system
of Break-Point Chlorination of swimming bath water, and
many of our members have continued to develop the process
during the past twelve months. More will be heard on this
subject during the course of the Conference.

The extension of educational facilities to our younger
colleagues and members of baths staff has been a notable
feature of the year.

It is most gratifying to record that the Education Depart­
ments in some of our principal cities have recognised the
possibilities and importance of the technical problems 
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concerned with the baths service by including educational
courses in their evening classes arranged for adults. This
is indeed one of the greatest steps forward made by the
Association since the scheme of examinations was first
instituted some sixteen years ago, and it is hoped that this
scheme will in due course be extended to all parts of the
country.

The number of candidates presenting themselves for the
examinations of the Association during the past year almost
reached the hundred mark, and the Board of Examiners
are keenly aware of the need for providing facilities for
learning, particularly amongst the younger members of baths’
staffs. The Board have again under review the syllabus of
both the Associate Membership and the Graduateship
Examinations, and have always before them the need for
improving the standard and range of subjects, so that those
passing the Examinations can be regarded as fully equipped
for the important task of managing Public Baths and Wash­
houses.

Amongst the many other activities of the Association
during the past year, I must make reference to the publica­
tions issued by us. First of all, I would refer to the resump­
tion of the issue of our monthly journal “Baths Service,”
which has replaced that very excellent publication “Baths
and Bath Engineering,” which first appeared in 1934 and
had to be suspended in 1941 on account of war conditions.
“Baths Service” under the very capable editorship of Mr. L.
F. James our energetic Honorary General Secretary, has
proved to be a great success, having maintained a high
standard of articles. This publication depends entirely upon
the efforts of our members for a continuity of suitable
material, and whilst we are now approaching the end of the
first full year of successful issue, the flow of articles from
members must be maintained if the journal is to take its
rightful place in technical publications. The Council of the
Association are gratified at the large number of Local
Authorities who have become subscribers to the journal, but
at the same time would like to see that all Councils repre­
sented at this Conference become subscribers. This permits
them to use its columns without charge for public notices
and tenders, etc.

The Association’s first official text book “Baths Manage­
ment,” has now been launched, and has had a good press.
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Designed not only as a source of information for candidates
taking the Association’s Examination, but also for those
elected to local Councils, this book contains a wealth of
information on the history and running of Public Baths and
Wash-houses, and is entitled to a place on the shelves of
every Public Library in this country. It has received a good
measure of support but more is wanted, and all members
are asked to help.

The Council of the Association have maintained its vigi­
lance in scrutinising the many advertisements for vacant
appointments for Bath Superintendents that have appeared
during the past twelve months, and have made representa­
tions in those cases when action was deemed necessary. It
is unbelievable in these modern days that one appointment
should be advertised without any salary at all, and that the
person appointed should have to rely upon his remuneration
from the takings of a small suite of Slipper Baths! Whilst
we continue to see positions advertised for man and wife, it
is pleasing to record that this type of appointment is on the
decline.

During the past year the Council has further investigated
the possibilities of the recognition under the National Health
Scheme of Remedial Bath Treatment at Public Bathing
Establishments. Whilst no progress can be reported at this
stage the position is being closely watched so that the neces­
sary action may be taken.

During the year just past, the Association were invited to
send representatives to a meeting convened by the Amateur
Swimming Association to discuss with other interested
Organisations the formulation of a policy that would improve
the standard of swimming in Great Britain, and as a result
a Liaison Committee has been formed to examine this
problem and your Association is represented by three of its
Officers. The 1952 Olympic Games are not far away, and
all will agree that if something can be done towards achiev­
ing this objective it will be a step in the right direction. Your
Association is anxious to support such a proposition, and
will do all in its power to afford such assistance as it possibly
can. The prestige of this country in competitive sport can
do with all the assistance that can be made available.

The work of the four Branches has continued unabated
during my term of office, and it has been my pleasure to 
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visit each of them during this period, and I would take this
opportunity of recording my deep appreciation of the warm­
hearted welcome that I received on every occasion. The
wide scope of subjects discussed at their meetings indicates
a healthy and progressive Association, and a bright future.

To the members of my own Branch, the Midlands, I
especially wish to thank for putting my name forward for
the office of President of the Association, and to say that I
have done my best to justify the confidence they placed in
me a year ago by nominating me to this office. (Applause.)

The President: Ladies and gentlemen, it is with great
pleasure that I introduce Dr. A. Key, D.Sc., Ph.D., repre­
senting the Minister of Health, who is no stranger to you
and we like to see him come along. I will ask him now to
address the Conference. (Applause.)

Dr. A. Key: Mr. President, Ladies and Gentlemen,
thank you for your welcome and I would like to say on my
behalf that I like coming to your Conferences.

First, it is my duty to express my Minister’s regret that
he could not accept your invitation to him to be present this
week at your Annual Conference. He feels sure, however,
that you will appreciate the reasons. My Minister wishes
me to assure you, however, that though he is unavoidably
absent today he realises to the full the part you play in
promoting the health and well-being of the community.
Although the activities of the Ministry of Health which have
received the greatest publicity in the last few years are those
concerned with the care of the sick in the treatment of
illness, an equally important function is the promotion of
public health and well-being in a positive way. In large
measure this consists in the continued application of long
established and well-tried principles which by now may be
thought to be so well-known and almost commonplace as
not to require reiterating. Certainly you will not need to be
reminded that the activities which take place in properly
conducted baths, washhouses and other establishments
within your orbit are calculated to promote and safeguard
the health of those who use them and of the community in
general, and'that they should therefore be maintained and
developed in a proper manner. The titles of the papers you
are to discuss this week indicate that these matters are at
the forefront of your minds. The Minister knows, too, that 
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many Authorities which you represent are anxious to improve
and expand their facilities. In fact, so many wish to do so
that it is necessary to limit the number of schemes which can
be approved to those cases where urgent public health
necessity can be established and where a small expenditure
is calculated to produce a disproportionately large improve­
ment. Otherwise so many would be started that none could
be finished. There must, therefore, be a further period of
making the best of what we have got, and this situation must
be made to act as a spur to us to ensure that that best is
very good indeed, which in many cases it can be.

One aspect of baths operation which is very properly
brought before you at most of your conferences—and this
one is no exception—is the maintenance of swimming bath
water in proper condition so as to be safe, clear, pleasant
and attractive. The Ministry published a booklet on the
subject in 1929 and most of you know that it has been in
process of revision for sometime. I am glad to say that the
revised edition is now in the Press and it should be available
in no more than a few weeks time. My Minister hopes that,
as was the case with the first edition, the new booklet may
prove of signal assistance to all engaged in the design and
operation of swimming baths.

Finally I bring my Minister’s wish to you for the most
successful and happy conference. May your deliberations be
as stimulating as the locality in which you are holding them,
so that your visit may be doubly profitable. (Applause.)

The President: Ladies and Gentlemen, I am sure we are
indebted to Dr. Key for the interest he has shown by
attending this Conference and addressing us in the absence
of the Minister to whom, I trust, Dr. Key will be good
enough to convey the good wishes of the Conference.

The President: I now have the pleasure in introducing
Mr. J. Price Walters, B.Sc. (Tech), A.M.C.T., F.Inst.F., who
will now address the Conference on behalf of the Minister
of Fuel and Power. (Applause.)

Mr. J. Price Walters : Mr. President, Ladies and
Gentlemen, I also, as my colleague Dr. Key, regret that my
Minister is unable to be present in person. I welcome the
opportunity of speaking to this Association, a body which
for a long time has had friendly dealings with my Ministry.
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I am not suggesting that you have never found it necessary
to be critical of the Ministry of Fuel and Power, but I do
know that your criticism has been constructive and that you
have been aware of the nation’s fuel difficulties and played
your part in helping to overcome them. For example, during
the war, you set up a Fuel Efficiency Committee who co­
operated with the Ministry staff to produce a Memorandum
on “Fuel Economy in Public Baths and Wash-houses’’—a
document which was circulated to all Local Government
Authorities responsible for such premises and which, in a
revised rorm, is still in demand.

The Present Position.

What is the fuel position now? From your point of view,
fuel is one of the principal items of expenditure in the main­
tenance of the Baths Service, and efficiency in its use is a
matter of primary importance to the Baths Superintendent.
Moreover, the type of coal you receive is frequently not that
of your choice, and skill is needed in using it if satisfactory
results are to be obtained. From the national point of view.
coal, which is the course of most of the heat and power used
in this country, is our most valuable natural asset and also
our most valuable export. The more we can husband at
home, the better will be our position in international trade and
the quicker our economic recovery. As you know, the coals
most needed for export are the high grades, and, as I stated
at your Hove Conference, the Ministry seeks the co-operation
of all coal consumers in the efficient utilisation at home of
those grades of coal which it is not economical—if, indeed,
possible—to sell abroad.

But coal is not the only fuel in which you are interested,
even allowing that it is the raw material for gas and elec­
tricity. Part of this Conference is being devoted to a paper
on “A General Approach to the use of Licuid Fuels and
their application to Boiler Plant in Public Baths and Wash­
houses.” I feel, therefore, that you may wish to have from
me some idea of the availability of liquid fuels, particularly
for the benefit of those of you who may be contemplating
developments to plant.

Owing to the dollar shortage it is still necessary to main­
tain a strict control over the use of imported oil, even
though it comes from a sterling area. (So-called “ Sterling 



Oil ” incurs dollar expenditure on royalties and on purchases
of equipment and services). Therefore new applications for
supplies of gas oil and fuel oil have to be considered with
great care, and in present conditions a new consumer
requiring such oil for a boiler in a bath-house is unlikely to
qualify. Authorisation has to be obtained from the
Ministry of Fuel and Power and is given only if itj cftn b'd
shown that the use of gas oil has exceptional economic
advantages for the national economy or that the use of
alternative fuels is impracticable. Each case is dealt with
on its merits and, where necessary, a Ministry Juel engineer
visits the firm to report on whether these conditions are
satisfied.

Coal tar oils are in a different category. They are in
easier supply than they have been and are no longer subject
to licensing. But, of course, it remains important to ensure
that they are used in circumstances where not only technical
efficiency is achieved, but also the best possible employment
of an economic asset, and I would commend to anyone
interested a study of Fuel Efficiency Bulletin No. 36, which
is available from any of the Regional Offices of the Ministry
of Fuel and Power. Where coal tar fuels can appropriately
be used, the potential consumer should make certain that
the suppliers are able to maintain deliveries for a long
period, before embarking upon alterations to plant. He is,
therefore, advised to consult one of the Ministry’s Regional
Fuel Engineers who are in touch with the Area Secretaries
of the Association of Tar Distillers and are in a position to
recommend the best course of action.

That, then, is the general fuel position, and I think you
will agree that it brings home the urgency of the need for
fuel efficiency. At this stage you may well ask—What is
the Ministry of Fuel and Power doing about it?”

The part of the Ministry.

One of the duties laid upon my Minister by Act of Par­
liament is that of “promoting economy and efficiency in the
supply, distribution, use and consumption of fuel and power,
whether produced in Great Britain or not,” and the Fuel
Efficiency Advisory Service of the Ministry exists for that
purpose. Many of you are already well acquainted with 
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this Service, but I should nevertheless like to emphasise
some of the work which is being done.

In each Region we have a staff of fuel engineers whose
job it is to visit fuel-using establishments and give advice on
fuel problems. These visits frequently result in considerable
savings. Let me give you some examples of actual cases
showing the results of co-operation between our Engineers
and Baths Superintendents:

(1) The installation of calorifiers and the return of
condensate to a common tank reduced fuel con­
sumption by 20 per cent, at a baths in the North.

(2) At another baths in the same area it was found
that, although the heating load was off, two boilers
were operating. The installation of induced
draught fans was proposed, enabling the summer
load to be carried by the use of only one boiler.

(3) The fluctuation of the load at one baths was due
to the steam being turned on only once every hour.
As there were two wash-houses, it was suggested
that when both were in operation the steam
supplied should be so arranged that demands
would not coincide. Results showed that the
thermal efficiency was higher when operating on
one boiler only. With the aid of some form of
mechanical stoker and the reduction of steam
peaks, it appeared possible that one boiler would
give an adequate supply of steam.

Our Engineers are assisted in their work by stoker demon­
strators, who travel from place to place, giving practical help
on the firing floor to stokers. Their contribution is an
important one, for it has been shown that inefficient stoking
of a Lancashire boiler by one man can easily waste as much
as a ton of coal a day, which is not far short of the average
output per man in the mines.

Many of you will doubtless have read in the Technical
Press during the past few months descriptions of a recent
extension of the Fuel Efficiency Advisory Service, namely,
the Mobile Testing Units, of which we now have four in
operation. Each of these Units is equipped with a wide
range of indicating and recording instruments which enable
the heat and power requirements of any industry or process
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to be accurately determined and standards of efficiency
assessed. The results of the surveys that such mobile
laboratories have made possible have been very impressive
and the £15 per day which users are required to contribute
towards the maintenance and running costs has proved
almost insignificant in comparison with the benefits obtained.
Many heat and power users consider fuel as a general works
on cost and do not take into account the differences in usage
of heat and power in the different departments. One impor­
tant result of some of the surveys conducted by our Mobile
Testing Units has been to demonstrate to Management the
importance of heat and power costing. In one case of which
I heard recently, it resulted in a weekly charge being made
to each Departmental Manager for his consumption of
steam, and the effect of this alone was that one large boiler
was put out of commission. In other cases, the figures for
consumption of steam in particular processes have been so
surprising as to cause research to be concentrated on these
processes with very beneficial results. At a first glance, one
might think that this service is of no more than academic
interest to Bath Superintendents, but a glance through some
of the papers to be presented to this Conference shows that,
to many of you, baths constitute only one department of
several. You cover wash-houses and also laundries. Your
problems include steam-raising, steam utilisation and drying,
and after reading the papers to be presented by Mr. Bland
and Mr. Keeling, I feel that many of you would find it of
considerable value to know how your fuel costs should be
apportioned to each of your several departments.

Education.
Another field in which the Ministry has been active and

which is of particular interest to a gathering of this kind
is education. Everything possible is being done to promote
new courses in fuel technology and to stimulate attendance
at existing courses. This educational work, begun in a small
way with courses of lectures to industrial employees at seven
principal centres in 1942, has since grown so that over
20,000 persons have received courses of instruction in fuel
efficiency. The City and Guilds of London Institute now
include in their syllabus a course of boiler-house practice
suitable for firemen and boiler attendants, and this and more
advanced courses now form part of the normal programmes
of Technical Colleges throughout the country. One par­
ticularly interesting experiment last year was the holding of
vacation refresher courses for senior engineers at six Univer­
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sities. These were very successful and it is hoped they will
become a regular feature. If in any district there is a
demand for any particular type of fuel technology course,
every effort will be made by the Ministry staff to see that
it is met.

I cannot too strongly stress the importance of education.
Education creates interest and when interest is aroused
efficiency follows naturally. The cost of sending your
maintenance engineers and boiler attendants to courses of
instruction during their working hours would be quickly
repaid by savings resulting from improved efficiency and,
probably, in addition, by the introduction of new ideas. It
is, however, important to recognise that stoking is a skilled
trade and recognition should be given to those stokers who
are sufficiently interested and conscientious in their work to
take Boiler-house Practice courses and qualify for certifi­
cates.

Another aspect of the educational campaign has been the
production of Technical publications. The two text books
“The Efficient Use of Fuel” and “The Efficient Use of
Steam,” have both received a wide circulation, as have the
Ministry’s technical bulletins which cover in a practical
manner almost all the sources of inefficiency found by our
visiting engineers. 1,700,000 copies of these bulletins have
now been issued. Then there is the monthly newspaper
“Fuel Efficiency News,” which gives information on recent
developments in fuel utilisation and generally advises on
how to make the best use of fuel supplies. One very valu­
able booklet with which you are probably familiar is the
Stoker’s Manual.

The Ministry has also produced four films and a number
of film strips which can be borrowed free of charge on
application to the Regional Office. Three of the films—
“ Boiler House Practice,” “ Steam ” and “ CO2 and Draught,”
would be of interest to this audience.

What can be done by Baths Superintendents?

Let us now consider what contribution can be made by
you who are responsible for the supervision and adminis­
tration of Public Baths and Wash-houses. Any attempt at
a complete study of this question would entail a whole series
of lectures, but it is worth stressing certain aspects.
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(1) Instrumentations.

The provision and maintenance of suitable measuring
devices is essential for discovering inefficiencies in plant
operation and for controlling fuel consumption. It is also
necessary if an accurate system of costing is to be kept. We
have indeed been asked in certain cases to carry out tests
on boiler and steam-using plant at Public Baths, in order to
determine steam costs in various sections of the building.

(2) Regular overhaul of plant.

Keeping a plant in good repair does not mean emergency
action when something goes obviously wrong, resulting per­
haps in a complete stoppage. The right time for mainten­
ance is before trouble develops, and the best results are
achieved by working to a schedule. This should cover the
regular examination of the whole installation in search of
thermal leakages and inefficient practices generally.

(3) Linkage schemes.

The possibility of co-operating with neighbouring estab­
lishments in fuel saving should not be overlooked and it is
appropriate that Local Authority undertakings should take
the lead here. There are for instance many factories unable
to make use of surplus heat and power and it is frequently
an economic proposition to link such factories with other
fuel using plants. An interesting example of this, which was
recently brought to our notice, involves a gasworks, a dairy
and public baths. Three and a quarter million pounds of
steam at 120 p.s.i. are supplied annually to the dairy for
process. The steam main is continued from old boiler tubes
welded together and well lagged. The main is continued
to the baths, which are about -% mile from the boiler. At
the baths the steam is led into water storage feeders through
silent injectors, the maximum load being about 700-lb. per
hour and the total quantity 500,000-lb. per annum.

The steam is generated at the gasworks from coke breeze,
whereas previously gas-heated circulators were used at the
baths and over 200 tons per annum of graded coke would
be required for steam generation at the dairy. The link is
to be extended to a mineral-water factory to supply steam
at the rate of about 100-Ib. per hour for a bottle-washing
machine.
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(4) Education of staff.

I have already referred to the fuel technology courses
which are available throughout the country. It is up to the
managements of fuel-using concerns to give every encourage­
ment to their staff to attend such courses. Correct operation
of plant is one of the most important factors in fuel
efficiency, and it cannot be achieved unless the operators
have an understanding of what they are doing.

Finally, I ask you to make full use of the services pro­
vided by my Ministry. We are there to help and are glad
to do all we can to make your difficult job easier. It is
because we are aware of your difficulties that we are par­
ticularly anxious to do what we can.

May I again thank you on my Minister’s behalf, if not on
my own, for your kind invitation to be present with you.
(Applause.)

The President: Thank you for your very descriptive
address which will be of much benefit to us all.

The President: We have with us this morning Councillor
A. C. Brett of the Borough of South port who extended the
invitation to us to visit Southport, and who has done much
to make the Conference possible. It would be very remiss
of me if I did not ask him to say a few words to you.
(Applause.)

Councillor A. C. Brett : Mr. President, Ladies and
Gentlemen, I was certainly not expecting to be called upon
this morning, but it does give me great pleasure in thanking
your Executive for accepting the invitation which I was able,
on behalf of the Southport Corporation, to extend to you at
Bournemouth last year. I trust that at the end of the
Conference you will all feel that your visit has been worth
while and that my claim for Southport has not been over­
estimated. (Applause.)

The President: The first paper will be given by Mr.
R. D. Bland, B.Sc., Baths Manager and Engineer, Liverpool,
who will read a paper entitled “ The Economics of Public
Wash-houses.” (Applause.)
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THE ECONOMICS OF PUBLIC
WASH-HOUSES

By R. D. BLAND, B.Sc. (Eng.)

During the past year or two it is evident that many more
local authorities have taken a keen interest in the desirability
and possibility of operating a public wash-house service, or to
use the more fanciful name, a communal laundry service.
This Paper is not addressed, nor will it be of much interest,
to Superintendents who are already in charge of a public
wash-house. It is intended purely as a guide, for a hypo­
thetical or imaginary committee who wish to be taken step
by step from the beginning to the final completion of a
wash-house scheme. From now onwards reference will
simply be made to “ The ” or “ Our Committee.”

The development of the public wash-house service, which
originated in Liverpool with Kitty Wilkinson playing the
leading role, is a tale that will be familiar to all, and it is not
proposed to enlarge on it. It is sufficient to say that in the
early part of the 19th century there was gross overcrowding
in miserable slums, and the sanitary conditions were
shockingly inadequate. It is not to be wondered at that
disease was rife.

Coming back to the realities of to-day, our Committee, a
hard-headed body of men and women, may well point out
that conditions have improved considerably during the past
century, and so public wash-houses may no longer be
justified. Certainly, sanitary facilities and water supplies are
now good, and the public health is presumably satisfactory.
Nevertheless, there is no doubt that public wash-houses will
continue to be an essential feature of life in the more densely
populated areas of cities and towns, at least within the
foreseeable future. If there should be any radical changes
in laundry procedure which would result in costs falling to
only a fraction of their present level, then local authorities
could well leave the whole question of washing to the com­
mercial laundries. However, in these days as science pro­
gresses, far from conferring any obvious benefits, the
community at large seems to be even more hard up than
ever before. This no doubt accounts for the fact that every
day more and more housewives are making use of public
wash-houses.

The question as to whether or not wash-house facilities
should be subsidised is one for the electorate and not for the
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Baths Superintendent. Whatever may be the issue, it is
public money that will be spent. Thus, the Superintendent
concerned must be certain that the advice he gives to the
Committee will ensure that this money will be spent wisely
and well.

Before proceeding very far, our Committee will almost
certainly arrange to visit a number of existing wash-houses
and communal laundries. During these visits the Committee
would see such a diverse assortment of plant and methods of
operation, that they may well end up more confused and
uncertain than when they started. They would see washing
machines of both the commercial and the domestic type. In
some establishments drying would be carried out in drying
chambers, and in others tumblers would be used. One
authority would be using fixed-bearing hydro-extractors, and
another self-balancing machines. Both the high pressure
and the low pressure steam system are in use. The subsidy
per washer may vary from only a few pence to well over a
shilling. A few authorities operate a collection and delivery
service, and although this, by legislation, may not be run
at a loss, such a service obviously affects the economics of
a wash-house scheme.

However, we will assume that our Committee, in spite
of their confusion, decide to proceed with a wash-house
scheme, and we follow them through their deliberations, until
that happy day arrives when the Mayoress drops the Mayor’s
red flannel nightshirt into a washing machine, and so
declares the building well and truly open.

The first major decision to be made is just what facilities
should be provided. In this respect, from their inspection
of the various wash-houses and communal laundries up and
down the country, it will be clear to the Committee that
few authorities think alike. Surely the answer is simple.
The ideal to be aimed at is that the facilities should provide
a complete self-washing service.

Unfortunately, there is no yardstick with which we can
measure or define a “ complete service,” and once more,
opinions may vary considerably, but there is no doubt that
the standard should • be higher than that obtaining in the
majority of wash-houses, and probably all communal laundries
to-day.

It should be possible for a woman to wash, entirely without
drudgery, and dry, some 301b. of clothing in a period not
exceeding 1| hours. As Mr. L. F. James very rightly said 
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in his presidential address last year, she should, in addition,
also be given the choice of machine ironing such articles as
she may wish.

Certainly by now, someone on the Committee will voice
the inevitable question, “ What is it going to cost? ” No one
knows as yet, because no decision has been made as regards
the size of the wash-house, and perhaps the most contentious
of all issues, the type of plant to be installed. It is proposed
to discuss the latter item first, bearing in mind that the
Committee members have no experience of wash-house
machinery.

Washing Machines
No one would dispute the fact that washing machines are

the heart of the modem wash-house, and so must be chosen
with extreme care. They do remove the greater part, but
not quite all, of the drudgery associated with washing in a
public wash-house.

Washing machines may be classified into two main cate­
gories, viz., (a) the domestic type and (b) the commercial
type.

During the post-war years, the domestic machines have
attained quite a high degree of popularity. This is particularly
evident in the communal laundries which are now such an
important feature of the recently built tenement flats. The
usual question must be asked, viz., does the purchase of this
kind of machine represent in all and every respect, the best
use of the ratepayers’ money. As it is contended that the
answer is definitely no, then it is proposed to deal with this
point in detail.

It must be made quite clear at this juncture, that a good
make of domestic machine is excellent for the purpose for
which it is designed, i.e., use in the home. For use in public
wash-houses it stands condemned on the following grounds :

1. The clothes are not boiled, and so may not be sterile on
completion of the washing cycle. This very important health
factor appears to be completely disregarded by too many
local authorities, in spite of the fact that our’s is deemed an
essential health service.

A few months ago, bacteriological tests were taken from
washing machines chosen at random in two Liverpool
wash-houses, and the very interesting results, as given below,
were obtained :
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Test. Date. Wash.
Bacteria

per c.c. @
37° C.

B. Coli. Total
Coliform.

A. 1.12.49

1. Cold break­
down 36.500.000 0 35,000

2. Ho t Wash
(140°-
160° F.) 32,500 0 1

13. Boil 0 0 0

B. 12.12.49

1. Cold break­
down 3,950.000 35.000.000 35,000.000

2. H o t Wash
(140°-
160° F.) 3,350.000 2,500.000 2.500,000

3. Boil 0 0 0

These figures speak volumes. In both instances, the
results of the “ Hot Wash ” represent the best conditions we
could expect in a domestic type of machine, and no further
comment is necessary.

2. The next point concerns cost. In the initial price, based
on £ sterling per lb. of clothes washed, there is not a great
deal of difference, although the commercial machine is
slightly the cheaper.

It is over a longer period of 20 years where it is contended
that the domestic type of machine will prove expensive. This
is designed to run some 3 to 5 hours a week in a home
where it is looked after, and one could then expect a useful
life of 15 to 20 years under such conditions. In a public
wash-house it would be required to work for not less than
50 hours each week, and quite possibly very much longer.
Under such conditions it is inconceivable that the machine
would have a total life of more than one or two years. Thus,
replacement charges would be exceptionally high.

3. The third point concerns the efficiency of the domestic
machine as a washing device. Independent tests have
demonstrated that it will not wash heavily soiled articles
satisfactorily, and there is no doubt whatever that the average
wash in a public wash-house comes within that category.

Our hypothetical committee will, it is hoped, now decide
to use the commercial, type of machine, which may
conveniently have a capacity of 25 lb. dry weight.

Whilst such small machines are only made by a few
manufacturers, these are all old-established firms of repute,
and the Committee are reasonably sure of a good job, what­
ever make they choose.
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The actual types of machine available on the market vary
very little, but the number of different kinds of drive are
legion. The individually driven machine is well worth the
slighter higher initial cost.

It has been suggested that the large bagwash type of
machine, with individual compartments, could well be used
in a public wash-house. Nothing could be more economical
or easier to run. Unfortunately, there is a snag, and a very
serious one at that. There can be no grading of the clothes,
and it needs only the colour of one article to run, and the
clothes of perhaps eight washers are stained, and eight
washers will then very successfully claim damages against
the Corporation. It is also well to remember that whenever
a claim is involved for any article lost or damaged, it is
always something very expensive, such as a pair of pure silk
pyjamas bought only a few days before in Bond Street.

Drying Plant
Good and quick drying must be one of the biggest attrac­

tions that a public wash-house has for a housewife, and the
reason is obvious. Any woman can manage a bit of washing
somehow at home, whether she lives in a tenement flat or a
Corporation house with a good garden, but in this variable
climate, it is not always easy to get it dry.

To be performed economically, drying must be earned out
in two stages. In the first, as much moisture as possible is
removed by mechanical means, a method that is relatively
cheap. The final stage of the drying is usually accomplished
by means of heat—all of which sounds very simple. In actual
fact there is no easier way of wasting money than by using
badly designed drying plant.

For the mechanical drying, the hydro extractor is, of
course, universal, and is well known. There are two specific
types, viz., the fixed bearing, and the self-balancing machines.
Our Committee will have seen both types in their visits to
wash-houses, and may well have heard a glowing account of
each. Which type should they choose? Like the small
child’s answer, “ it all depends.”

If there is plenty of space available in the wash-house, and
the Committee is prepared to spend money, then by all means
use self-balancing machines. These are easy to install, and
require little in the way of foundations. The one objection
is that they will not run with an appreciable out-of-balance
load, and so they must be lightly and carefully loaded. As
a result, one machine is required for approximately 2.5
washers.
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If there is not too much space available, and there is a
lack of funds, quite the usual conditions, then the only answer
is to install fixed bearing machines. The hydros themselves
are thoroughly reliable, but trouble may be experienced with
the foundations and holding-down bolts. The reason is that
the machines, even with the most careful loading, inevitably
run out of balance. As a result, the foundations, which
require a 4-foot concrete cube per machine, have a tendency
to try and walk round the wash-house. Something has to
give, and usually it is one of the holding-down bolts. The
cost of replacing one bolt to-day is in the order of £50.
Nevertheless, it is a fact that there are more fixed bearing
machines in public wash-houses than the other type.

After hydro-ing, an operation requiring about three
minutes only, the clothes will contain some 45 to 50 per cent.
by weight of moisture. This must be removed by evaporation.

There is a tendency to think that such evaporative drying
can only be effected by the application of heat, but nothing
could be further from the truth. For example, just think how
much domestic laundry is dried in the course of a year on
the line in the back garden, and all without heat. For drying
with air as the medium, the rule is, in non-technical language,
use either a lot of air at a low temperature or a little air at a
high temperature. For this class of drying, our Committee
in their inspections will, in the main, have seen drying horses.
They may also have seen a few drying tumblers in one or two
of the more modem communal laundries.

A drying tumbler is a very fine machine for drying certain
classes of articles, particularly those that can not only stand,
but, perhaps, even need some rough usage, such as nappies
and Turkish towels. However, a tumbler is the very last
thing that should be used for such articles as woollens, which
would felt, or for generally tender materials, such as silks.
As drying must be provided in a wash-house for literally
every class of article, then a tumbler is quite the wrong
choice of plant.

There is no doubt whatever that the modem version of
the old-established drying horses represents the correct choice.
In their older form, where hot air was merely admitted into
the top of the chambers, then they could be grossly inefficient
and wasteful. However, most Superintendents very wisely
throttled down on the steam supply and worked on the
principle of a lot of air at a low temperature. Even so, a 
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considerable amount of heat was wasted.
The modern drying horses, designed to provide recircula­

tion of the air, are very economical. In Liverpool, with one
such installation, it has been established that even in the
wettest of weather, the fan may be set so as to give 100 per
cent, recirculation, when sufficient air dilution is provided by
the action of the women moving the horses in and out. The
technically-minded may be interested to know that from more
than two hundred readings, it has been found that the relative
humidity stays almost constant at 22 per cent., irrespective of
the climatic conditions. With the air heated to 180° F., the
temperature in the driers is maintained between the range of
135° F. to 150° F. This is a satisfactory temperature range
for all kinds of materials, including woollens. Of more
importance, the majority of the articles can be dried in
10 minutes, and only such heavy ones as blankets require 15
to 20 minutes.

One feature of this particular installation, although simple,
is well worth noting. Instead of the usual circular tubes for
drying rails, an inverted tee section has been used, thus x
It is surprising how effective this is in preventing the lighter
articles from slipping off the rails.

Ironing

A thought must now be given to ironing, the final operation.

In existing wash-houses it is customary to provide electric
hand irons, which can be hired for a nominal sum of
perhaps 3d. per hour. In Liverpool, these irons are seldom
used, for a number of simple reasons. The urst is that hand
ironing is a long and arduous business, and many washers
obviously consider it is not worth the trouble involved. The
second reason is, that as electric irons are now comparatively
cheap, some washers prefer to do the work at home, when
they can readily keep an eye on their children or attend to
other domestic chores. It is a fact that some 60 to 70 per cent.
of all the articles that pass through a wash-house could be
ironed, if desired.

*
However, if complete and worthwhile facilities is the ideal,

then some means of machine ironing should be provided.
Two local authorities at least, have solved the problem by
each installing 90 in. calenders. For flat work this- gives an
excellent finish, and even such articles as shirts and frocks
can be ironed satisfactorily, provided the wearer is not averse 
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to a few creases. Glass buttons and other such sharp odd­
ments play havoc with the calender coverings, and so quite
a lot of supervision is required to ensure that the machines
are not maltreated.

There is one snag with the usual type of calender, in so far
that it requires steam at a pressure of not less than 80 lb./in5
This is unfortunate, as in the interests of economy and
simplicity every attempt should be made to keep within the
5-15 lb./in2, range, possible with a low pressure boiler.

This difficulty might be obviated by using a gas-heated
calender for the final ironing. Unfortunately, at the time
of preparing this Paper, the author had insufficient data to
permit him to make specific recommendations.

Wash Troughs
Our Committee may not appreciate that even with the best

of machinery, the washer must also do a few articles either
completely or partially by hand. These would include pure
woollen goods, tender silks, and such items as shirts with
heavily soiled cuffs and collars.

All that is required is a sink, a fixed scrubbing board, and
a good supply of hot and cold water. In the interests of
economy it is desirable to use spring-loaded hot water valves.
There are a number of patterns on the market, but the best
type is the one with a long lever, somewhat similar to a beer
pump handle. The push-down type of tap is irritating to use.

Boiler Plant
This subject requires a Paper in itself if it is to be covered

thoroughly. The fact is that badly chosen boiler plant can
prove shockingly expensive, both in fuel and labour costs.

One of the major decisions to be made as regards the
boiler plant is the pressure at which it is to be steamed, and
here two very important rules should be borne in mind. The
first is, that when used for heating purposes, which is the
sole purpose in a wash-house, steam should be used at the
lowest possible pressure. The second is, that heat should
never be degraded. This latter in simple language means,
don’t generate steam at a high pressure and then expand it
through a reducing valve to the required low pressure, but
generate directly at a low pressure. Theoretically, steam at
1 lb. pressure is better than steam at 100 lb. pressure, as the
latent heat increases as the pressure is reduced. In practice 
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a pressure of 10 lb./in2. is a satisfactory choice, as anything
less requires unduly large-sized steam piping.

In the event of a calender being installed for ironing, then '
a new problem arises. The machine must have a bed tem­
perature of not less than 300° F.. in order to produce a good
finish on the clothes, and so, if steam heated, this must be
available at 80 to 1001b./in2.

Even remembering the warning with regard to reducing
valves, high pressure steam can still be used with economical
results, provided the major steam supply is usefully expanded
through either a small backpressure turbine or engine. The
turbine is the better proposition of the two, and this could
very conveniently drive the fan of the air heater. It is not
always realised that although small turbines have a high
steam consumption, this is of no consequence provided all
the exhaust steam can be used for heating purposes. In a
wash-house, this requirement presents no difficulty whatever.

A suggested diagrammatic arrangement using H.P. steam
with a turbo-driven fan is shown in Fig. I. It is doubtful,
though, if this would be economically justified for a small
wash-house.

General
The following points may not appear of great importance,

but the old platitude bf spoiling the ship for ha’p’orth of tar
is worth remembering.

Some local authorities provide a creche where babies or
small children may be left free of charge, during such time
as their mothers are occupied in the wash-house. Such a
creche requires someone continuously in attendance, and a
girl of only 18 now receives the full female rate of 75s. Od.
per week. Toys are required, such as a rocking horse and a
swing, and there must be cots for the babies, and, of course,
an ample supply of sheets. The expense is quite obviously
high, and Our Committee will wish to know if it is worth it.
Based on the experience in Liverpool, where there are
excellent creches in most of the wash-houses, then to express
a personal opinion, the answer is “ No! ”

A large proportion of the women will bring their washing
in a pram, and a parking place for these is a definite necessity.
Right from the inception of their new wash-house, Our Com­
mittee would be wise to institute the rule that nothing on
wheels is allowed inside the wash-house proper. This will
obviate many claims for damages as a result of accidents.
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Another very desirable amenity is a simple snack bar. The
washers obviously thoroughly enjoy their grumbles in the
waiting room over a cup of tea and a round of toast. In
Liverpool these snack bars are let out by contract, the prices
of the tea, etc., are controlled by the Baths Committee, and
the system works very well indeed.

Mention must also be made of a booking system, which is
most desirable in the interests of the washers, as it cuts out
all queuing with its waste of time. Unfortunately, Solomon
himself could not invent the perfect booking system, which
would be satisfactory to everyone. Probably the best and
most workable, is the one described by Mr. Bowie, of
Glasgow, in the Baths Bulletin about two years ago. In this,
the same washer has allocated to her the same machine, at
the same time, on the same day, each week of the year. There
are obvious drawbacks, one being that a new washer may
have to wait weeks or years to get a booking. The point is,
can anyone think of a better system ?

Many washers are unnecessarily extravagant in their use
of washing powders, and it is nothing unusual for a woman
to spend up to 2s. on soap flakes and detergents, etc. The
obvious remedy is to sell a specially prepared washing powder
in a packet just sufficient to wash the 30 lb. dry weight of
clothes, and a few local authorities do this at the very modest
price of 3d. to 4d. per packet.

Economics
The Committee should now have quite a good idea as to

. what they propose doing generally in the way of a wash-house
scheme. They have been warned of so many snags though,
that they will be wondering how it should be planned so that
it may be operated economically, that is without being an
undue burden on the rates.

There are wash-houses in this country which are providing
an excellent service, and yet result in a deficit of only a few
pence per washer. It is almost certain that these are old-
established wash-houses, built in the days when costs were
low, and where the loan charges probably have been repaid.
Post-war building costs are high, and so are the corresponding
loan charges, which presents the first unpleasant fact to Our
Committee.

The next point is, that experience covering more than 100
years proves that a large wash-house can be run more
economically than a small one, and a wash-house attached
to a Baths can be run even more economically still. The 
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reason being that the larger the establishment, the better the
load factor on both staff and plant.

The problems arc not by any means solved even now. A
specified area could be served by one large wash-house, or
several small ones. If a large one is chosen on economical
grounds, then many of the women will have to travel con­
siderable distances. Although thousands do it each week,
women do object most strongly to lugging 30 lb. or more of
washing for several hundred yards, and some, of course, arc
physically unable to do so. In order to make the service
equally available to all, the Committee may seek powers to
operate a collection and delivery service. One or two
authorities now do this, and in general, very successfully, even
if not without a few headaches.

It has already been mentioned that the alternative is to
provide a number of smaller wash-houses, sited so that they
are easily accessible by foot or public transport. It is con­
tended that this is the better solution, in spite of the fact that
small establishments are more expensive to run.

A 10-machine wash-house represents the smallest unit that
can be kept within reasonable economic grounds, and the
Committee will be interested in the costs shown below, which
are based on a scheme actually in course of preparation at
the present time.

£ £
(a) Buildings (including site) .............. 8,000
(b) Plant:

10 washing machines (individually
driven) ...................................... 2,050

4 hydro-extractors (fixed bearing) 980
One 500-gallon hot water storage

tank (thermostatically controlled) 200
One 500-gallon cold water tank ... 80
One L.P. boiler (10 lb./in2. and

800 Ib./hr.) with automatic stoker,
feed pump, tank, etc.................... 860

10 wash troughs .......................... 50
20 drying horses with fan and heater 1,345
Pipe work and machinery installa-

tion ...................................... 500
Electrical work .......................... 350

— 6,415

Total / £14,415
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The cost of the building and site, viz., £8,000, may appear
to be low, but this particular scheme forms part of a block of
tenement flats, which results in a saving.

(As a further comparison, one local authority is now
considering a wash-house scheme to include 12 washing
machines, which is estimated to cost £58,000.)

It is suggested that Is. 3d. an hour be charged, and
it is estimated that on the average, 500 washers use the
establishment each week. Thus the income per year will be
£1,625.

The expenditure will be in the order of the following :—
£

(a) Staff (two men plus holiday relief) ... ... 670
(b) Fuel .............................................................. 350
(c) Water ... ... ... ... ... ... 30
(d) Electricity ... ... ... ... ... 100
(e) Administrative and General Expenses ... 150
(f) Repair and Maintenance of Plant and Build­

ing ............... ............... ... ... 100
(g) Rates and Insurance...................................... 595
(h) Loan Charges—Building (30 years) ... ... 550

Loan Charges—Plant (10 years) ............... 850
(j) Income Tax ....................................... ... 292

Total £3,687

From the above it will be seen that there is a total deficit
of no less than £2,062, which gives a deficit per washer of
Is. 7d. Whilst this is a formidable figure, it is well that our
hypothetical Committee should be under no illusions on that
score.

In figure II is shown a diagrammatic arrangement of a
10-machine wash-house. This is actually as proposed for a
wash-house that may be sited in the ground floor of a large
block of tenement flats.

This Paper has by no means covered every aspect relating
to wash-houses, and in particular, no mention has been made
of such important architectural features as floors, walls, drains,
etc. Nevertheless, it is hoped that one or two Members may
at some time find the information contained therein to be
useful.
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USEFUL DATA
1. Washing

Weight of average family wash, 30/35 lb. dry weight.
Approximately 20 per cent, is woollens, and some 50

per cent, to 70 per cent, could desirably be ironed.
Typical charge per hour for a machine with drying

facilities, as required, at no extra cost. Is. 3d.

B.T.U.s/washer.
Coal used per washer is in the order of 9/10 lb.

2. Heat Requirements per Washer

(a)

(b)

(c)

Wash Trough :
15 gallons of hot water at

140° F., i.e......................... 13,500 B.T.U.s
Washing Machine (5" dip is 10

gallons) :
1. Hot Breakdown ... 9,000
2. Boil ........................... 19,500
3. Hot Rinse ... ... 9,000 „

Drying ....................................... 18,000

When

Total 69,000

specifying boiler plant, etc., allow 80,000

£3. Current Prices

(a) 5£ cu. ft. Individually Driven Washing
Machine  205

(b) 21" Fixed Bearing Hydro-Extractor ... 245
(c) Two. Roll 15"x90" Calender  1.500

Single Roll 54" x 24" Padded Spring Roll
Calender   600

(d) Bagwash Type Washing Machine, 42" x
120", with 10 divisions, and 20 lb. per
division  1,470

(e) Tumbler with capacity of 40 lb. dry weight 370

The above figures were kindly supplied by several reputable
concerns, although individual prices vary considerably for
different makes of machine.
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The President: I am sure that all delegates would wish
me to thank Mr. Biand very sincerely for the very fine paper
he has given us this morning. 1 will now ask Mr. Biand
to answer questions which have been handed to him.

Mr. F. R. Botham (Manchester): Does Mr. Bland think
it possible to restrict the maximum dry weight of articles
brought for machine washing, to, say 25 lbs., thus prohibiting
users overloading machines and getting also an inferior
wash?

Mr. Bland: Yes, quite possible. It is not suggested that
the staff go to the extent of weighing each load of washing,
but machine attendants, with a little practice, soon become
skilled in judging the load. In Liverpool the women merely
place the clothes in the machines, which arc started by the
attendant, who also approves, or otherwise, of the loading.

Mr. Botham : Has the writer of the paper had the
individually controlled machines in use long enough to feel
satisfied that this type will stand up satisfactorily to the
arduous requirements of Public Wash-house work?

Mr. Bland: Quite definitely I would be prepared to
consider this type of machine entirely satisfactory until it
has given at least twenty years’ service with only reasonable
maintenance costs. The individually driven machines in
Liverpool have been running for only a year, but on their
present showing I shall be surprised if they are not still
running satisfactorily in nineteen years’ time.

Mr. Botham: In the expenditure figures quoted on page
41 no reference is made to ticket office staff, to whom it is
intended that the users shall pay for the facilities provided.
Also, how is the booking system worked for the use of the
machines?

Mr. Bland: For such a small wash-house scheme, the
proposed staff of two can easily handle the additional money­
taker’s duties. There are very small establishments, either
swimming or private baths in the country, where no money­
taker is employed, and so the idea is not a new one. When
first instituting the booking system the names and times of
all users are recorded for a period of six to eight weeks.
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Machines are then allocated to regular washers for the same
day and time each week. Bookings are limited to one hour
periods.

Mr. Botham : Does the writer not agree that the scheme
as outlined both for capital expenditure and running costs
is a most exceptional case, and that such favourable figures
could not be produced for the usual type of wash-house
built to serve a congested area?

Mr. Bland: Yes, I agree entirely, but one of the major
objects of my paper is to emphasise that in these present-day
exceptional times, it requires what may be termed an
exceptional wash-house if costs are to be kept within
reasonable bounds.

For a particularly congested area it would be feasible to
build a large wash-house housing say 30 to 40 machines. As
the area is congested, then the wash-house would be readily
accessible by the local washers, and it should not be necessary
to institute a collection and delivery service.

Mr. C. Murray (Oldham): In view of the high efficiency
of the drying chamber that enables a blanket to be dried in
15 minutes with 100 per cent, recirculation of air, could the
writer please give (a) the capacity of the heater in cubic feet
per minute and the number of drying horses in the chamber,
and (b) the steam pressure supplies to the heater and steam
consumption?

Mr. Bland: The capacity of the heater is not relevant
but it is designed to supply air at 180°F. and to provide six
air changes per minute for the fifteen drying horses concerned.
The steam pressure is 10 lb per square inch, and the con­
sumption is approximately 1.2 ]b. of steam for each 1 lb. of
moisture evaporated.

Councillor J. Brett (Bradford): How do you reconcile
the two suggested points in your paper—(a) Public Wash­
houses will continue to be an essential feature of life in the
foreseeable future, and (b) Should there be any radical
changes in laundry procedure resulting in costs falling to a
fraction of their present level, laundering might well be left
to commercial undertakings?
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Mr. Bland: The answer is that costs simply have not
fallen, and that commercial laundry charges are high, even
if they are justifiably so. People living in the poorer
congested areas have almost no washing facilities, and few
can afford to patronise the laundries. It is someone’s duty
to keep these people healthy, and one way is to provide
public wash-houses.

Councillor J. Brett: So long as Public Wash-houses
are subsidised by rates, don’t you agree that Public Under­
takings can always give a better and cheaper service to the
community, plus the inculcation of interest in Municipalisa-
tion?

Mr. Bland : As an official, I prefer to pass no comment,
as the answer should be given by one of the electorate.

Councillor J. Brett : Would you favour the appointment
of a superior attendant for Wash-houses in view of the
specialised nature of the work entailed?

Mr. Bland: Yes, for a large wash-house, let us certainly
have a Superintendent who is fully qualified by examination.
But when talking of qualifications let us not forget that one
thing the Superintendent will not attain by examination, is
how to deal successfully with thousands of women a year—
a most important qualification for a wash-house Super­
intendent.

Mr. G. Swarbrick (Tottenham): Referring to the
details of costs in respect of a wash-house scheme, I would
draw Mr. Bland’s attention to the omission of the provision
of water softening plant—a very essential unit for economical
and efficient servicing of public Wash-houses in districts
where the main water supply is hard.

Mr. Bland: Yes, I considered this carefully when I
prepared the Paper, but decided not to include for water
softening in the costs. This is because I have no post-war
experience of the subject, Liverpool water being soft.
However, Mr. Swarbrick is quite justified in warning our
hypothetical Committee that if their proposed wash-house
'v^ill be sited in a hard water area, then there will be an
additional cost for water softening.
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Mr. J. H. Cockrell (Wigan): Has Mr. Bland considered
the possibility of heat recovery from waste water from
washing machines?

Mr. Bland : I have given very careful consideration
indeed to the possibility of recoving heat from the waste
water, and I believe that it is not an economic proposition.
This waste water is only at a temperature of about 80° to
90° F., and to the best of my belief, there are only two
practical means of recoving the heat.

The first way is to use a heat exchanger. This, to recover
any appreciable amount of heat, would have to be huge, and
of course, correspondingly expensive, as the temperature
differences are small. The only other way would be to use
a heat pump, which unfortunately is still a very expensive
machine.

Mr. J. Derbyshire (Chorley): In view of the fact that
many types of washing powders are used to assist washing
by users, is it found that an excess amount of deposit is
found on the inner shell; if so, what steps are taken to obviate
this trouble?

Mr. Bland: Yes, there is a considerable amount of
deposit to be found in the machines, but in Liverpool a good
internal cleaning once a week suffices. However, with some
waters, these deposits can be cement-like, but that is a
problem more for a chemist than an engineer.

The President: I am sure we are very grateful to Mr.
Bland for the excellent manner in which he has answered
the many questions put to him. Thank you Mr. Bland.
(Applause.)

Tuesday, 25th April, 1950. Afternoon Session.

The President: Ladies and Gentlemen, this afternoon
I have pleasure in introducing Mr. H. Keeling, F.I.M.T.A.,
Borough Treasurer, Worthing, who will read a paper entitled
“Standardisation in Relation to the Baths Service.”
(Applause.)
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STANDARDISATION IN RELATION TO
THE BATHS SERVICE

By HERBERT KEELING, F.LM.T.A.

1. A hundred years ago scientists were deciding upon
agreed standard units in order to facilitate their investigations
and research work.

2. Since then standardisation has been applied widely in
commerce and industry, so much so that in many of its appli­
cations it is accepted without question by all of us.

3. There are many fields in which the advantages of apply­
ing standardisation are being investigated and in local
government, research into the standardisation of accounts of
local authorities is continuing, not only in this country but
in South Africa and the U.S.A.

4. In his Address to the 1949 Conference, your President
referred to the great variation in the charges made for Baths
Services in various parts of the country and declared that it
was time a general enquiry was instituted in order to consider
the possibility of introducing a greater degree of uniformity.

5. The purpose of this paper is to make a preliminary
examination of the possibilities of applying standardisation to
certain aspects of the Baths Service.

6. The facts upon which the suggestions and conclusions
contained in this paper are based have been extracted from
information supplied by colleagues in 101 selected towns in
various parts of England, Scotland and Wales.

7. Some local authorities have never provided either
covered, outdoor, private baths or washhouses. The majority,
however, provide some or all of these services. Certain
establishments have been erected within recent years or have
been modernised, but generally by reason of the restrictions
on capital expenditure during and since the war it has not
been possible either to build new establishments or to modern­
ise the older ones.

8. Each town does not provide identical facilities to its
residents and variations in the standard of the services which
are offered are usually reflected in the charges made to persons
using them.

9. Allowing for these variations and for any other local
factors which may operate it should be possible to ascertain
whether in effect local authorities are adopting any common 
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practice in any aspect of the Baths Service and, if so, to
delineate the present basic standard.

10. The Baths and Washhouses Acts and the Public Health
Acts are quite clear in their intention that the aim of the Baths
Service should be to further the health, cleanliness, comfort
and welfare of the population. In the earlier Statutes the
prescribing of maximum charges and minimum facilities for
certain classes of the population endeavoured to ensure that
no individual should be debarred from using the facilities
provided by the Baths Service by reason of charges which he
could not afford to pay.

11. Consequently, charges made for the use of the Service
have not been sufficient to meet the whole of the expenditure,
and the balance has been met from the rate fund. There has
been no standard practice governing the proportions in which
the cost of the service should be divided between the users
of the facilities and the general body of ratepayers, and
charges have been fixed locally, largely on the basis of “ what
the traffic will bear.”

12. Where a number of different facilities are provided
in one baths establishment it is usual to show separately the
amount of income received by each different part of the ser­
vice. This is not the case with expenditure, the normal
practice being to show the total cost of the establishment. It
is not possible therefore to ascertain over a wide field what
proportion of the cost of providing each different section of
the service is met by individuals actually using it.

13. In times of rising costs it is not found practicable to
increase charges sufficiently to prevent the widening of the gap
between costs and income, consequently the amount to be
borne by the ratepayer will increase, although many authori­
ties increase prices to such levels as will maintain the ratio
between income and rate charge. The amounts of rates
levied for the Baths Service in 1949-50 show considerable
increases over the corresponding figures for 1938-39, in fact
the statistics relating to the 101 authorities whose accounts
have been the subject of examination show that the rate levy
for Baths, and Washhouses has increased by more than 80 per
cent, in the past 11 years in spite of a fall in loan charges.
When restrictions on capital expenditure are removed the
amounts of the rates levied for the Baths Service will tend
to rise still further unless there is a considerable increase in
the income derived from the service. Whilst acknowledging
the fact that it has been the policy of a number of local
authorities to keep charges as low as practicable with the
object of giving the fullest possible encouragement to swim­
mers, such an increase in income can only be obtained by
charging very much higher prices.
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A. COVERED AND OUTDOOR BATHS
14. Let us examine first of all what charges are being

made by local authorities generally at the present time. The
best yard-stick for measuring scales of charges is the price
which an adult has to pay for a single admission ticket on a
week-day.

Adults
15. An analysis of the charges made by authorities with

covered or outdoor baths shows that single admission prices
for adults vary from 3d. to Is. 3d. The numbers of authori­
ties making the various charges are :—

Price. Local Authorities
with Covered Baths.

Local Authorities
with Outdoor Baths.

3d. 1 2
5d. — 1
6d. 21 7
7d 5 1
8d. 30 8
9d. 13 7

lOd. 2 —
Is. Od. 9 15
Is. 3d. 1 1

82 42

Many authorities have their scales of charges under review
at present, but of the authorities now making charges of 6d.
or less, one-half have made no change for single admissions
since 1938-39. Excluding those towns where no alteration
has been made, the most usual charges are: —

Covered
Baths.

1 Outdoor
Baths.

Towns in or near London
Inland Towns—North and

8d. 8d.

North Midlands
Inland Towns—South and

8d. 9d.

South Midlands 9d. 8d.
Coastal Resorts Is. Od. Is. Od.

16. -Higher prices are often charged at peak periods and at
baths where the swimming facilities provided are more up-
to-date.
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17. It would not be reasonable to prescribe a standard
basic single admission charge without first taking into
account:

(a) the cost of providing and maintaining the service;
(b) the proportion of the cost which should be borne by

the ratepayers, and
(c) the age of the establishment and the standard and

quality of the service given.
18. A solution to the problem might be found by grading

individual swimming baths according to the standard and
quality of the facilities given and then fixing a minimum
standard charge for each grade of swimming bath. The
process of grading baths would in itself present many diffi­
culties, but there is no reason why these should not be
overcome.

19. In the meantime those authorities providing a good
standard of swimming bath whose basic single admission
charges for adults are below 8d. might with profit review
the reasons for their lower charges.

Juniors
20. Should reduced charges be made to juniors? In

practice the charge made varies from 33J per cent, to 100
per cent, of that made to an adult for admission to a
swimming bath. Where 100 per cent, is charged there are
invariably alternative facilities for juniors such as smaller
baths or special classes, for admission to which a lower fee
is payable, the intention being to relieve the larger baths at
peak periods. In very few cases does the charge fall below
50 per cent., but in 13 out of every 20 authorities the practice
is to calculate the charge for juniors or children on the basis
of approximately 50 per cent, of the adults’ rate.

21. A standard which could be readily applied for non­
peak periods at both covered and outdoor baths is to
calculate 50 per cent, of the charge made to an adult and
where a fraction results take the next higher penny.

22. Considerable variations exist in deciding the age after
which the full adults’ rate becomes payable. At present the
limits vary from 8 to 18 years of age. The most common
limits are 14, 15 and 16 years of age and the 15 year
limit is applied by 55 per cent, of local authorities, although
in many cases juniors over 15 years still attending school
are also admitted at the reduced price. The question to be
determined here is whether the reduction is to be made
because juniors are still attending school or because they are
below a specified age whether attending school or not. In
practice it is probable that the school cap will be the deter­
mining factor.
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23. As a standard basis, the most convenient and practic­
able one would be to allow the reduced charge to all scholars.
In effect this would involve the issue of scholars’ tickets and
not juniors’ tickets.

Spectators
24. Charges made to spectators admitted to covered swim­

ming baths vary from Id. to 9d., most authorities charging
either 2d. or 3d. It is remarkable that one-half of the local
authorities have not varied these charges since 1938-39 and
in very many cases the same charge is made whether the
spectator is an adult or a junior.

25. There is an increasing tendency to make the charge
to spectators conform to that made to swimmers. The charge
to the spectator may vary according to the standard of accom­
modation available, and the practice of making a similar
charge to spectators and swimmers is more prevalent in the
case of outdoor bathing establishments. An examination of
the expenses incurred on the supervision and maintenance of
the accommodation made available to spectators would be
enlightening and would probably justify this higher basis of
charge.

26. The general practice, however, is to calculate the price
of the spectator’s ticket on the basis of one-half or one-third
of the adult swimmer’s ticket in the case of covered baths and
one-half or more for outdoor baths.

27. The variations in practice are considerable but one
of the following two alternatives could be operated as a
standard basis, viz

(a) For spectators and swimmers to pay the same admis­
sion fee, or

(b) To make the same charge for all spectators whether
adults or juniors. The amount could be calcu­
lated by taking 50 per cent, of the charge made
to the adult swimmer and where a fraction
resulted, the next higher penny could be charged.
If the suggestion made in paragraph 23 were also
adopted the effect would be that all spectators
(whether adults or juniors) would pay the same
price as a junior swimmer.

Books of Tickets
28. The practice of issuing books of tickets is gradually

being abandoned and now three out of every four authorities
no longer issue them. Where books are issued, with few
exceptions they contain twelve tickets each and the reductions
in price vary from 12| per cent, to 50 per cent.
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29. The object of selling books of tickets is to increase
'the number of attendances, but the experience of some
authorities indicates that what little increase there may be in
attendances does not justify the reduction in price and the
extra cost of administration and printing.

30. In those cases where local authorities propose to con­
tinue the issue of books of tickets, it is suggested that the
standard should be books of twelve issued for an amount
equal to the price of ten single admission tickets.

Season Tickets
31. It is noticeable that in many parts of the country there

is a tendency to withdraw altogether the issue of privilege or
season tickets. With one exception, weekly or fortnightly
tickets are not issued at all either for covered baths or outdoor
baths. Monthly, quarterly or half-yearly tickets arc issued
by very few local authorities.

32. Of 82 authorities with covered baths, 20 issue annual
tickets, 29 issue tickets for the summer season and 24 for the
winter season. 23 out of 42 authorities with outdoor baths
issue tickets for the season. It is not unusual to restrict the
issue of season tickets to juniors or to juniors attending
coaching sessions.

33. The main object of the issue of season tickets is to
increase the number of admissions and so give a higher net
income. In the case of outdoor baths the issue of season
tickets in advance ensures extra basic income in the event of
bad weather during the summer, whereas the issue of winter
season tickets encourages greater use of covered facilities at
a time when there are few peak periods.

34. What is the best method of calculating the price to be
charged for a season ticket? It is obvious that some local
authorities effect this by taking a fixed number of admissions
and multiplying it by the single admission price. An
analysis of season ticket prices charged by various authorities
converted into single admission tickets, gives some very
interesting results, viz.: —

Season Ticket.
No. of Single Admission

Prices.
AverageLowest Highest

Covered Baths—Annual 30 60 47
Covered Baths—Winter (7 months) 12 30 20
Covered Baths—Summer (5 months) 15 45 32
Outdoor Baths—Summer (5 months) 12 45 25

35. Where it has been decided locally to issue season
tickets, the standard practice should be to restrict them to
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three types, viz., Annual, Winter and Summer, or preferably
to the last two. As a standard of comparison for pricing
season tickets, the basis which could be used is :—

Equivalent to
the price

Type. Basis of Calculation. of single
Admissions
numbering.

(i) Annual One single admission each
week during the year. 52

(ii) Winter Season
(7 months)

(iii) Summer Season
(5 months)

Two single admissions
every three weeks. 20

Three single admissions
every two weeks. 33

Covered Baths—First and Second Class
36. During recent years many Councils have decided to

abandon the distinction between First-Class and Second-Class
baths, and of 82 authorities only 23 still differentiate between
the two classes. There are administrative and operational
advantages in the one-class system, which will probably be
adopted by an increasing number of local authorities as it
becomes easier to carry out the necessary alterations to
existing buildings.

Mixed Bathing
37. Nine out of every 10 local authorities do not make any

extra charge for mixed bathing facilities, although it is not
unusual to charge the full adults’ price to juniors admitted to
mixed bathing during peak periods.

Towels
38. An examination of towel systems and charges must

take account of the fact that until recently towels were difficult
to obtain and at present replacement costs are high. An
analysis of the practice regarding the hire of towels shows :—

Covered Baths
Outdoor Baths

Authorities
not hiring Hire Charges Total No. of
out towels. Free Id. 2d. 3d. 4d. 6d. Authorities

~25 1 10 33 8 2 3 82
18 -------- 6 7 6 5 42

39. It is common practice to have a choice of towels, e.g.,
Turkish or Huckaback of large and small sizes at varying
prices, and in some cases the ticket for the loan of a towel
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costs less than the charge made by the Baths department to
other Corporation departments for the laundering of a towel.
Juniors usually pay the same price as an adult.

40. The usual charge made for the hire of a towel is 2d.,
with higher prices for towels of better material and size. It
is considered that the total income from the loan of towels
should at least be sufficient to cover wear and tear, losses and
cost of laundering. Wear and tear and losses could be
ascertained by annual valuation, a method often adopted in
connection with small plant and tools of a Borough Engineer
and Surveyor’s Department.
Costumes, Trunks, Slips and Bathing Caps

41. The demand for the loan of costumes, trunks, slips
and bathing caps in different parts of the country shows
surprising variations. Of 82 authorities with covered baths,
50 are loaning costumes, 58 trunks or slips, and 19 bathing
caps. There is generally very little demand for the loan of
bathing caps; and costumes and slips are not particularly in
demand. There is no doubt that the increased cost of replace­
ments and restricted supplies have operated against the stimu­
lation of a demand because the style of costume or slip may
be out-dated and unattractive.

42. One authority makes no charge for the loan of a
costume or slip, but generally the price ranges from Id. to 6d.
for costumes, trunks or slips, and from Id. to 4d. for bathing
caps. In many cases the charges are the same as before the
war, usual charges being :—

Costumes or Trunks............... 2d. and 3d.
Slips ...................................... 2d. and Id.
Caps ... ... ... ... 2d. and Id.

43. When prices are stable and the supply position has
improved so that stocks of modern types of costumes and
trunks have been built up, it is likely that the demand will
increase, although many swimmers will still prefer to use
their own costumes. As in the case of towels it is suggested
that as a standard basis the charges for the loan of costumes,
trunks, slips and bathing caps should be at least sufficient to
meet wear and tear, losses and cost of laundering.

Non-Residents
44. In no instance is a higher price charged where bathing

facilities are used by individuals resident in another local
authority’s area.

Swimming Clubs
45. All local authorities grant special facilities to organised

swimming clubs and from all points of view there is no dis-
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puting the wisdom of this practice. The special arrangements
fall into three categories, viz :—

(a) Exclusive use of both covered and outdoor swimming
baths in the late evening, either immediately
before or immediately after the normal time oi
closing the establishment to the general public.

(b) The use of the baths for galas and water polo
matches, either free, for a nominal charge or on
profit sharing terms; and

(c) Assistance with swimming instruction, special coach­
ing, accommodation for club meetings and facili­
ties for providing refreshments.

46. There is a surprising number of variations in the
charges made by local authorities to swimming clubs and
their members. Taking first the arrangements for ordinary
club swimming nights :—

(i) 19 per cent, of authorities make a hiring charge,
usually a nominal one, on an hourly or sessional
basis, the club member paying no admission fee.

(ii) 58 per cent, make no hiring charge, the club member
paying the full or a reduced admission fee.

(iii) 11 per cent, make a hiring charge to the club, the
club member paying a reduced admission fee, and

(iv) 12 per cent, make other arrangements, most of which
require club members to purchase season tickets.

47. For ordinary club gala nights most local authorities
grant the use of the facilities at a nominal charge, although on
special occasions the local authority may pay the whole or
part of the expenses and take the whole or part of the receipts.

48. The link between swimming clubs and the local
Council is invariably a very strong one, the retention of which
must be borne in mind when making recommendations for
standardisation. One factor that seems to be common to all
local authorities is the desire to do everything practicable to
foster and encourage the clubs with the object of improving
swimming, diving and life-saving standards, the result of
which will ensure the building up of the future demand for
swimming bath facilities. The majority of authorities do not
make a hiring charge to the clubs, and the club member is
admitted at a reduced price, the reduction varying from 12|
per cent, to 66j per cent. Whatever standard practice is
adopted it should be one which does not make it difficult for
clubs to recruit and retain members.

49. A standard arrangement between a local authority and
a swimming club might provide for granting to the club, with­
out charge, every possible facility. This would cover exclu­
sive use of swimming baths for club nights and special coach­
ing, rooms for meetings and facilities for making refreshments.
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Individual members of the club would pay to the local
authority the normal charge for admission, either by single
admission tickets or season tickets. For ordinary club galas
a nominal charge could be made, the club retaining the
receipts. For special occasions, profit sharing arrangements
could be made between the club and the local authority.

School Children
50. In most parts of the country it is the practice for

school children to attend the swimming baths during school
hours throughout the whole of the school year wherever
swimming facilities arc available. In three cases out of four
the local education authority provides the swimming instruc­
tion. Sometimes instructors from the schools and those from
the Baths Service work together when coaching the children.

51. Three main bases are used to calculate the amount to
be paid by the Education Service to the Baths Service, viz:—

(a) A single admission charge for each child (this method
is adopted by 68 per cent, of local authorities).

(b) A fixed annual sum (by 28 per cent.), and
(c) A sessional or class charge (by 4 per cent.).

52. The average amount received for each attendance
varies from Id. to 9d., but in most cases the figure falls
between 2d. and 4d. There is no consistency at all in the
relation between the charge per head made to the education
authority and the payment made by a junior going to the
Baths by himself. The amounts recovered in various towns
vary from 25 per cent, to 100 per cent, of the cost of a
junior’s single admission ticket. Approximately one-third of
authorities recover an amount per head equivalent to the
junior’s single admission ticket, and altogether six out of
every ten local authorities receive 66| per cent, or more.

53. The use of baths by school children fulfils, a duty which
is neither the sole responsibility of the Baths Service nor that
of the Education Authority. As the Education Service is one
which attracts Exchequer Grant a standard method of calcu­
lating the charges to be made to Education accounts for the
use of swimming baths would be most desirable. The charge
made to juniors attending the swimming baths privately is
one subsidised by the ratepayers and, notwithstanding the fact
that the facilities for organised school swimming are provided
in off-peak periods for large numbers of children, there seems
to be no valid reason why the ratepayers through the accounts
of the Baths Service should make a greater contribution
towards the cost of swimming as an education activity than
they are making in the case of juniors attending individually.

Therefore, as a standard method, it is suggested that a
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fairer division of the cost between the tax-payer and rate­
payer than that which obtains at present would result if the
charge per head made for organised school swimming were
the same as the single admission price for a junior. Where
the services of an instructor of the Baths Service are used by
the schools a fixed annual sum should be paid in addition.
The same basis of charge could be applied to private or
independent schools.

54. In this particular aspect of the Baths Service stand­
ardisation could probably best be achieved nationally by the
media of the Associations of Local Authorities.

i
•. i

Free Season Tickets as Incentives
55. It is quite a normal practice to award free season

tickets for swimming or special coaching as incentives to
swimmers. Very often the tickets are purchased by the local
education authority for presentation to particular school
children, e.g., those who have been awarded certificates of the
Royal Life Saving Society, the most improved swimmer in
each class or the best all-round swimmer.

56. Free season tickets are sometimes presented as prizes
at Corporation Galas, but many local authorities award them
to adults who gain the Bronze Medallion of the Royal Life
Saving Society.

Swimming Instruction
57. It is surprising to find that 40 per cent of local authori­

ties do not provide swimming lessons. One quarter of the
remainder permit independent instructors to give lessons. A
fee is paid for the privilege, and charges are subject to the
approval of the Council. In most cases the instructor is in
the direct employment of the local authority and his services
may be utilised for special teaching sessions for groups of
juniors and for individual lessons.

58. One authority makes no charge for individual lessons,
but where charges are made they vary from 6d. to 3s. 6d.,
the usual charge being 2s. 6d. and 2s. Only one-third of the
local authorities reduce the charge for the lessons given to
children.

59. It is quite customary for tickets to be issued at a
reduced price for a series of lessons, the number in the series
varying from six to twelve.

60. It seems to be reasonable to relate the charge for
an adult’s swimming lesson to the actual cost, but a lower
price for juniors’ lessons would, without doubt, pay handsome
dividends in the future. As a standard, it is suggested that
the charge for a single swimming lesson for a junior should 
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be one-half of the price charged to an adult, and that a
ticket for a series of 12 lessons should be made available
at the price of 10 single lessons.

Winter Activities
61. The proportion of local authorities closing all bathing

establishments during the winter is one in every seven. Two
out of seven keep all establishments open throughout the
year, and the remainder close some of the swimming pools
for either the whole winter or for a sufficient period to carry
out the annual overhaul. During the period of closing, the
baths establishments are used for many other purposes. It
is not proposed to analyse the multifarious charges made, as
the amount is often related to the occasion, but as a matter
of interest the various activities are set out: —

Aquatics—Winter
Training

Badminton
Baptisms
Bazaars
Boxing
Cat and Dog Shows
Changing Rooms—

Football
Concerts
Conferences
Cricket Practice
Dances
Displays and Demonstra­

tions
Exhibitions

Flower Shows
Football Training
Golf Practice
Gymnasia
Indoor Bowls
Meetings
Orchestral Concerts
Restaurant (used by

Club)
Roller Skating
Socials and Private Parties
Squash Racquets
Table Tennis
Theatricals
Wedding Receptions
Wrestling

62. Experience in various towns seems to show that where
accommodation becomes available, there is a demand for
facilities for sports during the winter. This would indicate
that in designing new establishments, advantages would, no
doubt, accrue from the integration of other sports activities
with swimming, particularly during the winter months.

B. PRIVATE BATHS
63. Taking into account only those towns where the

facilities provided were essentially the same in both years,
the statistics show that the demand for private baths in
1948-49 exceeded the 1938-39 demand by 44%. Over the
whole of the country this represents an increase of several
million attendances. It is probable that a combination of 
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circumstances, of which the following are a few, may
account for the increased demand: —

(a) In every town there is still a proportion of houses
without bathrooms, in one case the proportion is.
as high as 75%.

(b) The type of industry in the area.
(c) The efforts which have been made over a period

by all those connected with the Baths Service
to publicise the available facilities, and by
modernisation, renovations and frequent
redecoration allied with efficient service
hygienic conditions and comfort, to make them
more attractive to the public, and

(d) The possibility that for many people the cost of
taking a bath at a baths establishment may
be much cheaper than taking one at home.

64. Almost without exception all local authorities have-
peak periods when the demand for baths exceeds the
maximum capacity of the establishment. These periods
occur, as might be expected, at week-ends, but particularly
on Friday evenings, Saturday afternoons and Saturday
mornings. Saturday evening is also a popular time.

65. Of 11 establishments providing sea-water baths and
81 providing fresh-water baths, 7 and 42 respectively operate
one class only.

Sea-Water Baths
66. The charges for sea-water baths vary from 9d. to*

2s. 6d., but most of the local authorities whose charges are
Is. 6d. or less have not increased them since 1938-39. The
charge of 2s. 6d. includes the use of soap and two towels.

Fresh-Water Baths
67. Fresh-water baths charges vary from 4d. to Is. 9d.:—

Total 4d. 6d. 7d. 8d. 9d. lOd. 1/- 1/2 1/6 1/9__ _ __j 2 — J -

and practically the whole of those at 6d. and 4d., in addition
to some of those in the higher price groups, have remained
unchanged for many years.

68. This service is obviously fulfilling a very urgent need
which will remain for some time, and the peculiar circum­
stances of the present have tended to delay increased charges-
in spite of rising costs. Further, the age of the establishment
and the standard and quality of the service given probably 
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varies moic than in the case of swimming baths. Authorities
which have not yet been able to do so are endeavouring to
modernise their hot bath facilities in order to provide a hot
bath under the most pleasing and attractive conditions.

Foam Baths
69. Charges for foam baths vary from 2s. to 5s. 6d.

Some of these are pre-war charges. For the normal foam
bath the usual charge is cither 2s. 6d.» 3s., or 3s. 6d., and for
such ancillaries as foam and pine the most usual charge is
3s. 6d. The charges made for this service appear to
correspond approximately to the actual cost (exclusive of
loan charges) of providing the service.

Soap and Towels
70. The number of authorities whose private bath charges

include the supply of soap and at least one towel is 45%
and 41% respectively.

71. Where soap is sold separately in tablet form, the
charge varies from Id. to 3d., although Id., l^d. and 2d.
are the usual charges. Here again the weight, type and
quality of the soap are reflected in the charge. Most
authorities are now using |oz. and Joz. tablets, and few use
the loz. type.

72. As in the case of swimming baths, the hire charge
for towels varies with the size and quality. The variations
are between Id. and 6d., but the usual charge is 2d.

Books of Tickets
73. Very few authorities sell books of tickets in connec­

tion with private bath facilities. Where they are used, issues
are normally in books of 12.

Blind Persons, Old Age Pensioners and Unemployed
74. Old Age Pensioners in particular are admitted to the

private baths either free- of charge or at very much reduced
prices. 44% of local authorities grant this concession, but
the privilege is usually restricted to specified times on days
other than those in the peak periods. In 26% of towns
similar privileges are given to blind persons and unem­
ployed persons, although it is not uncommon for Associations
of Blind Persons to refuse to accept free or reduced charges.
As a standard measure either of two alternatives could be
adopted, viz., to grant the privilege in the slack periods
either (a) free, or (b) at 50% of the adult charge.
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75. It is submitted that it is preferable to make one charge
for each type of private bath, to include soap and towels.
It would conform to existing practice if the weight of the
soap tablet were standardised at either |oz. or Joz., and two
towels were supplied.

76. Local authorities with charges of less than 8d.
(exclusive of the use of soap and towels) for a hot bath in
good standard surroundings are making a low charge for the
service rendered ; and a review of the reasons for the low
charges in relation to costs seems desirable.

77. Further, where accommodation is not fully utilised
during the early part of the week, consideration might be
given to a reduction in the price to those taking baths before
5 p.m. on Mondays and Tuesdays.

C. TURKISH, RUSSIAN AND REMEDIAL BATHS
78. Most local authorities providing these facilities are

experiencing an increasing demand for them.

Turkish Baths
79. The number of admissions for Turkish Baths in

1948-49 showed an increase of approximately 25% over
1938-39. The charges vary between Is. 6d. and 6s., the
most usual being 4s., 3s., or 3s. 6d.

Russian Baths
80. The demand for these baths has increased by approxi­

mately 13% as compared with 1938-39. Prices range from
Is. to 5s., but the most popular charges are 2s. and 3s.

Remedial Baths
81. There are very many variations in the type of special

or remedial baths and treatments offered by those authorities
which provide these facilities.

Books of Tickets
82. Where books of tickets are made available, the

number in the book varies from three to twelve, the latter
being the usual number. The price reduction for a book of
twelve tickets varies from 12|% to 40%.

83. The advantages of these facilities are often quite
unknown to the local population, and this difficulty has
been overcome in certain instances by giving them special
publicity.

84. It is noticeable that in one case where charges have
recently been revised a measure of simplification has been 
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achieved, in that there has been a reduction in the number
of different prices. In order to secure a measure of standardi­
sation the various types could be separated into groups of
baths, massage and treatment, according to relative cost and
group prices fixed accordingly. As in the case of private
baths, the charge made for the service should be an inclusive
one, whatever towels, soap or other materials may be
required.

D. WASHHOUSES
85. In the official handbook isssued by an authority in

Yorkshire, the washhouses are publicised in this way: —
“ Make Your Wash-Day a Pleasure.”

“ Washing day at home is usually a heavy day, with
discomfort for the housewife and the family.”

“ Not every woman can afford the luxury of the latest
electrical washing, drying and ironing ap­
pliances, but you can use them and make your
wash day easier and cheaper at the Public
Washhouses.”

86. In some parts of the country the use of the word
“Washhouse” is being abandoned, and the title of “Public
Laundry ” or “ Mechanical Laundry ” is being substituted,
but the statement above epitomises the main reason for the
increase of 24% in the use of these establishments as com­
pared with 1938-39. There is no doubt that the demand
for washing machines is such that they are fully utilised
throughout the whole time the premises are open. There
are waiting lists sufficient to show that additional machines
would be booked to capacity, but the installation of more
machines invariably involves alterations to premises.

87. In premises fitted only with Manual Wash Stalls, the
use is such that arrangements for booking in advance are
seldom necessary. Where mechanisation has been intro­
duced, advance booking arrangements have become a
practical necessity, and the period ahead for which advance
bookings can be accepted varies from one week to one year.
One authority has even allowed users to make permanent
bookings for a fixed day and time, and in another each
booking is limited to one hour. In a few cases part of the
charge is paid on booking, the remainder being paid on day
of use.

88. In some cases the charge made for Manual Wash
Stalls or Washing Machines includes the use of ancillary
equipment, but in others extra charges are made. Examples
include extra clothes horses—hourly charge for use by day
and one charge where used for night drying; washboards, 
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electric irons, extractors or soap is often included with the
machine charge, but other materials, such as soda, blue and
tints are usually sold separately.

89. Charges for Manual Wash Stalls range from 1-Jd. to
8d. per hour, and the number of authorities making the
varying charges arc : —

lid. 2d. 3d. 4d. 4 Ad. 5d. 6d. 7d. 8d. Total
2 4 4 5 1 2 4 1 1 24

Of the 10 authorities charging 3d. or less, 8 are in the
Metropolis.

90. The charges made for the use of washing machines
vary from 9d. to 2s. per hour, viz: —

9d. Is. Is. 2d. Is. 3d. Is. 6d. Is. 8d. 2s. Total
1 7 3 4 2 1 3 21

i
91. As new equipment and machinery is introduced into

public washhouses, it should be practicable to calculate
standard charges for the various sizes and types of electric
washing machines. The trend is towards much greater
mechanisation, and an inclusive rate per hour for the use
of all the facilities, including the usual materials, should be
the aim.

E. OTHER ACTIVITIES
Laundries

92. Of every seven Baths authorities operating laundries,
five also do laundry work for other Corporation departments.
In only a small proportion of authorities is it the practice
for the Baths Service to undertake collection and delivery
of the articles. The charges made to other departments van*
considerably, e.g., in the case of hand towels from |d. to
2|d. Some of the larger authorities make charges which
are very similar to those of commercial laundries in the
district.

Sea Bathing
93. As compared with 11 years ago the use of dressing

accommodation provided in conjunction with sea bathing
has shown a considerable fall and, with one exception, is
still decreasing in popularity. It seems clear that unless
the beach or foreshore is particularly crowded, then sea
bathers will undress and dress without paying for the ’ use 



of organised dressing accommodation. In 1938-39 this
summer facility was at least self-supporting, but as the result
of post-war increases in costs and the fall in income, five
out of six authorities are having to meet a loss. Prices
vary from 6d. to Is. for adults, and from 4d. to 6d. for
juniors.

Automatic Machines
94. It is unusual to find a baths establishment without

weighing machines and hair-cream machines. Hair dryers
are also being introduced. The normal practice is to hire
the machines, a percentage of the gross takings accruing to
the Baths Service. This percentage is usually 33|, but
may be as low as 25% or as high as 50%. There is an
increasing tendency for local authorities to purchase their
own weighing machines, and this is a proposition worthy
of consideration.

Cafes, Restaurants and Buffets
95. Cafes and Restaurants contained within baths

establishments are invariably designed so that they can
also operate as separate units when the establishment is
closed for bathing. Three out of every four local authorities
operate their own cafes and restaurants, and most of them
are either self-supporting or profit-making. The same can
be said for buffets run for the convenience of bathers.

F. DEPOSITS
96. Since 1938-39 serious practical problems have arisen

in connection with systems for the control of towels,
costumes, slips and bathing caps, by reason of difficulties
of replacement and rising costs.

Towels
97. Towel losses have been extremely high in many

towns, and during the war arrangements for hiring them
were suspended by numerous authorities because of the
difficulty of obtaining replacements. More than one-half of
the baths undertakings hiring out towels have found it
essential to ask for a deposit whenever a towel is hired, the
amount of the deposit being repaid when the towel is
returned after use. The amount of the deposit required varies
from 6d. to 10s., and is usually 2s. 6d.

98. A considerable fall in the proportion of losses
invariably results as soon as a system of deposits is intro- 
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duccd, but without a most expensive and elaborate system
of control, and the demanding of deposits equal in amount
to the replacement cost of the towel, it is not practicable to
obviate losses entirely.

99. This troublesome problem has been investigated by
many authorities and various methods to supplement the
vigilance of the staff and the deposit system have been
adopted, e.g.:—

(a) The name of the local authority is interwoven
twice in each towel. At the present time the
practice of local authorities is: —

Interwoven twice ... ... 34%
Interwoven once ... ... 55%
Identified by indelible or

marking ink ... ... 11%
(b) The display of warning notices, indicating

penalties.
(c) The stamping of admission tickets with a large

letter “ T ” in red ink when a towel is hired.
All admission tickets are examined by an
attendant when bathers leave. Ordinary
admission tickets are collected, and tickets
recording the hiring of a towel are clipped by
an attendant at the same time as the towel is
returned. The deposit is returned by the
cashier only on presentation of the clipped
ticket.

One authority will not hire towels to juniors; another
requires a deposit of ten shillings and records the name and
address of the hirer.

100. The extent to which these various methods need
be applied in the case of a particular local authority will
depend upon the degree* of losses.

Costumes and Bathing Caps
101. The problem of losses of costumes, trunks, slips and

bathing caps varies according to the age, style and quality
of the article offered for hire. This is probably the reason
for the wide range of deposits required, and for the fact that
larger deposits arc usually demanded at outdoor pools, where
it is customary to provide modern costumes and trunks of
good quality. Deposits for costumes vary from Is. to £1,
trunks or slips from 3d. to 5s., and bathing caps from Is. to
2s. 6d.
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G. CLOTHING
102. The main reason why the custody of the clothing

and valuables of persons using swimming baths presents so
many practical difficulties is the serious risk of loss through
pilfering. The objections to the use of common rooms,
galleries and unlocked cubicles can, therefore, be understood.
The method of undressing in a cubicle and then placing the
clothes in (a) a metal clothes rack, hanger or basket, or (b)
a locker, either self-locking or locked by an attendant with a
master key, is not always satisfactory because children, in
particular, leave clothes in the cubicles with consequent losses.
Locked cubicles are preferred by some authorities, although
it is probably impossible to provide sufficient space so that
each swimmer can have a locked cubicle.

103. Many differing methods are used for the claiming of
clothes, e.g.: —

(a) Metal or plastic discs with string loops or cords.
(b) Numbered rubber wristbands.
(c) Wristbands and keys.
(d) Numbered linen tabs with brass safety pins.

In practice discs, wristbands, tabs and keys are lost in the
water, cords tighten when wet and are cut or loosened,
rubber wristbands perish and are lost unless regularly
inspected and replaced. The loss of discs was practically
eliminated by one authority which levied a fine of 6d.

104. Where a bather cannot produce the claiming media,
it is the normal practice not to release clothing until a
satisfactory description of the contents of the pockets has
been given and the name and address of the claimant
recorded.

105. One large authority prefers individual and separately
locked cubicles, another is abandoning metal baskets owing
to damage, and is changing over to the metal locker system.

106. The method most suitable to a particular bathing
establishment will depend upon the space available, and the
practicability of making alterations. It is not possible for
one particular system to be prescribed which will suit all
establishments.

H. TICKETS AND TICKET SYSTEMS
107. How many denominations of tickets are really

necessary ? Tn the past the variety of tickets has been
governed by the statistics which have been required. Even
at the present time, some local authorities determine their
bathing arrangements by the demand depicted by the sales
of tach type of ticket, and feel that if the number of types 
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is reduced there will be a sacrifice of essential statistical
data. This view is not general, with the result that the
number of denominations of tickets for indoor baths, may
range from eight to more than forty.

i...
Separate Tickets for Ladies and Gentlemen

108. The main single factor governing the number of
ticket types is the practice of issuing separate tickets to ladies
and gentlemen. Is it vital that these statistics should be
available every day ? In most cases an occasional test of
the user by bathers of the different sexes would suffice. When
separate tickets are not issued, all duties connected with
tickets and ticket records arc simplified considerably. 65%
of local authorities do not issue separate tickets for ladies
and gentlemen, and many of the remainder retain the separate
ticket system only for private baths. It is significant that
most of those authorities recently investigating methods of
simplifying Baths Service arrangements have reduced the
number and variety of tickets in use mainly by deciding that
separate statistics for men and women are no longer
essential, and it may not be very long before the practice
of issuing separate tickets is abandoned generally.

Deposits
109. It is customary to issue a separate ticket where a

deposit is demanded, but at least one authority issues one
ticket at a price to cover the hiring charge and the amount
of the deposit.

Turnstiles and Ticket Offices
110. Opinions as to the desirability of using turnstiles

at the entrance to bathing establishments seem to be divided.
53% of authorities provide them at all or most of their
esablishments. In the case of one outdoor bath where great
numbers of spectators are attracted, these particular admis­
sions are controlled solely by turnstiles without the issue of
tickets, but difficulties are experienced through more than
one person being admitted for one turn of the turnstile. In
another instance, turnstiles were introduced after the
discovery of defalcations.

111. Bathing establishments generally have been designed
to ensure that members of the public do not enter baths
premises without passing ticket office windows.

112. Whether it is practicable for ticket office staff to
carry out clerical work in addition to the issue of tickets 
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depends upon the particular local circumstances, but in more
than 60% of the ticket offices the basic returns relating to
cash, tickets and stock are completed.

Method of Issuing Tickets
113. There is a great difference between the methods

used at present in ticket offices and those which manage­
ments would recommend for installation in new swimming
establishments. Existing practice shows that the most
commonly used system is that of roll tickets. Automatic
devices with pre-printed or self-printing tickets, cash
registers, and railway type tickets are also used. The
methods which have been recommended for use in new
establishments depend upon the size of the premises, number
of entrances, and denominations of tickets, but in order of
preference, they are: —

(a) Automatic or mechanically controlled
devices using either pre-printed or
self-printing tickets ... ... ... 88%

(b) Cash registers ... ... ... ... 9%
(c) Roll tickets ... ............. 2%
(d) Railway type tickets ... ... ... 1%

The authority preferring the railway type ticket is a very
large one where the existing method is working satisfactorily,
and where the standard method adopted for all existing
establishments would naturally be applied to a single new
establishment.

Denominations of Tickets
114. .The adoption of the suggestions made earlier in

this paper would also result in the reduction of the number
of denominations of tickets. The question as to whether
it is practicable to use the absolute minimum number of
varieties would depend upon the statistics which were
required.

I. COSTING
115. Cost accounting has been receiving a great deal of

publicity lately. Costing is still in process of development,
and few industries or concerns have yet made the fullest
effective use of it. It has been said that it is a fact that
standard costs have had as revolutionary an effect on indus­
trial accounts as the jet engine has had on aircraft design and
performance, but it would be most unwise to claim too much
for costing. No system yet devised can ever take the place
of management. Good management without costing is 
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always more effective than bad management with costing.
There is no doubt, however, that many industries have found
that management proves to be more effective if good practical
use is made of costs provided speedily.

116. The application of costing principles to various local
government services has increased considerably during the
past 20 years, but little attention has been given to the use
of costing in connection with Baths services. It is not
possible to obtain general information as to the costs of
operating the various units of service within a single baths
establishment and the division of the cost of a service unit
between the ratepayer and the swimmer or bather is not
capable of ascertainment.

117. Quite a number of authorities have investigated the
comparative costs of utilising gas, electricity, fuel oil and
solid fuel for boilers. The result of these investigations has
been to prove that generally: —

(a) Solid fuel is cheapest.
(b) Fuel oil and gas are approximately equal, and
(c) Electricity is probably the most expensive.

Where authorities have decided to standardise on solid fuel
the financial savings have been considerable, but in one case
where, by reason of atmospheric pollution, gas healing was
retained, a special reduction in charges was made by the
Gas Board. Another interesting point is that only 20% of
those authorities using solid fuel value fuel stocks at the end
of each year, and so ascertain the true expenditure on fuel
for each year.

118. Few local authorities calculate unit costs of pumping
and filtration. The ascertainment of the standard costs of
these operations throughout the Baths Service would give
data which would be invaluable in day-to-day administration
and in planning new establishments. The costs per hour
of operating machinery in common use, if collated, would
give the opportunity of deciding on the most efficient types
for special purposes, and it is certain that this would show
some very surprising results.

119. An examination of the application of modem costing
principles to the Baths Service would be more than justified.
It is a most important subject, particularly having regard to
rising prices, the increase in rate levies and the necessity to
reduce costs without impairing the efficiency of the Service.
The subject of costing for the Baths Service would aione
justify a separate paper.
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J. CONCLUSION
120. This paper does not purport to be an exhaustive

research into standardisation of the Baths Service, but it has
been a preliminary canter over the field. The examination
of statistics and information during its preparation has
elicited a number of fundamental points, viz.: —

(a) The steady increase over many years in the
demand for the main facilities provided by the
Baths Service.

(b) The peak demand does not appear to have been
reached, and if the facilities are constantly
reviewed with the object of maintaining a good
standard of service, publicity allied with
encouragment of juniors will ensure that even
greater use will be made of the Baths Service
in the future.

(c) The rate levied for the Baths Service tends to
increase mainly by reason of rising costs. A
constant watch should be kept on expenditure
to ensure that the best value is received for the
money spent. An examination of the applica­
tion of modem costing to the Baths Service is
very necessary so that ultimately standard costs
can be ascertained.

(d) A great measure of standardisation, particularly
in the method of assessing charges, could be
achieved without difficulty or delay.

121. In conclusion I would like to take this opportunity
of expressing my sincere appreciation of the kindness of so
many Chief Financial Officers of Local Authorities in
England, Scotland and Wales, who, in co-operation with their
colleagues the Baths Superintendents, supplied at short
notice the essential facts and general information without
which this paper could not have been written.

Mr. J. R. Snowdon (Leigh): Invariably one particular
class of the community benefits most from the issue of season
tickets. This applies especially in industrial areas as the
patrons who are able to purchase these are the ones in the
best possible position to pay the single entrance fee:

Does the author agree that in the standardisation of the
Baths Service the complete and universal withdrawal of
season tickets would be a step in the right direction or not?
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Mr. Keeling : I do not agree with the complete
withdrawal of season tickets, although I realise that in some
areas patrons may find difficulty in raising the money to pay
for season tickets. The types of season ticket should be
limited to those which combine service to the public with
financial benefit to the local authority. I would limit season
tickets to Summer and Winter and would ensure that the
discount given to the season ticket holder is not too great.

Mr. F. R. Botham (Manchester) The amount paid for
parties of school children by the many local Education
authorities to the Baths Committee varies to a substantial
extent, as you have so clearly demonstrated in your paper.
For example, the sum paid in Manchester works out at less
than l.ld. per child, including the use of towel. In view of
the fact that junior public admission charges also vary from
town to town, would you be prepared to state a charge for
this service per child that could be put forward on a national
basis?

Mr. Keeling : I am not prepared to put forward a figure
which should be used as a national charge per child for this
service. In the paper I have suggested a standard basis for
calculating the charge, but this could not be achieved
nationally other than through the media of the Associations
of Local Authorities.

Mr. Botham: Have you considered the full impact in
recommending that admission charges should also include
two towels and soap for each private bath user, bearing in
mind that for many years most local authorities have with­
drawn the “ free ” issue of towels. Don’t you think it would,
in practice, be a better arrangement if users were given the
option of hiring towels, thus reducing the heavy expenditure
that would be entailed in building up stocks?

Mr. Keeling: At the present time particularly, there is
a lot to be said for this suggestion. The recommendation in
the paper was made with the object of streamlining the
arrangements in the future, so that the individual would make
one inclusive payment entitling him to receive all the
ancillaries connected with the particular service which he
requires.

Mr. T. I. Murray (S. Shields): Does the speaker agree
that the admission charge is controlled by the income derived
by Id. rate related to the population of the authority?
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Mr. Keeling: My experience of the fixing of admission:
charges for baths docs not agree with this. I have found
that the question of revising charges usually arises when the
annual estimates are presented to the Baths Committee and
if there is an increased deficiency, efforts are made to maintain
the ratio between the amount paid by the individual bather
and the amount met by the rate, by increasing charges. If
you had said: “ Do you agree that the admission charges are
governed largely by the amount of rate levy? ” I should
have said: “ Yes.”

Mr. A. A. Tarbox (Luton) : Does the speaker agree with
me. that all forms of cheap tickets and season tickets be
discontinued, due to the fact that the season is so short and
climatic conditions alter in short periods? It is necessary to
bring in as much revenue to cover the heavy overheads which
takes place often.

Mr. Keeling: I do not agree entirely with this. The
Summer Season ticket for outdoor swimming baths is a form
of insurance against bad weather, and in the winter you
want to attract as much custom as you can to the covered
baths. Books of tickets and season tickets are not always
as profitable as one might expect. I do not consider they
should be discontinued, they should be limited to those cases
which give the best facilities to the public together with the
best financial results to your authorities.

Baillie J. Fox (Motherwell): Is not one of the major
obstacles to standardisation, the distinctly opposite views held
by local authorities, where some regard the provision of public
baths as a necessary social service, as against others who seem
to regard these facilities as a purely commercial enterprise
—who measure their success by the income they receive
from the people who use them?

Mr. Keeling: I must agree with this. I appreciate the
attitude of Motherwell which makes the lowest charge and
has probably the smallest deficit per swimmer.

Mr. G. Akers (Kilmarnock): In view of the present day
good attendances at covered baths, would the speaker
encourage the use of season tickets?

Mr. Keeling : I would not encourage them too much,.
As I said in an earlier reply, they should be limited to Summer
and Winter Season Tickets.'
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Mr. Akers : Would Mr. Keeling give his opinion on what
basis he would, recommend season tickets for a modem

•covered bath built for mixed bathing all the time?

Mr. Keeling: My answer to that is to have one for the
Summer and one for the Winter, but no Annual Season
Ticket. Probably the Winter Ticket alone would be sufficient
for a covered bath.

Mr. N. Tams (Stoke Newington): It is agreed that unit
costing would give some very surprising results, but it is
also thought that unit costing itself can be costly. Would
the author agree that costing over test periods would be less
costly and give a very useful guide to future action rather than
adopting a full scale unit Costing System?

Mr. Keeling: I agree with this question in theory, but
not in practice. My experience is that you cannot have
reliable costing over test periods unless your technical and
financial arrangements are so geared as to produce accurate
up-to-date information and figures immediately in the form
they are required.

Mr. C. P. Walker (Mitcham): Why make a token
charge for admission? Why not “ Free for all ” as the
Library Service and costs be borne by the Rates? I suggest
this would standardise “ Baths Charges ” and dispense with
cashiers, etc.

Mr. Keeling : I think this is a political question. It is
fundamental that over many years legislation has given you
the right to make charges for Baths Services. I can imagine
what your ratepayers and the Ministry of Health might say
if it were to be made a free service in any particular town.

Mr. A. W. Hall (Darlaston): I know that in some towns
the private bath attendances have fallen somewhat over the
past two years. From the information Mr. Keeling has
gathered, can he tell us if this is general and due to the
personal financial position or caused by local movement of
industry and workers?

Mr. Keeling: My comparison between the immediate
pre-war and post-war periods showed an increase of 44 per
cent, in the attendances. I did enquire whether attendances
were still going up, and the impression I was given was that
they were generally. The fact that money is getting tighter
may tend partly to offset this increase in attendances.
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Mr. J. F. Duscherer (Tipton): Would a standard book
of tickets which could be used for either swimming or private
baths at a reduced fee be a further incentive to the public?

Mr. Keeling : I do not believe that this would be so very
great an incentive. The difficulty with private baths is that
in many cases you have been prevented from bringing them
up to modern standards. When you have been able to do
this, then you will be providing something very attractive.
The incentive is more in the standard of the facility than in
the discount offered to those who purchase books of tickets.

Mr. S. Fisher (Middlesborough): Will the speaker agree
with me that the word “ Slipper-Bath ” has been in use all
over the country for over a period of 50 years and even the
child of to-day must know through his or her parent what
a Slipper-Bath is. Furthermore, would it be a good idea to
publish in the local Press and state what a Slipper-Bath is,
also such baths as Turkish and Russian Baths?

iMr. Keeling: The answer to the first part is that I am
convinced that very many young people do not know what is
meant by a slipper bath. I am certain the description could
be improved.

As to the second part of the question, many Baths
Managers have used facilities for publicity open to them with
good results.

Councillor R. Peach (Crewe): Does not the speaker
think that as swimming instruction is an education service
a Block Grant from the Ministry of Education is the solution?

Mr. Keeling: I would not be prepared to agree that
swimming instruction is solely an educational service.

As regards a block grant—No, we have enough block
grants already. I believe the only way is to arrive at a
standard basis of charge through the local authority associ­
ations, and for the agreed payment for school swimming to
rank for the ordinary education grant.

Mr. E. K. Hodson (Southport): In view of your
knowledge gained from questionnaires, what do you consider
a fair price for a Hot Sea Water Bath? Your paper gives a
figure between 9d. and 2s. 6d.

Mr. Keeling : If it were possible to ascertain what it was 
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costing for Hot Sea Water Baths in those towns providing
them/a standard charge could be suggested, but as this
information is not obtainable it is not practicable to quote a
fair price.

Mr. G. L. Hughes (St. Marylebone): Will the author
kindly enlarge on the answer given to Mr. Bond's most
interesting and important question of apportionment of
expenditure relevant to a Public Hall and Baths?

Mr. Keeling: I said that this problem was no more
difficult than allocating the expenses of a Town Hall over the
various services using it. Various bases can be used for the
different headings of expenditure, e.g., floor space, extent
and time of user and degree of benefit. The apportionment
of salaries is not unlike that of architectural assistants. Mr..
Bond is a Treasurer, he knows how to do it.

Mr. C. F. Goodwin (Harrow): If the speaker cannot give
us the description of Slipper Baths he has been given, is there
anyone present who can give the derivation of a Slipper
Bath?

Mr. Keeling : I used the term “ Private Baths ” in the
paper because 1 dislike the description “ Slipper Baths ” but
I would not suggest that such a description will suit everyone..

1 did not quote my version of the derivation of the term
“ Slipper ” Bath because I have not been able yet to confirm
it historically.

Mr. T. D. Anderson (Burnley) : You state in answer to
a previous question that money is getting tighter. In this
case is it not a good thing to have a separate charge for
Slipper Bath, Towel and Soap as, if the towel is not taken
it does not require to be laundered and if the soap is not taken
it is not used. Therefore the bather could bring his or her
own towel and soap and still use the services of the baths
provided at the charge for the bath alone?

{MJl Keeling: From the short term view of it, I agree;.
but when attempting to achieve standardisation a long term
view must be taken. My suggestion is that, based on the long
term view, one inclusive charge is best.

Mr. H. F. Cummins (Darlington): Has an education
authority any justification in asking for reduced rates of hire. 
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of a baths hall for a musical festival, considering that a 50
per cent government grant is forthcoming?

Mr. Keeling: If an education authority hires football
pitches from the local authority the charge paid is invariably
similar to that paid by any other organisation although in
fact the pitches are subsidised. I see no reason why an
education authority should pay less for the use of a hall for
a musical festival than any voluntary body organising a
similar festival is required to pay.

Councillor A. W. Jeffrey (Renfrew): Do you think it
would be a good thing for the Association to investigate and,
if possible, draw up and publish standard principles of costing
as applied to public baths for the guidance of Bathmasters and
Conveners ?

Mr. Keeling: This is an extremely useful question. I
have endeavoured to indicate that if you really want standard­
isation, whether it be a yardstick for measuring scales of Bath
Service charges or the costs required for the efficient operation
of the Baths Service, let the initiative come from within your
own ranks.

The President: Ladies and Gentlemen, I am sure you
would wish me to thank Mr. Keeling most sincerely for his
most interesting paper, and to compliment him on the manner
he has dealt with questions. (Applause.)

Tuesday Evening—Civic Reception.

His Worship the Mayor of Southport, Councillor R.
Johnson, J.P., supported by the Mayoress, Aiderman and
Councillors of the County Borough of Southport, received
the delegates as guests in the Floral Hall, and the ceremony
was followed by an evening’s entertainment.

Wednesday, 26th April, 1950. Morning Session.

The President: This morning I have pleasure in
introducing Dr. A. T. Palin, B.Sc., Ph.D., F.R.I.C., of the
Newcastle and Gateshead Water Company, who will read a
paper entitled “Chemical Aspects of Swimming Bath
Treatment.” (Applause.)
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CHEMICAL ASPECTS OF SWIMMING
BATH TREATMENT

By A. T. PALIN, B.Sc., Ph.D., F.R.I.C.

In recent years a considerable amount of research has
been done in the field of water treatment and some aspects
of this work, especially in connection with chlorine processes,
have a bearing on the treatment of swimming bath water.
At the same time the fact that the problems facing the Baths
Superintendent are, in many respects, different from those
involved in water purification should be given due recog­
nition. The process of continuous circulation at once intro­
duces a factor not found in water treatment practice and the
amount of pollutive matter that has to be dealt with is usually
far in excess of anything encountered in waters used as sources
of public supply.

The advantages afforded by the maintenance of “ free
chlorine residuals ” in bath water have 'been described by
Lea (1948, 1949). First and foremost there is the very much
increased rate of disinfection as compared with “ combined
chlorine residuals,” and, secondly, the general improvement
in the appearance of the water. The third advantage dealt
with the question of offence to bathers and while it is true
that free chlorine in water, even in relatively high concentra­
tions, is not unduly offensive to the senses, it is necessary
to consider, in this connection, the nature of the chloro com­
pounds which co-exist with the free chlorine. In a swimming
bath, regularly used, maintenance of residuals consisting
entirely of free chlorine is impossible because of the continual
addition of impurities, the very slow rate of some of the
reactions involved and the persistency of some of the chloro
compounds produced.

Some account will be given, in the present paper, of the
fundamental chemistry of chlorination processes. Of the
conclusions to be advanced, due emphasis will be placed on
those which appear to relate directly to swimming pool
chlorination. Reference will also be made to coagulation
and filtration processes.

CHLORINATION
Methods of Analysis

The terms “ free chlorine residual ” and “ combined
chlorine residual ” are by now generally recognised and 
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understood. The development and application of analytical
procedures capable of performing this simple differentiation
added considerably to our knowledge of chlorination.
Nevertheless the need for a closer study of the compounds
produced when waters aire chlorinated has been widely
appreciated, although the stage had been reached where
further progress was dependent upon the introduction of
improved methods of analysis. To this end, therefore, the
Author’s researches were first directed and the procedure
which eventually emerged gave, by its application, a good
deal of new information about chlorine reactions.

This procedure involves the use of “neutral o.tolidine”
as indicator, and estimations are made by titration against
standard ferrous ammonium sulphate solution, or, alterna­
tively, by comparison against standard colours. By means
of this method, “ residual chlorine ” is divided into three
fractions and where the chlorine-ammonia compounds are
involved these fractions are made up as follows :—

fraction 1—Cl= and NC13 (nitrogen trichloride)
fraction 2—NTLC1 (monochloramine)
fraction 3—NHC12 (dichloramine)
A further procedure sub-divides fraction 1.

Modification of the well known acid o.tolidine test, either
by taking an additional “ flash ” reading or by using the
sodium arsenite technique, gives some indication of the
relative amounts of free and combined chlorine in a water,
and for practical purposes this may 'be all that is required.
Precision of the test decreases with increasing temperature
and other limitations arc described in A.P.H.A. Standard
Methods, 1946. In addition there are indications that the
o.tolidine method does not respond fully to those compounds
falling in fraction 3 of the ferrous ammonium sulphate
method, i.e. the dichloramine fraction. Some preliminary
results are shown in Table 1.

TABLE 1
Determination of Available Chlorine in Samples of Distilled

Water, containing a Small Quantity of Phosphate Buffer,
with added Chlorine and Ammonium Chloride

Sample 1 2 3 4 5 6
/ NH,C1 1.2 1.7 0.9 0.2 — —

p a q ) NHCL 0.1 0.7 2.6 4.1 3.7 1.9r.A.S. Titration ... ...< nci     07 2°
( * CL — — — — 0*6 13

Total 1.3 2,4 3.5 4.3 5.0 37T
Acid Thio Titration  1.3 2.4 3.5 4.4 5.2 5.7
Colorimetric Acid O.Tolidinc ... 1.2 2.0 1.8 1.2 2.1 2.4

79



The conclusion to be drawn from these observations, and
one which has received support from actual tests on
swimming baths, is that the Superintendent using “ break
point** chlorination has been carrying, in the water, higher
concentrations of combined chlorine than his o.tolidine test
has indicated. Whether or not this is a matter about which
he should be much concerned will be discussed later.

Apart from any inherent defects of the method, however,
it is necessary to emphasise that where permanent colon­
metric standards are used in residual chlorine tests the
Superintendent should satisfy himself as to their accuracy.
•One form of apparatus was found, in the Author’s experience,
to give high readings and the extent of the errors was such
that a Superintendent using the apparatus and attempting to
maintain his free chlorine residuals within the range, say,
1 to 2 p.p.m., would in fact be working within the range
0.65 to 1.2 p.p.m.

Use of the terms “ free ” and “ combined ” may be
extended to the ammonia determinations. Thus one may
speak of “ free ammonia,” that is to say in the form of
ammonium salt or ammonium ion, and “ combined
ammonia ” where combination with chlorine, as in chlora­
mines, is implied. The standard distillation method is
incapable of differentiating between these two forms. And
again, although chloramines do not immediately respond to
direct Nesslerisation, the very alkaline conditions of the test
result in their gradual break-down with liberation of free
ammonia. This difficulty may be overcome by allowing oniy
1 minute contact after adding the reagent to the sample and,
of course, standard colour discs must be calibrated under the
same conditions. The chloramine-ammonia may be liberated
by prior dechlorination of the sample using a slight excess
of sodium thiosulphate. In this case the normal contact
period with Nessler’s reagent is allowed and the figure
obtained represents total ammonia, from which the free
ammonia figure may be subtracted to give chloramine­
ammonia. It will be necessary to consider later the practical
interpretation and significance of these ammonia determina­
tions but whatever else a swimming pool may contain so
long as free chlorine is present free ammonia will be absent,
and it is easy enough to confirm this by adding Nessler’s
reagent to a sample of the bath water and allowing to stand
for 1 minute when no colour should be obtained.

Chloro Derivatives of Ammonia and Related Compounds
Recognition of the profound effect of ammonia on chlorine

processes stimulated research on the chlorine-ammonia 
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reactions. It will be remembered that, although we speak
of “ free ammonia ” in water, it is normally present as
ammonium salt, or, because of dissociation, as ammonium
ion. For simplicity in depicting these reactions, however, it
is convenient to regard the ammonia as existing in the form
NH3, when the gradual substitution of hydrogen by chlorine
may 'be shown as follows :—

H H
\ /

Cl H
\ /

Cl Cl
\ /

Cl Cl
\ /

N N N N
1 I 1 1

H H H Cl
Ammonia Monochlora­

mine
Dichlora­

mine
Nitrogen

trichloride
(Trichlora­

mine)
nh3 NH-.Cl NHC12 NCI.,

The more chlorine there is available for a fixed amount
of ammonia the greater is the chance of forming the more
highly substituted derivatives.

There are organic compounds, related to ammonia, for
which the general formula RNH2 may be written, where
R stands for another chemical group or “ radical ” which has
replaced one of the hydrogen atoms of NH3. Amino-acetic
acid, the simplest representative of an important class called
the amino acids, has the formula

H

N—CH2. COOH

H

Cl

N—RN—R N—R

Cl
Dichloramino

compound

H
Amino compound

Formation of nitrogen trichloride would not be expected
ndr was any obtained in the Author’s experiments.

H
Monochloramino

compound

The reactions with
H

chlorine may be shown thus—
Cl
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The anomalous results of chlorination are connected with
the formation and subsequent decomposition of chloramines
and similar compounds. It is known, for instance, that the
presence of ammonia, and, to a lesser extent, of amino com­
pounds, in water ^produces the “ hump and dip type of
chlorine dose-residual curve—the so-called “ break point ”
curve. Given adequate contact period, the residuals up to
the minimum point of the curve, i.e. the break point, consist
of combined chlorine. Chlorine in this loosely-bound form
is still capable of responding to the usual tests; were it other­
wise our knowledge of the reactions would have been rather
limited and it is questionable whether we should have heard
of, or needed, such terms as “ combined residual chlorina­
tion ” and “ break point chlorination.”

In the discussion which follows, the usual practice of
referring to ammonia concentrations in terms of their
nitrogen content has been adopted. The course of the
chlorine-ammonia reactions is largely determined by the
relative amounts of the reactants at the start and, as already
noted, the higher the initial Cl/N ratio the more likelihood
there is of forming NHC13 and NC13. Formation of these
compounds is also favoured by low pH values.

The general picture for neutral and slightly alkaline waters
is given below and is based on the results of experiments with
an initial ammonia-nitrogen concentration of 0.5 p.p.m.

Cl/N Ratio up to 5/1
NH=C1 is formed with traces of NHC12.

Cl/N Ratio rising from 5/1 to 10/1
Increased quantities of NHC12 are at first obtained, NCI,

also appears together with excess Cl2. Further increase in
NCI3 and Cl2 is accompanied by a decrease in NH2C1 and!
NHC12. In general these mixtures are unstable and rapid
decomposition takes place with a resultant loss of total
available chlorine.

Cl/N Ratio rising from 10/1 to 20/1
Considerable loss of available chlorine occurs as a result

of rapid decomposition reactions after which NH2C1 and
%NHCI2 appear only as traces or not at all. NC13 and Cl2
then predominate and the resultant mixtures are fairly stable.
NCI3 maly persist for days in the presence of excess Cl2.

A selection of the Author’s experimental results is shown
imfig, 1. These compounds evidently form a rather quarrel­
some family and. when all are present they generally go into-
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a fairly rapid decline as a result of their mutual antagonisms.
No sort of stable order is maintained unless one of the con­
stituents is present in overwhelming ascendancy. If this
happens to be NH=C1 the presence of ammonia has a further
soothing and stabilising influence. The parent chlorine,
however, is unable to tolerate the presence of ammonia (the
other parent!) nor of any of the offspring with the exception,
despite its obnoxious properties, of NC13. It is to these
properties that attention is now directed. Nitrogen trichloride
is a gas and, being volatile, may readily escape to the
atmosphere. Aeration would be expected therefore to assist
in removing any NC13 that might be formed in a chlorinated
water. It has a pungent odour, resembling that of chlorine,
and the vapour attacks the eyes and mucous membrane—
quite obviously the kind of compound whose presence in a
swimming bath would be most undesirable.

The presence of NC13 in chlorinated water has hitherto
been regarded as incompatible with pH values over 4.4. The
important fact that, under certain conditions of chlorination,
this compound may be found at much higher pH values, has
emerged from the present work. Except possibly at very
low pH values (under 3) the NC13 is always associated with,
aind can exist only in the presence of, residual free chlorine
(as HOC1) and the equilibrium may be shown thus—

NC13 + H2O^NHC1= + HOC1.
The reaction may proceed in either direction so that

formation of NC13 would be favoured by increasing the
chlorine concentration. Such an .increase also extends the
pH range, in which NC13 is found, towards the alkaline end.
Thus in one experiment where the initial chlorine and
ammonia-nitrogen doses were, respectively, 8 p.p.m. and
0.5 p.p.m., and the contact period 2 hours, traces of NC13
were found at a pH as high as 8.2. Thus, while the virtues
of free chlorine residuals are recognised it is evidently
disadvantageous, from the point of view of NC13 formation,
to maintain these residuals at unduly high levels.

So far as the final decomposition products are concerned,
if the ammonia is eventually converted into nitrogen calcula­
tion shows that available chlorine and ammonia-nitrogen
should disappear in a ratio of 7.6 to 1, and this, on the same
basis, should be the ratio at the break point. With the low
concentrations encountered in water treatment the actual
ratio is invariably found to be somewhat higher than this
figure. For the pH range 7 to 8 the Cl/N ratio at the break 
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point was found to lie between 8.2 and 8.4 to 1. This precise
figure is mainly of academic interest as, in practice, account
must be taken of other chlorine-consuming impurities con­
tained in the water undergoing treatment. Reverting,
however, to the chlorine-ammonia reactions the discrepancies
have been attributed to the production of small proportions
of other nitrogen compounds such as nitrous oxide, nitrites
and nitrates.

The presence of nitrite cannot be accepted as it should
readily react with any excess of free chlorine. It now appears
that the earlier reports arose because of the production of
false colours in the standard nitrite test, an interference which,
as demonstrated by the Author, is caused by the presence of
NC13 in the water under test. It may be overcome by adding
the reagents in the reverse order, i.e. alpha-naphthylamine
first followed, after mixing, by sulphanilic acid. When this
is done nitrite is not found among the end products of the
chlorine-ammonia reactions. The Author has now concluded
that nitrate is, in fact, the sole product in addition to nitrogen
and the amounts obtained by analysis adequately account for
the observed divergence from the 7.6 to 1 ratio. An increase
in the initial Cl/N ratio is followed by the production of. a
greater proportion of nitrate.

In the “ chloramine ” or “ chlorine-ammonia ” treatment
process the principal product, in the pH range of swimming
bath waters, is monochloramine, the stalbility of which is
increased by the presence of excess ammonia. As a general
rule, increased stability necessarily implies reduced bacteri­
cidal activity. Given adequate mixing, there is no risk of
forming NC13 in the “chloramine” process.

The new analytical technique has been applied to a study
of the reactions between chlorine and amino acids. As noted
earlier, there is a similarity to the chlarine-ammonia
reactions; in neutral and slightly alka'line solutions mono­
chloramino acids are obtained as main products and,
furthermore, in the presence of excess chlorine rapid
decompositions occur. Break point curves may be obtained
although the “ hump and dip ” is not so sharply defined, as
with ammonia.

The addition of urea to water containing free chlorine
resulted in a gradual loss of chlorine, the rate and extent of
which increased as the concentration of urea was increased.
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Urea Added Available Chlorine lost

TABLE 2
Addition of Urea to water containing Free Chlorine

pH range 7.18-7.25
Initial CL concentration—2.7 p.p.m.

p.p.m. (as N) After 10 mins. After 4 hours After 1 day
0.5 0.0 0.1 0.3
1.0 0.0 0.1 0.5
1.5 0.0 0.2 0.7
2.5 0.0 0.3 1.0
3.0 0.0 0.3 1.1
4.0 0.1 0.4 1.3
6.0 0.1 0.5 1.7

10.0 0.1 0.8 2.2
In these preliminary experiments search was not made for

NCI3 and the residual which remained at any instant
appeared to consist aJlmost entirely of free chlorine.
Destruction of chlorine by urea is so slow that, for short
contact periods, the presence of appreciable amounts of this
impurity would not seriously interfere with the disinfection
process.

During these tests, however, the unpleasant odour of NCL
was noted and it was decided to conduct further tests and
to pay special attention to NCL formation.

TABLE 3
Formation of NC13 in Chlorine-Urea Reactions

pH—7.2
Initial CL concentration—1.75 p.p.m.

Urea Added After 4 hours
p.p.m. (as N) NCI, CL

5 0.18 1.35
10 0.14 1.21
15 0.13 1.05
20 0.11 0.96

After dechlorinating the samples, by adding sodium thio­
sulphate, the odour of NCL disappeared.

The following mechanism is suggested to account for the
slow absorption of chlorine with the accompanying formation
of NCL. In dilute aqueous solution urea slowly breaks down
into ammonia and carbon dioxide, and the rate at which
ammonium ions are so produced governs the reaction with
chlorine. This rate is so slow that, if appreciable quantities
of free chlorine are present, the condition arises where the 
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chlorinc/ammonia ratio is high and the resultant reaction, as
demonstrated earlier, leads to loss of available chlorine and
also to formation of NC13.

At any given pH the relative amounts of Cl2 and NCl3
are in a state of equilibrium, so that, while continued forma­
tion of ammonium ion from urea would, with a fixed chlorine
dose, produce more NC13 it would seem that hydrolysis of
the NCI3 so formed proceeds to an extent which tends to
maintain the balance between it and the chlorine remaining
unused. Since formation of NC13 from ammonia-nitrogen
and chlorine is favoured by increased acidity the above hypo­
thesis serves also to explain why production of NC13 from
urea is similarly favoured.

Absence of free chlorine during the slow decomposition of
urea permits the free ammonia, instead of having only
transient existence, to build up to a concentration which, with
normal chlorine doses, will give “ combined chlorine ”;
oxidation of the ammonia now requires relatively enormous
doses of chlorine. In practice, therefore, a bath which has
been in use for some time on “ chloramine ” or “ marginal ”
treatment will require chlorinating at a very high level before
free residual chlorine becomes established in the water.

The Impurities in the Swimming Bath
Having briefly surveyed these recent researches on the

chloro derivatives of ammonia and some related compounds
the next step is to consider what bearing these reactions are
likely to have on the chlorination of swimming baths, bearing
in mind that, in the newer processes, the aim is to maintain
in the water a “ residual ” or “ reserve ” of free chlorine.

Now there cannot, to the Author’s mind, be any doubt that
by far the biggest source of impurity in a swimming bath is
urine. In freshly-passed urine the normal ratio of urea to
ammonia is about 50 to 1, and something like the same ratio
applies in the case of sweat. It is suggested that the chlorine­
urea reactions so completely mask the chlorine-ammonia
reactions as to relegate them to an insignificant position so
far as break point chlorination of swimming bath water is
concerned. There is no break point, as, commonly under­
stood, in the chlorine-urea reactions and the applicability of
the term break point to swimming pool chlorination may well
be questioned. The so-called break point curve, however,
has no intrinsic merit and the advantages claimed for break
point chlorination are, in general, available to all waters irre­
spective of whether, according to present terminology, they
have a break point or not. ‘Where the aim is to produce free 
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chlorine residuals in a water one could logically regard the
break point reactions as disadvantageous ; inertness of
chlorine to ammonia would be advantageous.

For a pool continuously operated under these conditions
of chlorination the view that ammonia is the most important
factor influencing the process is a misconception arising from
a too rigid application of the principles of waterworks
chlorination. The analyst’s figures for “ free and saline ”
ammonia may be cited as proof of the presence of ammonia

' in the ibath water although chlorinated to a free residual.
In some results presented 'by Hoaither (1949) a sample of
bath water experimentally chlorinated at a dose of 35 p.p.m.
still gave, after standing 18 hours, an “ammonia” figure of
0.12 p.p.m. This should not be taken to mean, however, that
the water actually contains that amount of ammonia in the
form of ammonium salt, or ammonium ion, as this would be
incompatible with the presence of free chlorine. These

• apparently anomalous results arc explained by the fact that
the distillation involved in the standard analytical procedure
is a process sufficiently drastic to cause some decomposition
of the more complex nitrogenous organic matter contained
in the sample with the liberation of ammonia during the
analysis. Dechlorination of the sample may also produce
ammonia by reduction of chloramines and similar com­
pounds.

It is, of course, evident that the presence of urine in
swimming bath water is a potential source of ammonia since,
in addition to the small amount of ammonia naturally present,
decomposition of urea is capable of producing further quan­
tities. As mentioned earlier, the ammonia so obtained has
only momentary existence in a bath on “ free residual
chlorination.” On the other hand, the concentration of
ammonia, under conditions where a “ build-up ” is permitted,
becomes a decidedly significant factor if a change-over to
“ free residual chlorination ” is attempted. In addition to
ammonia, however, there must inevitably be an accumulation
of many other impurities, all thirsting for free chlorine, and
in the ensuing reactions the risk of nuisance to bathers is
considerably increased; it is therefore advantageous, when
adopting the new chlorine process, to start with a freshly

' filled bath.

Formation of Nitrogen Trichloride
The production of nitrogen trichloride, with its character-

. istic odour, during break point or free residual chlorination
was demonstrated by the Author in 1949 and this nuisance
has since been recognised in America by Williams, whose 
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conclusions regarding NC13 formation, although based only
on odour tests, appear to be in agreement with those of the
Author.

So far as the swimming bath is concerned, it is now
suggested that, while other chloro compounds may have con­
tributory effects, it is the presence of NC13, not only in the
water but in the atmosphere above it, which is the main cause
of eye irritation and objectionable odours. The extent to
which the reactions are capable of being controlled and the
degree of control that should be applied in order to retain
the many advantages of free residual chlorination without,
at the same time, causing offence to bathers, are matters for
further consideration.

It is reasonable to suppose that eye irritation may, at times,
be attributable to factors unconnected with chlorination, such
as the presence of soluble aluminium salts; residual alum in
the water, however, would hardly account for irritation
experienced in the atmosphere of the building.

Time of contact, pH and residual free chlorine appear to
be important factors governing the amount of NC13 in a
treated water and further examination of these relations will
be instructive.

The following results were obtained during experiments
with chlorine and ammonium salt. Monochloramine and
dichloramine, which were generally present in appreciable
amount at the 10 min. stage, probably influence the chlorine­
nitrogen trichloride equilibrium, but their concentrations are
not shown in order that the general picture may be kept clear.

Chlorine Dose 7.9 p.p.m.

TABLE 4
Formation of NC13 from Chlorine and Ammonium Chloride

in Water: The Effect of pH, Excess Chlorine and Time
of Contact

Time

10 min.

Ammonia Dose 0.5 p.p.m. (as N)
pH 8.0pH 7.2

Cl2 NCI,
... 2.8 1.0

pH 7.5
Cl, NCI,
3.6 0.8

CL
4.5

NCI,
0.4

2 hr. ... 3.0 0.6 3.1 0.5 3.3 0.1
T day

Time

... 3.0 0.4
Chlorine Dose

Ammonia Dose 0.5
pH 6.6

CL NCI,

3.0 03
6.0 p.p.m.
p.p.m. (as N)

pH 7.1
CL NCI,

3.4 0.1

pH 7.7
CL NCI,

10 min. ... 1.4 0.6 1.5 0.4 3.1 absent
2 hr. ... 1.4 0.3 1.4 0.3 1.5 absent
1 day ... 1.4 0.4 1.3 0.2 1.4 absent
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Chlorine Dose 4.6 p.p.m.
Ammonia Dose 0.5 p.p.m. (as N)

Time pH 6.7 pH 7.1 pH 7.9
Cl, NCI, CL NCI, CL NCI.,

10 min. .. 0.3 0.3 0.5 0.3 1.9 absent
2 hr. .. 0.4 0.1 0.4 0.2 1.1 absent
1 day .. 0.5 0.2 0.4 0.1 0.4 absent

It 'appears that, as a general rule, the maximum concentra­
tion of NCL is likely to be found just after adding the
chlorine so that, in practice, where conditions are suitable for
NCI3 formation most trouble would 'be experienced at the
inlet end of the bath. Aeration after chlorination would
therefore be advantageous; NC13 is a volatile gas, whereas
chlorine, existing as hypochlorous acid and/or hypochlorite,
should suffer no significant loss.

The importance of maintaining a reasonably high pH in
the bath water, in order that the irritation to eyes and mucous
membranes caused by NC13 may be avoided, is apparent
from the above figures, as also is the generally -increased risk
of finding this objectionable compound as the residual free
chlorine content is increased.

Formation of Other Chloro Compounds
Other pollutive matter, in addition to urea, gaining access

to the swimming bath must, by reason of its complex nature,
produce a variety of compounds, possibly with odoriferous
properties, when chlorinated. Some of the rather indefinite
odours, often of a sweetish-chlorinous type, are believed to
arise in this way and it may well be that, with free residual
chlorination, their formation cannot be entirely avoided at
all times.

Although these odours are much less offensive than NC13-
type odours, the extent to which the process may be
controlled in order to keep them at a minimum is a matter
for further study. There may, for instance, be some relation
between such odours and the amount of “ residual combined
chlorine ” in the water. In one case a bath water giving, in
the Author’s test, a high proportion of fraction 3 compounds
(i.e. dichloramine-type) had a decided odour. If this relation
could be substantiated generally and placed on some sort of
quantitative basis, the combined chlorine figure, instead of
being, as at present, of doubtful value to the operator, would
become of Teafl significance. Whatever interpretation is to be
placed on the “ combined chlorine figure,” however, there still
remains the point that with the usual o.tolidine test much of
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Ihe combined chlorine produced under these conditions of
chlorination appears, in any case, to have been missed.

There have ‘been indications that in the free residual
chlorination of swimming baths the fraction 3 compounds
tend to build up to a figure which presumably depends on
such factors as rate of chlorination, bathing load and pro­
portion of make-up water added. These dichloramine-typc
compounds seem to be fairly stable and if their presence, at
unduly high concentrations, is to be regarded as undesirable,
either because they are suspected of being responsible for
odour or arc indicative of incomplete oxidation generally,
then it is by no means certain that increased chlorination is
going to effect their destruction. On the contrary, it seems
just as likely that their concentration may increase if, by the
addition of more chlorine, the reactions responsible for their
formation are accelerated.

The extent to which the Baths Superintendent should
attempt to oxidise organic matter in the water is debatable.
Bleaching of organic colouring matter is obviously desirable,
but removal of colour does not necessarily imply any diminu­
tion of total organic content. There is no reason to believe
that the presence of organic matter in solution in the
swimming bath water has any more significance, from the
bather’s point of view, than the presence of such things as
chlorides or -nitrates, nor would it be of any more concern
to the Superintendent if, apart from the bleaching effect, such
organic matter were completely inert to chlorine. That it
does require to have its chlorine demand satisfied and may,
in other ways, affect the chlorine process must, however, be
taken into account, but over-chlorination in a problematical
attempt at its complete oxidation would seem to involve the
risk of generating compounds which, by having odoriferous
or irritant properties, are much more of a nuisance than the
•organic matter from which they derive.

This danger was recognised by Lea and 'Mills (1949), who
stated that “ the complete oxidation and therefore destruction
of urea by chlorine at the extreme dilutions concerned in
bath water is thought to be a relatively slow process which
cannot easily be accelerated by increasing the dose and
-concentration of chlorine. This merely leads to the formation
of undesirable compounds.”

Some of the opinions expressed above require, for their
substantiation, a good deal of additional information, much
of which can 'be acquired only by those engaged on the day-
to-day control of swimming bath treatment.
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The results of the following experiment, although only of
a preliminary nature, indicated that:—

(a) loss of free chlorine from water containing small
amounts of urea or urine is relatively slow, but being
continuous may cause the free chlorine to disappear
completely over a 'long period, e.g. overnight,

(b) the gradual accumulation of fraction 3 compounds
(dichloramine-type) appears to be associated with the
constituents of urine other than urea,

(c) once established this dichloramine fraction appears
fairly stable and not readily affected by increased
chlorination,

(d) when NC13 was present the characteristic odour was
usually detectable.

The experiment was conducted by taking ’two 20-litre
portions of tap water to which chlorine and polluting agent
were added at intervals, as indicated in Table 5, in order to
reproduce, so far as possible, conditions in the swimming
bath. The volumes withdrawn for the purpose of available
chlorine estimations were replaced by fresh tap water, which
would, in effect, correspond to the make-up water added to
the bath. The samples were adjusted initially to pH 8 with
alkalinity approximately 200 p.p.m. (as CaCO3), and there
was, during the test, no appreciable drop in pH.

TABLE 5
Chlorii*ation of Tap Water with added (a) Urea and (b) Urine

Urea
Chlorine

Dose
Urea
Dose

Contact
Period.

p.p.m.
2.0

p.p.m.
1 15 min.

2.0 1
overnight
15 min.

5.0

1
2 hr.

15 min.
overnight
30 min.

3.C I 5

4 hr.
overnight
30 min.
30 min.

overnight
1 day

further

Available Chlorine as •
M D N C
0.2 0.1 0.1 0.8
0.1 0.1 absent absent
0.1 0.1 absent 1.7
0.1 0.1 absent 1.4
0.1 0.1 0.1 1.2
0.2 0.1 absent 0.4
0.1 0.1 0.2 3.5
0.1 0.1 0.1 3.2 .
0.1 0.1 0.1 1.9
0.1 0.1 0.3 4.6
0.1 0.1 0.3 4.5
0.1 0.1 0.1 2.7 .
0.1 0.2 absent 1.3
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Urine
Chlorine

Dose
Urin.*
Dose

Contact
Period. Available Chlorine as

p.p.m. p.p.m. M D N C
2.0 50 15 min. 0.1 0.1 absent 0.6

overnight 0.1 0.1 absent absent
2.0 50 15 min. 0.2 0.2 0.1 1.0

2 hr. 0.2 0.2 absent 0.6
50 15 min. 0.3 0.3 absent 0.1

1.0 overnight 0.1 ( 3 absent absent
5.0 30 min. 0.1 0.4 0.2 2.9

4 hr. 0.2 0.3 0.1 2.4
overnight 0.1 0.3 0.1 1.1

3.0 30 min. 0.1 0.3 0.2 3.6
250 30 min. 0.2 0.4 0.1 3.0

overnight 0.2 0.4 0.2 1.6
1 day

further
0.2 0.4 absent 0.8

M—monochloramine fraction.
D—dichloraminc fraction.
N—nitrogen trichloride.
C—free chlorine.

Control of Chlorination
The main purpose of the tests prescribed for the routine

control of swimming bath treatment is to provide information
enabling the amounts of applied chemicals to be adjusted to
suit all conditions of the water. The two determinations
which are most frequently made are those of pH and residual
chlorine.

The importance of maintaining a reasonably high pH has
already been emphasised, and it is suggested that, for best
results, the amount of alkali added to counteract the acidi­
fying influence of chlorine and coagulating chemicals should
be so regulated as to ensure, at all times, a pH within the
range 7.5 to 8.

With the new chlorine process the aim is to maintain
residual free chlorine throughout the bath in an amount
sufficient to give rapid disinfection, an adequate margin for
load variation and, by bleaching organic colouring matter
and discouraging algal growths, a water of good appearance.
On the other 'hand, the amount of free chlorine should not
be so high as to permit the formation of compounds with
undesirable properties.

The limits between which the free chlorine residual should
be maintained in order to meet these various requirements
are influenced also by the turnover period and their fixation
is largely a matter of experience. It is considered, however,
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that as a general rule this residual should range between 0.5
and 1.5 p.p.m.; the higher values will, of course, be found
at the inlet points.

The extent to which the residual free chlorine concentra­
tion should be raised towards the end of the day in order to
allow for the continuing loss overnight is again a matter to be
determined by experience; possibly an increase to 2 p.p.m.
would suffice.

Having established, by regular testing under all conditions,
the most suitable range of residual free chlorine for a given'
bath, it may well be found in practice that the information
afforded by the residual free chlorine and pH determinations
is adequate for all control purposes.

The determination of residual combined chlorine, although
undoubtedly giving further information regarding the state of
the water, appears at present to be of questionable value so
far as control of the new treatment is concerned.

If a swimming bath is continuously on free residual
chlorination, routine tests for “ free ammonia ” by direct
Nesslerisation appear to be of no value to the operator.

The importance of frequent determination of “ alkalinity,”
a sufficient reserve of which is desirable in order to minimise
the risk of al pH drop, has been emphasised by Lea and Mills
(1949), who gave details of this useful supplementary test.
The advantages of using sodium bicarbonate as an alkalifying
agent were also given by these authors.

Before leaving the question of control, a further aspect
which merits serious consideration, and to which much of the
work described in the present paper adds point, is that men­
tioned by W. J. Jones, who suggested, in his contribution to
the discussion on Lea’s (1948) paper, that by “creating
physical conditions designed to make our bathers involuntarily
urinate before entering the water, much of our troubles in
connection with break point chlorination would be obviated.”

COAGULATION AND FILTRATION
The Superintendent making a study of water coagulation

will usually find it necessary to wade through a whole lot of
chemical formulae purporting to "show how the coagulants
aluminium sulphate and sodium aluminate react with the
various constituents of natural waiters. It is suggested, how­
ever, that there is a much simpler approach to these problems,
and one which, although ignoring other possible factors,
such as the nature and amount of the soluble salts present,



serves as a general guide to the results likely to be obtained
in practice.

Briefly, then, two conditions which require to be satisfied
before coagulation may take place are :—

1. the amount of aluminium ion must be sufficient,
2. the pH must be suitalble.

Furthermore, these two factors are inter-dependent. There
will be one pH, the optimum pH, in the region of which
coagulation proceeds most readily and where minimal
amounts of Al ion are required. The further the pH is
removed from this optimum the greater will be the concentra­
tion of Al ion required to coagulate the water. In the 'limit
the pH may be so far from the optimum—either above or
below it—that coagulation becomes impossible no matter how
much Al ion is added; aluminium compounds remain in true
solution both in extremely acid and alkaline conditions.

In order to achieve coagulation it may be necessary there­
fore to vary one or both of the albove factors. It is easy
enough to vary the amount of Al ion added and consideration
of the problem is made simpler by assuming, for the moment,
that such variation may be made without in any way altering
the pH of the water. Variation of pH, if required, would
then be effected by the addition of an alkali, e.g. lime, sodium
hydroxide, to raise it, or an acid, e.g. sulphuric acid, to
lower it.

If we now consider the salts normally used as sources of
Al ion we find that one, aluminium sulphate (“ alumino-
ferric ”) provides both Al ion and acid, and the other, sodium
aluminate, provides both Al ion and alkali. It can readily
be seen therefore that by suitable choice of coagulant it js
possible, in one operation, to apply sufficient Al ion and to
move the pH in the right direction, i.e. towards the opti-

• mum pH.
Most natural waters have a pH well above this optimum,.

other waters, such as those derived from mooriand sources,
may have a pH below the optimum, and there is an inter­
mediate class where the pH is already within the region of
the optimum value. Waters may, accordingly, be divided
into three groups :—

(a) where depression of pH favours coagulation and the
use of aluminium sulphate is therefore indicated,

(b) where elevation of pH favours coagulation and the use
of sodium aluminate is therefore indicated, and

(c) where a change of pH is unfavourable to coagulation
and the combined use of aluminium sulphate and
sodium aluminate, in suitable proportions, is indicated.
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In the case of swimming bath water, which normally falls
into class (a), improved coagulation would be obtained by
working at pH values lower than those customarily found in
practice, a fact -ailready pointed out by Lea (1948). It would
appear therefore that no advantage is to be gained by
replacing a proportion of the aluminoferric dose by an
equivalent amount (in terms of Al content) of sodium
aluminate.

A further point arising from this discussion is that main­
tenance of a pH between 7.5 and 8, now regarded as advisable
for the chlorination process, will not be conducive to good
coagulation. This unfortunate state of affairs may be over­
come, to some extent, by applying the chlorine with the alum
(i.e., before filtration) so that the acidifying influence of both
reagents is brought to bear at the point where it is most
needed, and by delaying the addition of alkali until after
filtration.

Consideration of the various factors involved, however,
leads to the belief that the answer will be found in inter­
mittent coagulation, a process which was developed by the
Author several years ago and, combined with prechlorination,
is in regular use at one water filtration plant. It must, of
course, be recognised that, so far as coagulation itself is
concerned, intermittent treatment cannot possibly achieve as
good a result as continuous treatment. At the same time,
however, unless chemical doses are under constant check,
there would seem to be a risk, in swimming pool operation,
of a condition arising where the continuous dose is a’chronic
underdose and where several turnovers are required before
the Al concentration in the water builds up to the critical
value for coagulation, by which time precipitation in the
bath, resulting in cloudy water, may be just as likely as
deposition in the filter. Intermittent treatment for short
periods, during which it is feasible to maintain constant watch
over the rate of dosage, would be advantageous therefore
from this point of view in addition to the other aspects which
have to be considered in relation to the chlorination process.

•Many of the results obtained by sand filtration of an alum-
dosed water are best explained by regarding the process, not
as simple mechanical straining with the formation of a surface
mat, but aS a gradual accumulation of film on the sand grains
in the.bed of the filter. For instance, the application of water
containing alum to a zeolite softener would result in a general
impairment of the whole bed; the stifling of reactions due to
the formation of film on the grains would not be confined
to the surface layers. With a sand filter a limit will eventually
be reached when, due to the gradual decrease of the free
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space, the water velocity past the grains increases to an extent
which prevents further deposition. If the water velocity, at
this stage, is very considerably increased, as in washing, the
deposit is removed. Now it is generally accepted that a> clean
sand filter is less efficient than one in which some deposition
has already occurred; the film acquired by the sand grains
has certain adsorptive properties. When the application of
alum is stopped the adsorption of impurities continues
although, admittedly, with gradually decreasing efficiency.
Nevertheless, it is considered that the degree of clarification
achieved would still be adequate for swimming pool purposes.
It is clear that if alum is to be used in this way as a “ filter­
conditioner ” the period of application should be at the start
of the filter run, i.e. immediately after washing.

The extent to which the precipitated alum floc tends to
redissolve when, after stopping the alum treatment, the
applied water is of a higher pH has been investigated. For
floc deposited at about pH 7 the subsequent pick-up when
water of pH 8 is applied is negligible; “ aged ” floc shows no
great tendency to redissolve.

If the alum dosing is to be thus restricted to a short period,
say of two hours’ duration, after washing, it is essential that
the dose should be adequate for complete precipitation. This
will consequently entail a temporary reduction in pH, possibly
to a figure as low as 7, so that the alkali dose, which in the
process now envisaged follows filtration, will need temporarily
increasing. Thereafter the amount of alkali added will be
only that needed to counteract the acidifying influence of the
chlorine.
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APPENDIX

Method for the Estimation of Free Chlorine in Water

Reagents
(1) Hexametaphosphate-Phosphate Solution.

28 gm. anhydrous Na.H'PO,, A.R.*
88 gm. K1H,IPO4, A.R.'
40 gm. sodium hexametaphosphate, B.DJH.f

Dissolve all in distilled water and make up to 1 litre. Mould
growths may be prevented by the addition of 20 p.p.m.
mercuric chloride;

(2) Neutral Ortho-Tolidine Solution.
Place 1 gm. extra-pure o-tolidine, B.D.H., in a mortar with

5 ml. 20% (by vol.) HC1 and grind to a thin paste.
Dissolve in chlorine-free distilled water and make up to
1 litre.

(3) Standard Ferrous Ammonium Sulphate Solution.
(1 ml. Ill 0.1 mg. Cl)

Dissolve 1.106 gm. A.R. salt in distilled water containing
1 ml. of 25% (by vol.) iHJSO4, and make up to 1 litre.
Use freshly boiled and cooled distilled water.

Procedure
1. Place 2 ml. each of reagents (1) and (2) in a titration flask and

mix.
2. Add 100 ml. of sample and mix.
3. Titrate with standard ferrous solution until the blue colour

is discharged. For 100 ml. sample, 1 ml. Fe solution
=1 p.p.m. Cl.

Notes
(a) The quantities of reagents given above are suitable for con­

centrations of free chlorine up to 3 p.p.m.
(b) The titrations are definite but the later stages must be conducted

slowly allowing approximately 15 seconds between additions
of the standard solution. Instead of performing titrations
the same procedure may be used in colorimeters with per­
manent glass standards.

(c) If the presence of nitrogen trichloride is suspected proceed as
follows :—

1. Extract the NCI, by shaking a portion of the sample
(say, 120 ml.) with l/10th as much A.R. carbon tetra­
chloride.

2. Pour off 100 ml. of the aqueous layer and add to the
titration flask containing reagents (1) and (2).

3. Titrate with standard Fe solution as before. This
reading gives free chlorine. To obtain the nitrogen
trichloride figure subtract this reading from that
obtained by the normal procedure and multiply
by 1.5. '

♦ Analytical Reagent. t British Drug Houses Ltd.
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The President : We are greatly indebted to Dr. Palin
for his excellent paper and before we ask him to answer
'questions several of our colleagues are going to give their
observations based on their personal experience of applying
break point chlorination, after which Dr. Palin will answer
questions.

Mr. H. Francis (Newcastle): Before starting break point
chlorination in the baths at Newcastle upon Tyne, some
enquiries were made as to results obtained in other places,
but it was found that very few baths had gone on to break
point. The replies from the three towns from which
information was received were sufficiently encouraging to
show that it should, at least, have a good trial.

The practice of break point was, however, so contrary
to established use that it was decided to put it to the test
under as difficult conditions as possible. A bath of 50,000
gallons capacity, with a slow turnover of 10 hours, was
selected. The building has a very low ceilipg and the
ventilation is not so good as in many other baths. It was felt
that if there were to be any complaints regarding the
atmosphere following the introduction of break point
chlorination this building would tend to accentuate them,
which, from the experimental point of view would be
advantageous. Furthermore the bath was used for instruction
purposes by the Education Committee classes all day on
week days and by the public at other time. The bath,
therefore, had beginners and experienced swimmers attending
together with an instructor, not employed by the Department,
in addition to the attendants, normally present in the bath
hall all day.

Because of the slow turnover this bath had previously-
given difficulty in maintaining a water of good condition
under marginal chlorination—particularly in summer time
when bathing loads are heavy.

The change over from marginal to break point chlorination
was made at the beginning of the winter season. The water
.was in very good condition and break point was reached
without any difficulty. The change over having been effected,
the result was awaited with interest. Apart from
complimentary remarks made about the improved appearance
and ‘ feel ’ of the water the change over created no comment
at all. No ill effects on the bath hall atmosphere were
observed and the improvements were maintained in the
summer season, i.e., the water maintaining its clarity to a 
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degree not possible in previous summers.
One very noticeable feature of the change to the operatives,

was the ease with which a free chlorine reading was obtained
on Monday mornings after the week-end’s closure. Indeed,
if a little extra attention was given on Saturday night it was
found that on Monday morning a free chlorine reading was
obtainable before starting up the plant and the pool was of a
bright nature, whereas under the previous system it would
have been dull unless arrangements had been made to run
the plant on Sundays.

Tests taken showed remarkably good results, for bacteria
tests, “ all plates sterile ” was common and no adverse
reports were received ; chemically the water was good—free
ammonia being very low indeed, generally only a faint trace.

One very important alteration was made to the plant at
about the same time as the change over was effected. Owing
to the very great heat losses experienced by outside aeration,
as a temporary measure in the first place, but made
permanent later, the aerator was bye passed and no aeration
took place at all. Despite this the results obtained, so far
as clarity, colour and purity were concerned, were good.
Incidentally this has been borne out in three other baths
since, where for similar or other reasons, it has been found
necessary to eliminate aeration, the results have not been
found to have been less effective.

These results, although satisfactory in the main, were not
obtained without some little trouble. One very helpful
feature, and very necessary one too, was that the Manager
and staff were exceedingly interested in the change over
and took a leading part in the proceedings. No change was
made in the chlorinator, the capacity of which was found
to be ample for the job.

Dosing of alum was continued on the normal lines, that
is, continual dosing was the treatment although the feed was
dropped from what had been required under marginal
chlorination. Feeding of soda and maintaining pH value
was difficult. Soda ash was, at that time being used and to
increase the dosage, instead of having the feed by venturi
from and to the filter line a separate feed direct from the
fresh water main was installed. This had the effect of
increasing the rate of soda feed and. little difficulty was
experienced thereafter except with incrustation.

The venturi feed system was not taken out, in case it
was ever found necessary to run overnight when the fresh
water main feed would have continued to add soda to the 
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bath line even if the plant was stopped by time switch or
an electrical fault.

Later Alkasol was used with good results—the pH being
found easier to maintain at the desired figure and later
still a further change was made to bicarbonate of soda.
No incrustations take place with bicarbonate of soda and
the alkalinity tests are easier to maintain at the desired point
of 200 p.p.m.

Although the results from this bath were so satisfactory
no large scale change over was immediately carried out.
Changes were made gradually as occasion arose or as it was
found expedient.

Two baths of modem build, practically similar in design,
capacity and equipment, situated in residential districts, were
found, in the summer season, after heavy and continuous
bathing loads, to have a strong green tint.

The baths have a capacity of 97,000 gallons with a 3 hour
turnover. The number of bathers was frequently 1,000 per
day. and the trouble with colour had been experienced every
year since the baths were opened although the clarity was
good.

At one of these baths an attempt to get on to break point
during normal hours was made by the Manager with results
which we now know can be expected when this is done with
a bath not in good condition.

As a result of this experience and in an effort to improve
the colour it was decided to try to put the bath on break
point over a week end. The chlorinator had a maximum
capacity of J lb. per hour but this was increased by fitting a
new orifice and scale at a cost of less than £2.

In an attempt to forecast what work would be entailed
a test for ammonia was made by using a Nessleriser but
the quantity was so much as to be well outside the range of
the discs, that is to say more than 2 p.p.m. as NH3.

Increased dosage of chlorine was started about 3 p.m. on
Saturday afternoon and the filters were kept working
continuously overnight, all day Sunday and overnight on
Sunday. Tests were made regularly and the ammonia content
was reduced progressively until reaching break point. This
was not achieved until 7 a.m. on Monday morning after
40 hours running during which time 60 lbs. chlorine had
been added to the water. The change was most apparent—
the heavy green colour having been replaced by a light blue
attractive colour.
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During the period when the change over was being made
the atmosphere in the bath was far from good—and it was
very evident that to attempt to make the change over of a
bath with a heavy ammonia content during normal bathing
hours would be followed by numerous and justified
complaints.

On the Sunday, one swimmer, as an experiment, tried the
water but found it far from palatable or comfortable and
made a hurried exit keeping eyes closed the while.

The bath was kept on break point for the rest of the season
without any difficulty apart from that of maintaining a
satisfactory pH value. At the end of the season the bath was
emptied for conversion to a hall and the Manager said he
had never emptied a bath with greater reluctance—his regular
bathers having been very complimentary in their remarks
and the water had never looked better than when on break
point.

The following week end the other bath of the two already
mentioned was treated jn the same way with practically
similar results. The ammonia content was even higher in
this bath, however, and the chlorine consumption was greater.

Other baths were gradually put on to break point and in
one where the bath was filled with fresh water from the
mains, no chlorination was attempted until the filters had
been working for 40 hours. After chlorination was
commenced break point was reached in 3 hours.

No new chlorinators were bought and from practical
experience gained it would seem that it is possible to
maintain break point under good conditions with an applied
dosage of 4 p.p.m. although a higher range of dosage is
much to be preferred on the score of having a margin in hand.

Finally all baths in the City, except two, were on break
point and one of these is handicapped by low mains water
pressure, the other by an inadequate chlorinator, a booster
pump is being fitted to the former plant and a new chlorinator
of greater capacity is being installed at the second bath.

No complaints have been received from any bath except
on a few occasions, at a small bath. Here the bathers have
been quite satisfied but spectators have on these occasions
complained of eye smarting. Although attempts have been
made to trace the cause they have not met with success. It
is suspected that the complaints arose because of nitrogen
trichloride in the air.

The bath is of small capacity with a very low ceiling 
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and is used by school classes during the day time—the
complaints however, have been in the evening when there
has been a sudden influx of public bathers, mainly children.
Apart from this the water and tests have been as normal.
The turnover is good and, indeed, in summer the plant deals
with a larger bath as well as the small bath mentioned. The
complaints have all been during the winter season, during
the summer the two baths have been kept on break point
without complaint.

The position is being watched closely and any developments
if important enough, made known to members in “ Baths
Service.”

Although no special attention was paid to cost at the time
(good results being the aim so long as expenditure was
reasonable), an inspection of the various bath log books, over
as lengthy a period as possible in each case, is interesting.
Comparison of consumption between marginal and break
point chlorination, shows an average increase of 108 per cent.
in the case of chlorine ; 95 per cent, average increase in use of
soda; 22 per cent, decrease in alum while wash water
decreased by 28 per cent.

The figures, as a rule, were very much similar at each
bath but occasionally one bath would soar or decrease very
much indeed in comparison to the others—due to a variety
of reasons, the main one being different bathing loads.

■ The drop in the amounts of filter washing has been a
pleasing feature, particularly in the winter season in baths
where wash water is taken from the pool and not from the
main. In a few instances it has been found that eleven to
twelve weeks have passed between filter washing in winter,
where fortnightly washing took place under marginal
chlorination and in summer in some baths the period between
washing has been doubled or trebled.

Special week end running, considered essential in the
height of summer on marginal chlorination, has been almost
entirely eliminated and running all night during the week
is the exception rather than the rule. When it is necessary
to run the filters after closing time this is done by time
switch and necessitates the installation of solenoid valves
for shutting off the chlorine when the time switch operates.

Attempts at intermittent coagulation—that is adding alum
immediately after the filter wash—have not given all round
satisfaction so far. In some baths it has been found that
reducing the dose but having continuous feeding has given
better results. Others, however, have found intermittent 
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coagulation quite satisfactory and it appears that only by
trial and error can the correct quantities be found in order
to get good results.

One matter which has given all round satisfaction is the
greatly reduced amount of surface dirt when the bath is
skimmed. It is generally agreed that this is attributable
to the results of break point chlorination.

An experience at one bath is worthy of recall. At the
beginning of October it was closed down for the winter
in excellent condition and with free chlorine of 5 p.p.m.
The filter was not run at all during October, November or
December and the water was left static. At irregular intervals
tests for free chlorine were made and chlorine found in the
water right up to Christmas with the water in good order.

The question soon arose as to supervision and working
of break point. Special arrangements were made for the
Managers of the baths concerned to receive an insight into
the work by visiting other baths where break point was in
operation. Classes were also held for selected attendants
to receive instruction in testing methods, etc., and a number
of lectures were given, by various authorities on the subject,
at Study Circle meetings.

Although not difficult to look after, it is considered that
the average bath attendant, without very special coaching,
is not fitted for the work of maintaining break point
chlorination. Certain attendants, with a short course of
instruction, are capable, however, and at most baths it has
been found that sufficient attendants are available to take
charge. Incidentally, it has been found that it required a
good deal of courage on the part of some men who had,
perhaps for many years, had it dinned into them that it was
one of the seven sins to allow the chlorine content of a bath
to exceed .5 p.p.m., suddenly to find they were required to
maintain four times that figure. The importance of keeping
a stable pH value required to be strongly pointed out. Tests
for bi-carbonate alkalinity, dechlorinating samples for pH
tests and tests for free and combined chlorine have been
found to be confusing to many attendants who were
previously capable of operating the plant under marginal
chlorination.

The actual operation of the plant would not be so difficult
to understand by the attendant if he had some fool proof and
preferably automatic, method of making all his tests. He
would then be like a boiler attendant who learns to rely upon
his CO2 recorder or draught gauge.
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To sum up, from a practical point of view, in Newcastle
wc have found break point has many advantages to the Bath
Superintendent and his staff—any disadvantages or difficulties
have been of a minor nature and fairly easily overcome when
tackled. There is still progress to be made in break point
application to swimming baths and any assistance and advice
on this extremely important aspect of our work, from the
technical side, will be warmly welcomed by the Bath
Superintendent, as has all the assistance and advice we have
already received. In this connection I have been perhaps
more fortunate than most, as in addition to the many friends
and helpers we all have in this field of our work, I have
always had the ready advice and assistance of Dr. Palin,
and my thanks arc due to him in a large measure for the
good report I have to make of this comparatively new aspect
of our work.

Mr. A. Sharples (Coventry) : I first seriously interested
myself in “ breakpoint” in 1938 and quite confidently expect
to remain interested until I cease to draw breath. I am
convinced that it is the most intriguing and exasperating
subject under the sun.

I have one pool, 90ft. x 35ft. of 140,000 gallons capacity.
The bath was refilled in March 1949 and at the end of
March 1950 a total of 269,914 bathers had been recorded. I
have been told by many experts that the colour of this
water is considered one of the best in the countiy but, on
the other hand, my attendants and patrons have been quite
as uncomplimentary on the pungent odour.

In 1946, after a lapse of seven years, the above pool was
re-opened ; I immediately took the opportunity of resuming
my experiments in break-point chlorination and within twelve
jnonths the fittings in the bath hall, in particular those of
chromium or copper-bronze finish, were beyond recognition.
The corrosion was appalling and was, I felt sure, due to
the formation of nitrogen trichloride which owing to the
rather poor ventilation was always present in the atmosphere.
These conditions were experienced when I endeavoured to
maintain the free to combined ratio at 4 to 1 under all
conditions of loading and to carry a relatively high free
chlorine residual. The pH was raised by stages from 7.5
to 8.2 with no apparent advantage but with the very patent
disadvantage of an increase in frothing. My dissatisfaction
was intense and I never hesitated to make known mv
opposition to break-point as it was then preached to me.

Tfce next step was to reduce the free chlorine residual to
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[a figure of between 1 and 2 p.p.m. and by avoiding the
destruction of all the combined chlorine as it was produced:—
that is to say to introduce the heavy dose of chlorine at
a time when the effect of that doseage on the nitrogenous
matter would not affect the public, thus confining this
operation to evenings and week-ends. Unfortunately this
theory went awry with the heavy bathing load and I relumed
to my original belief that the secret lay in the simultaneous
combination of the pH corrective chemical and the chlorine
solution.

My preoccupation was the elimination of what a chemist
of nation wide repute dubbed “ the Coventry smell.” One
hindrance, in as far as experimenting is concerned, is the
lack of an appreciable lightening of the bathing load in
Coventry during the winter months. The bath has a
consistent school programme of approximately 400 learners
per day throughout the year, plus the general public and
club members.

To approach from a serious angle, I do think that it is
practically essential to have at one’s disposal a pH meter
to assist in testing not only the bath water but also the
solution injected from the chlorinator. By using a portable
pH meter I no longer find it necessary to de-chlorinate
the samples with sodium thiosulphate as a direct reading
can now be accurately obtained. It is found that the pH of
the chlorine solution entering the main is as low as 2 and the
depression of the pH on the bath water is the foundation of
the unbalanced nature of the water. Equipment recently
installed has produced a chlorine solution with the optimum
figure of 7. I intend to continue experiments along this line
the logical chemical being, in my opinion, sodium bicarbonate
thus anticipating a reduction of CO^.

Now, after all this experience, I am convinced that the
greatest stumbling blocks to the effective working of break­
point chlorination in indoor baths are :—
' (1). The lack of reliable and standardised testing

equipment. I quote, for instance, an incident in mv
own establishment when I tested for chlorine with a
daylight comparator I obtained a reading of 1.4 p.p.m.
free available chlorine but a simultaneous test with
a different type of set resulted in a reading of 2.0
plus p.pjn., a difference of .6 p.p.m. This may appear
to be quibbling but if a truly scientific approach is
to be made the major consideration must be accuracy.
2 plus just will not do and in most sets this is as high
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as the disc can be read.
To obtain a correct reading of the plus sign it is
necessary to take the test one step further and ascertain
the total chlorine content by titration ; in some cases
titration has proved the plus sign to be greater than
the maximum reading of the colour discs,, namely
2 p.p.m.

(2). The heavy expenditure occasioned even after
equipment is installed. Not having been on marginal
chlorination at this bath I am unable to give figures
for the purpose of comparison but the following costs
and quantities are pertinent to superchlorination in
the year 1949/50.
Sulphate of Alumina (16/17% Kibbled)
16 cwts. @ £16 19s. lOd. per ton ... £13 12 0
Liquid Chlorine
57 x 70 lb. cylinders @ £57 3s. 4d. per ton £101 16 7
Sodium Carbonate
3 tons 4 cwts. @ £10 4s. 6d. per ton ... £32 14. .4

Total Cost £148 . 2 11

The advantages of superchlorination are obvious and I
will not dwell overlong on them. I would place them so :—
Freedom from bacteriological contamination, excellent colour,
a reduction in the consumption of electricity on night
running, and a saving of make-up water due to longer filter
runs between filter washing.

In conclusion, I would like to bring forward a point on
which I feel very deeply and that is to ask that more attention
be paid and help extended to the smaller baths establishments.
If a working committee of baths superintendents, chemists,
and specialisr firms could be formed and the information
thus accrued be made available to all interested, irrespective
of whether they are or are not in a position to incur the
present heavy expenditure called for in the practice of
break-point chlorination, a wider field of enthusiasts would
be resultant and prove, I am sure, to be beneficial to the
baths service as a whole.

Mr. J. Allison (Finchley): Circulation and distribution of
treated water has in my opinion such an important bearing
on obtaining the desired results in operating break-point
chlorination that I am giving details of the methods of
operation at our three baths.
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1. Indoor Bath.
Length 75ft., breadth 25ft., capacity 56,000 gallons, 2 inlets

and sparge pipe at shallow end, 1 outlet at deep end, turnover
period 2J hours, chlorinator capable of delivering 1 lb. per
hour after filtration.

During school hours' the bath is devoted entirely to
scholars in parties of 30 each half hour, but during public
bathing, loads of up to 200 per hour are dealt with.

No trouble was encountered in maintaining B.P. conditions
at this bath. It was found beneficial to use alkasol instead
of soda crystals on the shunt feed chemical apparatus.

The average daily consumption of chemicals is as follows :
Chlorine 7 lbs. Alkasol 14 lbs. Sulphate of Alumina 1 lb.

These quantities of course vary according to load, and
I find that the chlorinator requires regulating if even 1 class
of scholars fail to arrive according to time table.

The rapid turnover at this bath makes the operation
of B.P. very easy.

2. Children’s Pool.
Elliptical in shape its major and minor axes being 165ft.

and 80ft. The depth varies from zero to 3ft, capacity 138,000
gallons, turnover period 6 hours, 2 major inlets at the ends
of the major axis, and 4 small ornamental inlets on the
beach side, 1 outlet practically in centre of pool. Two
chlorinators are used on this pool with a total output of
3 lbs. per hour after filtration. Here we had a problem.
It was quite easy to maintain p.H. 7.6. using alkasol in
place of soda crystals on the shunt feed chemical apparatus,
but it was extremely difficult and at times impossible to get
B.P. conditions at the points furthest from the inlets and as
the majority of bathers congregate here it was found necessary
to extend the inlet pipe round the pool and to take off 5
additional inlets. This alteration has now been completed
and I feel sure that there will be a better distribution of
treated water and that B.P. conditions will be maintained,
during the coming season, particularly when the valves at
the inlets are regulated according to tests.
3. Main Pool.

This pool is rectangular in shape measuring 165ft. by 80ft.
capacity 450,000 gallons, 12 inlets—4 on the shallow end and
4 down each side reaching to a point just beyond the halfway
mark. There is 1 outlet. Turnover ppriod 5 hours. Peek
load over 10,000 per day. Chlorinator capable of 8 lbs. per 

108



hour from 5 coupled cylinders.
Early experience proved that it was impossible to maintain

B.P. conditions and retain a satisfactory p.H. using our
previous method of pumping alkali solution so an additional
feed of alkali was added after filtration as a p.H. corrective.
This was not adequate so a soda solution feeder automatically
controlled by the chlorinator was installed. The chlorine and
alkali are both delivered into one pipe and injected before
filtration. This solved the problem and it is found that
130 lbs. of alkali dissolved in a 100 gallon tank is sufficient
for a 12 hour run. Two additional tanks are kept filled
as reserves.

It is found that shock treatment by Sulphate of Alumina,
that is adding about 12 lbs. of this chemical to the strainer
box immediately after upwashing produced a good flow and
the filters soon commenced picking up.

It is also safer to draw the chlorine in quantities from more
than one cylinder. We have five coupled up and this reduces
frosting on the cylinders and valves.

Testing.
Whilst tests are normally made from samples taken under

water level from the shallow and deep ends and also from
'the middle, I prefer to rely on the result of the sample
taken from the pump for chlorine determination and from
the filter for p.H. determination. Care should be taken to
dechlorinate the latter because the very high chlorine content
here rapidly alters the colours of the reagents. The simplest
way of dechlorinating is to dissolve one crystal of Sodium
Theosulphate in 10 m.I. of sample.

The bicarbonate alkalinity test described in the 1949
conference report is easy to perform providing that all air
locks are removed from the tubes.

The results of all-tests are recorded on a specially prepared
log sheet which also is used- for all data connected with the
plant and the running thereof. It is advisable to train a
member of the staff for these duties and to make tests
hourly. On one occasion it took about 4 hours to recover
a drop in p.H. which was caused through a stoppage in the
soda plant of less than an hour’s duration.

A chlorine residual recorder is being installed at our main
pool and a mechanical record will thus be available at all
times.

I also find it advantageous to upwash periodically 
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irrespective of gauge readings and thus adding towns main
make up water which in our case has a high bicarbonate
alkalinity.
Effect of B.P. on Plant.

In accordance with our annual practice the filters have
been emptied, the nozzles removed and a thorough inspection
carried out. With pre-filter chlorination I found the media
to be in better condition than ever before with a minimum
of matting and the nozzles to be practically free from
obstruction. In my opinion B.P. chlorination does not
adversely affect the plant.
Conclusion.

We received quite unsolicited praise from the water polo
players of nineteen countries who played their Olympic
Games Matches here in 1948 and since then contractors
from New Zealand, Chile and Paris have visited the pool
for details etc.

Mr. M. M. Bowie (Glasgow) : It is not necessary for me
to go into the theory of break-point chlorination. This has
been well and truly done by many well-known chemists. I
will, therefore, confine my few remarks to some practical
points which I have observed in the operation of this method
of sterilization.

I believe that in Glasgow we have the worst possible type
of raw water for swimming baths. It is very soft, being
.5 degrees hardness, therefore it has no natural reserve of
alkalinity. It has a low pH value, necessitating a considerable
addition of some form of alkali in addition to the alkali
needed to neutralise the chlorine. In spite of this initial
handicap, I can state that I have experienced no difficulty
whatever in operating break-point chlorination. Neither
should anyone else, once the fundamental chemical reactions
are understood. Due to the soft nature of the Glasgow
water, I had to add sufficient lime to build up a reserve
of alkalinity to prevent a quick drop in pH when the
chlorine dose was increased to cope with a sudden heavy
load of bathers. I soon found that, with this amount of
lime and using the ordinary methods of adding alkali, i.e.,
by shunt feed, force feed or gravity feed, the tendency was
to precipitate the lime and I lost my alkalinity, and, to all
intents and purposes, re-softened the water.

At this point I decided to install a Hydraulic Solution
Feeder directly connected to my Vacuum Type Chlorinator.
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I immediately got better results for this reason, and this is
very important. Without a Hydraulic Solution Feeder the
alkali is injected at some distance from the chlorine injection
point. This tends to create a relatively high concentration
of alkali locally, raising the pH to between 9 and 10, which
in turn resulted in the sodium carbonate acting as a softening
agent causing the precipitation of the lime or calcium
bicarbonate. With the Hydraulic Solution Feeder, however,
the alkali in solution and the chlorine in solution enter a
common pipe before reaching the point of application. There
is not, therefore, a sudden local rise in pH as the alkali is
immediately used to neutralise the hypochlorous acid from
the chlorinator.

The second beneficial point about a Hydraulic Solution
Feeder is that, once you have raised the pH of your natural
water to, say, 7.5 or 7.6, if it is necessary to do so, the amount
of alkali to be added will be in direct relation to the amount
of chlorine it has to neutralise. And, since the apparatus is
directly coupled to the chlorinator, any increase or decrease
in the chlorine dose automatically increases or decreases
the alkali dose.

With a Hydraulic Solution Feeder it is necessary to have
two identical solution tanks of known capacity so that a
constant and known solution can be made up. One is in
use while the other is being prepared. I have been
experimenting with different alkalis, e.g., washing soda, soda
ash and now caustic soda. So far I have had the best results
with the caustic soda—this is made up in a solution of
2 per cent., i.c., 20 lbs. caustic soda to 1,000 lbs. water. It
does not soften the water to the same extent as either
washing soda or soda ash. These are my observations after
a five months’ trial of a Hydraulic Solution Feeder. I intend
having a trial run on sodium bicarbonate at some future date.

Mr. C. H. Dodman (Deptford): This is my personal
experience of operating break-point on three covered and
heated Swimming Baths, my remarks may, or may not, hold
good for other baths.
The Set Up is ;

(a) Three baths of 120,000, 80,000, 60,000 gallons
respectively, the Large and Small baths are coupled in
parallel circulation to one Filtration and Chlorination Plant,
the other bath has its own separate Plant.

(b) Four hour turnover period for each bath.
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(c) Chlorination precedes filtration in each case.
(d) Make up water is obtained from own Deep Well,

the water as pumped contains CO 2, and has a pH of 7.2.
(e) Dressing cubicles are around the pool sides, causing

heavy fouling of the water from Bathers footwear, inadequate
precleansing facilities.

(f) Peak Bathing Loads of from 600 to 800 per day
in each bath.

(g) Mechanical Ventilation is not provided for the Baths
Halls.

Operating under these difficult circumstances, I have formed
the following views on break-point chlorination, which are :—

1. That I prefer break-point to the marginal method
because I no longer need to worry about the results of
bacteriological tests. I know they will be good.

2. The appearance of the water has improved.
3. There has been no necessity to run the plants over­

night, as frequently happened before break-point was
introduced.

4. Less frequent backwashing of the Filters, saving time,
labour, and heat losses. The latter can be considerable in
baths open all the year.
Disadvantages of Break-Point.

1. Our purification costs have increased by 33 J % over
the previous year.

2. Requires a greater degree of skill, time and attention
to operate.

3. Requires a chemically balanced bath of water, this
balance can be lost by: inexperience, failure of Alkali feed.
too long between tests, prolonged heavy bathing loads,
should the balance be lost, complaints of smell, smarting
eyes will most probably be received.

I have found on a few occasions, attendants have suffered
discomfort from a strong chlorinous odour, which irritated
the eyes.

4. Increased corrosive action, affecting ironwork, electrical
fittings and conduits, steel furniture, and canvas curtains.

I would like to mention at this point, the conditions
prevailing on one occasion when the eyes of the attendant
were considerably affected by the strong smelly irritant
arising from the bath.
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Free residual chlorine, (flash test) at 60F, 2.1 p.p.m.
Total combined chlorine, at 60F, 2.3 p.p.m.
Alkalinity 240 p.p.m., pH 7.5 p.p.m.
Turbidity of bath at deep end, 0.075 (Silica Standard).
Clarity of bath, (judged visually), good, colour light blue.
Number of bathers, up to time of tests, 45 only.
Water Temp. 78F, hall temp. 73F, outside air 48F.
Weather, raining, barometric pressure 29.5 inches.
Date, 12th November, 1949.

Note.
Swimmers were entirely unaffected, in fact one regular adult

swimmer volunteered the remark, “ The water was lovely
this morning.”
Action Taken to Overcome Irritant Smells.

As suggested in a paper by Mr. A. J. Mills and Mr. C.
Lea at your last Conference, bi-carbonate of soda was used in
place of soda ash to prevent the formation of CO 2, this
did stop excessive bubbling and foaming which had been
experienced, but smells still occurred.

A reduction of free chlorine from 2.0 to 1.0 p.p.m. was
then tried, with boosting to 3.0 p.p.m. or more after bathing
had ceased for the day, this was not a success, as the ratio
of combined to free chlorine increased, during bathing,
indicating the presence of greater quantities of unoxidated
impurities. Complaints of smell and smarting eyes increased
from both bathers and attendants.

I wish to stress that the pH and alkalinity was maintained
between 7.4 and 7.8, and 240 to 280 p.p.m. at all times.

At this stage it was noted that the third bath, with its
separate plant, was giving no trbuble with regard to smells,
although bathers had on a few occasions complained of
smarting eyes.

On a close comparison of working conditions, it was found
that the only difference was that the bath free from smells
was not receiving aeration, whilst the other two baths were
vigorously aerated.

The obvious line of action was followed, and without
aeration there has been no recurrence of the objectionable and
irritant smells, one other point I feel worthy of mention is,
that whilst the smells were strong, a polished copper handrail
at the inlet end of the baths, would tarnish in a very short
time, now without aeration and the smells, it remains 
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untarnished throughout the day.
Conversely, and to prove this point, at certain times when

conditions have been satisfactory, aeration has been applied,
and within a very short time the smells have returned.

I offer no explanation for this, it is my experience.
WORKING ROUTINE NOW FOLLOWED.
NO AERATION USED AT ANY TIME.
FREE CHLORINE RESIDUAL, 1.5 to 2.0 p.p.m. during

bathing time
ALKALINITY, 240 p.p.m., pH 7.4 to 7.8.
TESTS FOR CHLORINE and pH, every two hours as a

minimum.
TESTS FOR ALKALINITY, three times per week minimum.
TURBIDITY TESTS, every two hours, minimum.
AFTER BATHING, free chlorine is boosted to 3.0 p.p.m.

or more.
BACKWASHING OF FILTERS. Carried out as soon as

possible after the normal differential pressure has increased
by 5 lbs. per square inch.

Conclusion.
I have found, that providing the chemical balance of the

water is maintained within the range just mentioned, free
chlorine residuals of 3.0 to 4.0 p.p.m. can be carried in the
baths, without the slightest effect on bathers or attendants^
and at the same time, there is a noticeable freshness in the
atmosphere of the bath hall.

On the other hand, it has also been noticed that should
the clarity, turbidity of the water deteriorate, owing to a
heavy bathing load, beyond the capacity of our four hours
turnover plants, then odours and some degree of discomfort
to bathers may occur, and will be more severe the higher
the chlorine residual, it is for this, amongst other reasons,
that we operate between 1.5 and 2.0 p.p.m.

I believe it to be more essential with break-point, than
it was with marginal chlorination, that the filtration plant
should have a quick turnover period, and be easily capable
of maintaining the clarity of the bath under all conditions.
of bathing, in order to remove the organic impurities speedily,
thus preventing excessive oxidation taking place in the bath,
causing a rapid rise in the combined chlorine residual, which
leads to trouble.

We have also found that it is not wise to allow too great
an accumulation of these same impurities on the filter beds 
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before backwashing, as on one or two occasions a high
combined chlorine residual has been traced to this source,
and I believe this together with aeration to be the answer to
the trouble mentioned as occurring on the 12th November last.

It is I think, more important when operating break-point,
that each bath should have separate filtration and chlorination
plant.

Finally, and in order to leave no room for doubt, I am
still an enthusiastic supporter of break-point for swimming
baths, the snags and difficulties are being overcome, the safety
of swimmers from infection is assured, and even if there are
still a few occasions when owing to the inability of our
present filtration plants to cope with prolonged heavy bathing
loads, some chlorinous smells develop, they are at least
clearly recognisable by the public as of a disinfectant nature,
suggesting safety, and are preferable to the characteristic
odours of swimming baths, of the days prior to filtration and
chlorination being adopted, when the day of the week could
be told by the smell.

Mr. B. Isherwood (Shipley) : I wish to deal with this
subject under the following headings,

1. Changeover to break-point conditions.
2. Improvement in water standards (Chemical and

Bacterial).
3. Maintenance of break-point chlorination.
4. Complaints.
5. Summary.

Changeover to Break-Point Conditions.
As one of the pioneers of break-point chlorination in

connection with swimming bath water, it was only natural
that at the beginning, great difficulty was experienced in
maintaining these conditions owing to the experiments being
of the trial and error variety. The greatest error made
in those early days was the addition of abnormal amounts of
Chlorine, which, of course, had to be compensated by extra
dosages of alkali, not to mention the part played by
Alumina ferric. However, the advice offered to anyone
contemplating a changeover is,

(a) A complete change of pebble underbeds and sand
if possible, or failing this, washing and re-grading of
the present filter media.

(b) Each bath problem must be tackled individually on
its own merit, having regard to chemical analysis.
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(c) Rigid control of pH plus accurate and regular testing
for free and combined available chlorine.

If the foregoing items are attended to, there is no reason
why the changeover should not bring a wonderful pitch of
perfection attainable by suitably controlled chlorination.

Improvements in Water Standards (Chemical and Bacterial).
Although I do not advocate break-point conditions as the

Utopia ” of sterilization, it is w^y ahead of any other
method and a definite, progressive step in the right direction.
The following results may be detailed under this heading.

(a) Far quicker results obtainable both chemically and
in bacteriology, ensuring infection risks being kept
to an irreducible minimum.

(b) The water recovers more rapidly even after the
heaviest of bathing loads, whilst the appearance and
colour are greatly enhanced, tastes and odours are
eliminated.

(c) Algous growths are largely checked, although this
may be partly due to the necessary higher pH value.

Maintenance of Break-Point Chlorination.
When the changeover has been established and working

with proper equipment for chemical dosages, no difficulty
should be entailed in maintaining break-point conditions.
The only disadvantage may arise from human fault in
controlling the apparatus, which of course, involves the
staff, and the best procedure is to nominate an intelligent
charge-hand to give personal attention to the tests, working
where possible under the supervision of the Superintendent,
at least once per day. In my opinion, the ordinary bath
attendant is not competent to make tests with the necessary
accuracy for the proper control of these conditions. The free
available ohlorine content should be kept at 1 to 2 p.p.m.
in excess of the combined available chlorine as far as possible
this depends on bathing load and also on summer and winter
openings. Speaking personally, the system adopted years
ago of correcting the standard of purity after closing time
has been very effective, and the feeling of having a sterile
bath at all times when open to the public is one of complete
satisfaction, a state I did not have when operating on
marginal lines.

Complaints.
Naturally, at first, we had complaints which were entirely 
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due to faulty tests, these led to inaccurate alkalinity readings
but after we found that the rigid control of pH was absolutely
necessary, eye complaints dropped to nil. Other complaints,
although very few, were with regard to bathing apparel and
the bleaching effect of chlorine. These complaints interested
me and I found that the rucked cotton costumes favoured by
females did deteriorate in colour, whilst the woollen costumes,
however poorly dyed, stood the bleaching test far better.
Other Superintendents report that their staff and patrons
complain of the atmosphere, which is the result either of
excess or in other words, wastage of chlorine; why chlorinate
to 5 or 10 p.p.m. when perfection can be attained by 1 or 2
p.p.m. free available chlorine ? or when the pH is allowed
to become acid, nitrogen trichloride is formed and liberated
to the air, of course, this condition needs correction through
establishing alkalinity. These last two points are responsible
for some of my colleagues asserting that break-point
conditions has had an adverse effect on fittings etc., but I
am confident that properly controlled chlorination will
eliminate this effect also.

Summary.
The advantages of break-point over marginal chlorination

are as follows :—
Break-Point.
l.Far superior and quicker

sterilization results, infec­
tion risks reduced to
minimum.

2. It oxidises impurities
which produce tastes and
smells.

3. Free available chlorine
cannot be aerated from
the water.

4. Filter media is sweet and
clean after 3/4 years and
washing etc. can be post­
poned for a further like
period.

5. Saving in chemicals,
except chlorine, wash­
water and power in
reducing load on filter
plant.

Marginal.
Will give sterilization, but
time factor far too slow.

Unpleasant tastes etc. pro­
duced by chlorinous deriva­
tives.
Combined available chlorine
can be aerated from the
water.
Filter media requires wash­
ing etc., in approximately
3/4 years.

Chemicals ex. chlorine,
washwater, and power costs
are heavier.
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In conclusion some Superintendents are very critical with
regard to heavier costs in maintaining break-point conditions,
to my mind, this is negligible when over-all results are taken
into consideration.

Mr. J. F. Duscherer (Tipton) : Having accepted the
responsibility of giving you my practical experiences with
relation to break-point chlorination I feel it might possibly
have been to my credit had I remembered some advice given
me when I was in my youth. “ Think twice and speak
once.” However, having volunteered to give this talk,
I trust you will accept my remarks with the memory that
one volunteer is worth a dozen pressed men.

In 1945, I came to the conclusion that the chlorinator
which had been operating in my establishment for 13 years
either needed a thorough overhaul or should be scrapped.
Having obtained the necessary information with regard
to initial costs and the operational advantages of equipment
capable of extending normal chlorine application to break­
point, my Council decided to install the new equipment for
the 1946 swimming season. Naturally one usually expects
to run into a number of snags when operating something new,
but I must say here and now how very pleased and satisfied
I have been to have recommended my Council to purchase
the new equipment

For the first few weeks I did not venture to rush in on
break-point and treated the matter with considerable caution.
However, I gradually became more confident and found from
a series of tests I was able to carry a chlorine residual
considerably higher than I had ever attempted previously and
without having any complaints from either swimmers,
instructors or spectators, at the same time retaining a bath
water with a much livelier and attractive appearance.

Up to this time I had only entered on the fringe of break­
point, but in 1947 I felt I had gained sufficient experience
to plunge in the deep-end and what a plunge. I am still
waiting to come to the surface. My first and greatest
difficulty has been to raise and maintain the pH of the bath
water to the necessary level in order to prevent inconvenience
to bathers, spectators and any person working in the baths.

I can well imagine that some districts will have little
difficulty in this but where one has a water supply with a
relatively low pH, the maintenance of pH is No. 1 headache.
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The practical difficulty commences when you come up against
what I would term a bath overload, particularly if you have
a relatively small bathing surface area. In my particular
case 47 per cent, only is available for non-swimmers and
when one has a period where the temperatures are in the
80’s, that is the time when everyone suddenly decides to
come to the baths, and unfortunately most of those patrons
are just bathers.

In this country we usually find a period of hot weather
comes upon us without any warning, consequently your
bathing loads suddenly rise with phenomenal speed. This
is where I personally feel there should be some form of
control such as we have with a heating calorifier, where you
are able to set your maximum heat to a certain point, in
accordance with the outside atmosphere or what you
consider is necessary for the prevailing conditions. I am fully
appreciative of the difficulties likely to be encountered but
as 1 am only a Bath Superintendent giving my personal
experiences, it is my intention to leave all technical matters
to the people whose business it is to study these things.

Having been given a time limit for this talk, I find I have
overstepped the period allotted and I trust you will excuse
me from answering any questions as I consider the reader
of the Technical paper will need all the time available for
this purpose.

Mr. G. L. Wainwright (Walsall): After two years
experience jn the working of break-point chlorination (here,
may I say, that the word break-point is very misleading and
I would much prefer superchlorination), I will try and give
my impression of the results.

From conversations with bathers during the last two years,
the impression I have gained is that bathers would rather
bathe in the water using superchlorination. The general
impression is that the water always appears brighter, cleaner
and therefore more inviting. Few complaints have been
received regarding eyes. Actually, in this respect, a larger
number of complaints were received before superchlorination.
During peak periods the water is kept bacteriologically
cleaner and during the two years that superchlorination
has been used here, I have never had an adverse test from the
County Analyst.

The water tests for the County Analyst are taken on an 
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average twice weekly by a member of the Staff of the Public
Works Dept., and every effort is made to take samples during
the peak periods. At previous conferences questions were
asked if complaints had been received from members of the
staff and spectators, regarding chlorine gas fumes in the bath
hall. My experience is that as long as the chlorine content
does not exceed 1.5 p.p.m. and the pH value is kept at
approximately 7.8 and the bicarbonate alkalinity of 200
p.p.m. is maintained, no fumes are noticeable in the bath
hall. Here, I must point out that it is absolutely necessary
to carry out the water tests in chlorine content, pH value and
bicarbonate alkalinity with regularity and it will be found
advisable to carry out such tests oftener than before.

During the past two years a careful watch has been kept
for deterioration of any description, both in the bath hall,
the filter house and the filter plant itself. Regarding the bath
hall, this building is now over 50 years old. There is
considerable corrosion to metal surfaces but no acceleration
of this corrosion appears to have taken part since the
introduction of superchlorination. The exterior of the filter
plant has suffered no ill effects and as one of the swimming
baths is used as a brine swimming bath, the interior of the
pumps and filter are subject to a six month inspection and
here again, there appears to be no deterious effects.

So now I come to the main item of superchlorination, that
is the cost of same compared with the ordinary methods.
Here, at once, I should say that the cost of materials show
a big increase mainly in liquid chlorine and soda ash. As
a comparison, I give below the following table of purchases :

Sulphate of
Year Liquid Chlorine Soda Ash Alumina
1946-47  16 x 70 lbs. cylinders J ton | ton

£17 13 4d. £3 0 0 £8 0 0
1947-48  12 x 70 lbs. cylinders Nil | ton

£15 10 Od. £5 16 0
Superchlorination introduced to first class swimming bath.
1948-49  28 x 70 lbs. cylinders 1 ton 1 ton

£39 4 6d. £10 10 2 £12 4 4
Superchlorination introduced to both swimming baths.
1949-50  36 x 70 lbs. cylinders 1| tons 1 ton
(9 months) £50 15 7d. £26 15 6 £12 4 4

Taking these figures it will be seen that the cost of materials 
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used in the first two years was a total of £49 19s. 4d. and
during the two years when superchlorination has been
introduced the figure is £151 14s. 5d.; an increase of
£101 15s. Id.

The year 1949-50 was a remarkable one for the
unprecedented period of hot weather which was responsible
for a big increase in bathing load and therefore an increase
in the quantity of chemicals used. Even taking all these
matters into consideration, 1 may say that anyone thinking
of introducing superchlorination can think in terms of over
100 per cent, in running costs.

What I have given you is my experience in one
establishment, but in another there is quite a different tale to
tell. In this case I found it impossible to use
supcrchlorination. If the chlorine content got up to .75 p.p.m.
the whole atmosphere became pervaded with chlorine fumes
and the water became a nasty green colour and not the
least bit inviting. Complaints were received from bathers
and the eye bath was continually in use and the pH value
dropped round about 7.0. Unfortunately when this
experiment was being carried out I had no method of
testing the bicarbonate alkalinity.

The two waters are from entirely different supplies, the
first being a deep well water, the second purely a surface
supply.

As a matter of interest to Superintendents using sea water,
I must say that I commenced using superchlorination at
Weston-super-Mare through two simultaneous accidents. The
first was the breaking of the glass end of the orifice on the
chlorinator, the other being the attendant having the
misfortune to fall into the water whilst carrying a hundred­
weight of soda ash. When arriving at the baths on the
Monday morning I was confronted by the clearest blue tinted
water I have ever seen. It was some weeks before I found
the broken orifice but by adding extra soda ash I was able
to maintain the good condition of the water yet at the same
time failing to understand why there were no complaints from
the bathers owing to the high chlorine content.

In this short address, I have given you actual experience
and facts and from this I have formed the opinion that while
superchlorination is workable with one water, it is entirely
unsatisfactory with another.

Mr. R. P. Powrie (Kensington): In giving this brief 
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outline of the introduction of break-point chlorination at
Kensington, I would like to state that it was in our 2nd class
pools, where the bathing load is mostly children, that difficulty
was experienced in keeping a bright clear water.

The establishment contains 4 swimming pools, 2—1st class
and 2-2nd class, all indoor. Up till 1946 marginal
chlorination was in use with satisfactory results
bacteriologically. In the 1st class pools it has always been
possible to maintain a water of high standard, principally
I think, because the type of bather was adult, and the loading
evenly distributed throughout the opening hours.

In marked contrast, however, the 2nd class pools are small,
■each 45,000 gallons as against the 180.000 gallons of the 1st
class, and consequently the amount of water per bather
is very much less.

With these facts in mind, it will be easy to appreciate the
conditions which were obtained in the smaller pools after
heavy use had been made of them on any summer day.
The chlorine dose was set at an average rate of 2 p.p.m.,
which resulted in a residual of between .25 to .5 p.p.m. al
the deep ends of the pools, and at the end of the swimming
day the water was cloudy and uninviting. Halfway through
the season the pools took on a green colour and analysis
showed a steady increase in free ammonia content.

Regularly renewing a portion of the pool water did not
correct this increase in ammonia, and the purification plant
would be run at night in an attempt to clear the pools for
use the following day. This was a condition of deterioration
followed by correction.

In all radical changes from long established practices
there are bound to be doubts, especially where sweeping
changes are suggested with very slight or no evidence in
their favour, and it was with these feelings that we approached
break-point chlorination.

Break-point was introduced at Kensington baths in
September 1946 with very little of the swimming season
remaining. The dose of chlorine was increased from 2 p.p.m.
rate to 10 p.p.m. rate, and this treatment was continued
throughout the night. By the following morning the
improvement in the appearance of the swim water was
astonishing, it being clear and sparkling. The green colour
had vanished, and in its place the water looked faintly blue.
The free chlorine had risen to 10 p.p.m. and the free 
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ammonia had fallen to practically nil. During the night
careful attention had been paid to alkali dosing to keep
the pH of the water around 7.4.

Naturally I was perturbed at this high chlorine residual.
breakpoint then being in its infancy, and hesitated to allow
bathing the following day. I found, however, on swimming
in the water, there was nothing unusual, despite this high
residual. Normal bathing was allowed and the only
comments from bathers were as to the fine condition of the
water.

The chlorine residual was allowed to fall to between 1
p.p.m. and 1.5 p.p.m. free available chlorine at the outlet
ends of' the pools, and I have maintained residuals of this
order since 1946, with a good water at all times.

The amount of chlorine consumed to maintain break-point
conditions is increased 24 to 3 times as much as with
marginal chlorination, but as compensation I no longer find
it necessary continuously to dose with coagulant, using only
a fraction of the amount previously used. The method now
adopted is to put this charge of coagulant in the suction
strainer box immediately following a filter backwash.

Break-point, together with a change of position of the
chlorine solution injection point from after filtration to
pre-filtration, has lengthened the filter runs.

Break-point chlorination, had, in a remarkably short
time, brought the condition of the water up to a high
standard, and provided the residual now carried remains
as free chlorine, and beyond the break-point, this high
standard is maintained.

It is found that a stricter control of the chlorine residual
is advisable, it being very difficult to anticipate bathing
load, as residuals can mount in a surprisingly short time,
resulting in a chlorine charge that is not required.

To give this control, and also to give the trend of the
residual i.e., whether it is rising or falling, Kensington has
fitted an automatic chlorine residual recorder. This instrument
measures the chlorine electrically and continuously records
it in ink on a chart. The water tested is drawn from the
outlet of the pool and this method of determination is not
subject to the errors which are common with ortho-tolidine.
The installation also embraces an alarm system, whereby
attention is drawn should the chlorine residual rise above 
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or fall below a predetermined setting. Early indications
point to the fact that with this stricter control the consumption
of chlorine will be reduced.

In conclusion I would like to express the opinion that
break-point chlorination is a definite advance in swimming
pool water conditioning.

Mr. R. W. Aitken (Candy Filter Co., Ltd.) : The
accumulation of urea and other bye-products of urine and
sweat in a swimming pool cannot be regarded as satisfactory.
As shown by the author chlorine is relatively inert when in
contact with urea and is useless as a means of controlling
this impurity directly. It can, however, oxidize the ammonia
formed by the decomposition of urea.

This decomposition is slow in the absence of a catalyst
or enzyme which would be made available if biochemical
processes were permitted to function. These cannot however
be effective in the presence of a sterilizing agent such as
chlorine.

Does the author consider that dechlorination of the water
before filtration, which would allow the biochemical agents
to develop in the filter, with subsequent oxidation of the
resulting ammonia with chlorine, offers a possible solution
of the problem ?

Dr. Palin : Some process along the lines suggested could
be developed, no doubt, for the rapid conversion of urea
to ammonia but the resultant oxidation of ammonia so
obtained, especially if the amounts were high and fluctuating,
would not be entirely free from difficulty especially as regards
controlling the chlorine dose.

Mr. A. H. Waddington (Paterson Engineering Co., Ltd.) :
A large number of Dr. Palin’s experiments have been carried
out using distilled water, but in actual bath water the use
of the Neutral Orthotolidine reagent (Palin method) does
not always give a true blue colour. In some cases a very
definite greenish tint is obtained and in the determination.
of total chlorine a brownish purple tint, and I would like to
ask if Dr. Palin has any information as to the substances
other than oxidised manganese likely to interfere with the
use of the test for bath water control purposes.
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Dr. Palin : So far as I know there is no substance other
than oxidised manganese likely to interfere with the method.
The modified procedure, of which that part relating to the
determination of free chlorine appears in the appendix, should
give adequate control over colour formation.

Mr. Waddington : What pH value would the Author
consider a safe one to ensure that nitrogen trichloride
did not persist in the presence of excess chlorine ?

Dr. Palin : It is not possible to specify any particular pH
above which NC13 will not form as its formation is also
dependent upon several other factors. Maintenance of a
reasonably high pH definitely reduces the risk of NC13
formation, and given normal residual free chlorine
concentrations, pH values within the region of 8 would be
regarded as satisfactory from this point of view.

Mr. Waddington : What significance, if any, does the
Author attach to the relationship between ammoniacal
nitrogen and albuminoid nitrogen in a swimming bath ?

Dr. Palin : Whilst it is difficult in a short space to enter
into these controversial matters my first reactions are to
regard this relationship as being of little significance if the
bath water is of good appearance, pleasant to swim in and
if no difficulty is experienced in maintaining a reserve of free
chlorine quite adequate to deal rapidly with any bacteria.
The whole question of the interpretation of chemical analyses
of swimming bath water could well form the subject of
a paper in itself.

It has been reported that free residual chlorination has
led to increased albuminoid figures. Possibly the increased
chlorination so modifies the nitrogenous organic matter as
to enable a greater fraction of it to respond to the albuminoid
ammonia test and if this were so it need not then necessarily
indicate an increase in the total nitrogenous organic content.

Mr. Waddington: Has the Author any direct or indirect
experience of soluble aluminium salts in swimming bath
water causing eye irritation, because in over 25 years
experience with baths of all types and sizes, there has only 
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been one instance when eye irritation might have been due
to soluble aluminium salts, and that was in a small bath
which was very carelessly run and the waler had a pH value
of less than 5.0.

Dr. Palin : No case has occurred in my experience of
irritation by residual alum salts in swimming bath water.
It is stated in “ Examination of Waters and Water Supplies ”
(Thresh, Beale and Suckling. 6th Edn. p.714) that “irritation
may be caused by soluble aluminium salts ” and my only
reason for mentioning it was to point out that whether
residual aluminium compounds have been a source of
irritation or not—and I share Mr. Waddington's doubts
on that point—they could hardly be responsible for any
irritation experienced in the atmosphere.

Mr. Waddington : Has the Author conducted any
experiments as to the effect of aeration on a break-point
chlorinated water, because it would appear that some loss
in the desirably active chlorine compounds would take place
at the same time as the loss of nitrogen trichloride.

Dr. Palin : No experiments have been made by the
Author. There may be some loss of the more volatile
chloramines, to which it is assumed the question refers as
they are active bactericidally, but if the accepted aim of the
new chlorine process is to destroy them anyway in order
to permit the maintenance of free chlorine residuals it would
be illogical to regard their loss by aeration as disad­
vantageous.

Mr. Waddington: Has the Author’s work given any
indication as to the minimum or maximum concentration of
nitrogen trichloride in a bath water likely to cause discomfort
to the bathers ?

Dr. Palin : I have been able to detect by smell the
presence of about 0.1 p.p.m. NC13 in a sample of water
contained in a bottle. It is likely that more importance
attaches to the concentrations in the atmosphere required to
cause discomfort and on that point I have no information.

Mr. Waddington : In view of the Author’s statement on
Page 91 regarding organic matter would he not consider 
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that the oxygen consumed from acid permanganate test
taken after, say, 5 minutes and after 3 or 4 hours, would
give useful information and enable a closer control of
the applied chlorine to be obtained.

Dr. Palin : I would hesitate to suggest the addition of
the O.A. test to those already carried out by the operator.
Determination of residual chlorine is itself a form of oxygen
absorbed test using chlorine instead of permanganate and the
results are more easily interpreted in terms of treatment
control.

Mr. Waddington : Has the Author any comments on the
percentage relationship between combined residual chlorine
and total residual chlorine in the so-called break-point
treatment of swimming baths, since it would be possible to
obtain a residual free chlorine content in one case amounting
to 20 per cent, of the total residual chlorine and in another
case the same value for free residual chlorine amounting
to 80 per cent, of the total residual chlorine.

Dr. Palin : It is considered more desirable to aim at
maintaining a given amount of free chlorine in the water
rather than to attempt to produce some predetermined ratio
of free to combined chlorine. The combined chlorine figure
appears to depend, in any case, on the method of testing used.

Mr. Waddington : Does not the Author agree that in
his discussion on Coagulation and Filtration on Pages 95
and 96 it is possible even at pH’s between 7.5 and 8.0 to
obtain adequate and complete reaction of the bath water
with aluminium sulphate or other aluminium compound, in
view of the fact that the temperature of a very large number
of swimming baths is much higher than usually obtains in
waterworks practice generally, because for instance, in India
there are many waters having pH values between 7.8 and 8.3
which are being treated with aluminium salts in doses of from
0.5 to 1.2 grains per gallon, and yet showing no residual alum
after filtration. In some cases the ratings of the filter
approach those usually obtaining in swimming bath practice.
Would it not be better in the intermittent treatment of bath
water with alum salts to apply such salts over a period of
one turnover since only with a very extreme dose of
aluminium sulphate would the pH value of the treated water 
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be depressed to as low as pH 7.0 and then only in the case
of baths filled with soft moorland waters. Furthermore it
is generally only with this type of water that the addition
of further alkali is likely to bring about re-solution of
precipitated aluminium compounds and absorbed colour
•complexes.

Dr. Palin : It was not intended to suggest that coagulation
•could not be obtained at pH values between 7.5 and 8 but
to point out that as a general rule waters of somewhat lower
pH could be coagulated more readily, that is to say with
lower doses of alum. There should be no question in
intermittent treatment of allowing the period of application
to govern the rate of alum application or of using an extreme
dose ; it is simply a question of using that dose and that
period of application which experience shows to be adequate
for satisfactory coagulation and filtration. Regarding filtration
generally I understand that good results have been obtained
■with diatomaceous earth filters of the “ Stellar ” type which
dispense with the use of alum as a coagulant and appear
to have many advantages especially when used in conjunction
with free residual chlorination.

Mr. Waddington : Does the Author not consider that the
time has now arrived when the National Association of Bath
Superintendents might usefully form a panel of their members
covering those in charge of open-air, indoor, fresh and sea
water installations, to carry out carefully controlled
coagulation and chlorination treatment which results could
be discussed by a Research Panel consisting of the
Superintendents concerned together with certain selected
Chemical and Bacteriological experts.

Dr. Palin : I am entirely in agreement and considerable
progress would undoubtedly be made if research were
co-ordinated in this way.

Mr. Waddington : In view of the fact that for the last
3 years conferences have been held at seaside resorts, can
the Author indicate any special precautions or difficulties
in the application of break-point chlorination to sea water
because of the very marked differences in the composition
of salt and fresh water.
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Dr. Palin : Despite the marked differences between fresh
and salt water I understand that several sea water baths
are now being treated satisfactorily by free residual
chlorination. There have, so far as I know, been no
published reports regarding any special precautions or
difficulties.

Mr. W. H. Humphrey (Wallace & Tiernan, Ltd.) : Is it
not true that a chlorine solution corrected to, say, pH 7.8,
before being admitted to the circulating bath water main,
will not form nitrogen trichloride in the bath itself ?

Dr. Palin : It is not known to what extent the temporary
reduction of pH, which occurs locally at the point of
application of chlorine before mixing is complete, favours
the formation of undesirable compounds but automatic
correction of chlorine solution pH would appear to have
obvious advantages from the point of view of control. It
must, however, be pointed out that the experimental results
obtained by Holwerda, who used a stabilised hypochlorite of
pH much above 7.8, indicates that the formation of NC13 in
neutral waters will not necessarily be prevented.

Mr. G. C. Cooper (Morecambe and Heysham): Can the
Author say whether results of break-point chlorination on
sea waters has proved as beneficial and satisfactory in
sterilization as in fresh water, and if it carries the same
recommendation ?

Dr. Palin : See reply to Mr. Waddington. The
treatment carries the same recommendation so far as the
increased bactericidal activity of free chlorine is concerned.

Mr. B. Isherwood (Shipley): (a) Page 87. “The
impurities in the Swimming Bath ”—The paragraph preceding
this heading and the last paragraph under the heading, re
“ build up ” of ammonia. The Author does not differentiate
between free and albuminoid ammonia, but I have found
that under marginal chlorination, a “ build up ” of these
figures together with Oxygen Absorbed is a definite sign of
pollution, whereas under break-point conditions the free
ammonia figure may drop almost to nothing whilst
the albuminoid content shows an increase, these figures tend 
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to move rapidly with an increase or decrease of “ free
available chlorine.”

Does the Author agree that under break-point conditions
the albuminoid content is taken into solution through the
filter media, broken down to undergo gradual oxidation in
the bath, and if so, before a change-over is adopted, then
at least the filter media should be washed and regraded, or
if possible changed altogether ?

(b) Page 91. 2nd and last paragraphs.—The Author
would be rendering a great service to Bath Superintendents
generally in giving us guidance with regard to chemical
analyses, as I am definitely under the impression that they
need an entirely new interpretation under break-point
conditions, this statement arises because the “ build up ” of
organic matter is only of importance as to the degree it
affects the bacteriological examination, which, after all, is
the chief criterion.

Dr. Palin : (a) See reply to Mr. Waddington.
Any analyst who attempted, in the face of improved
bacterial quality and physical condition, to condemn a
bath water or its treatment because of an increased
albuminoid ammonia figure would, in my view, be on very
unsure ground.

In cases where free residual chlorination has been
satisfactorily applied changing the filter media has not been
necessary.

(b) As mentioned earlier, interpretation of analyses
requires a paper to itself, but it may be of interest to
note here that American standards for drinking water contain
no reference to ammoniacal nitrogen, albuminoid nitrogen or
oxygen absorbed value, the sanitary quality being judged
on bacteriological results.

Mr. J. G. Hawksby (Stockton-on-Tees): In a paper read
to the South African Health Conference in 1948-49, it was
stated that break-point chlorination has been proved as a
satisfactory Germicide against the Polio Virus.

Can the reader of the Paper give this conference any
confirmation of this statement.

(I found this information in copy of the Journal of the
Royal Sanitary Inst. May 1949).
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Dr. Palin : There
which confirm the
chloramine residuals
poliomyelitis.

have, I believe, been several reports
superiority of free chlorine over
in the destruction of the virus of

Mr. A. C. Webster (York) : (a) What is “ Break-Point
Chlorination. ” ?

(b) Could Dr. Palin explain Chlorine Dioxide ?

Dr. Palin : (a) Break-point chlorination is a process of
which the aim is to produce free chlorine residuals in the
water.

(b) Chlorine dioxide treatment was developed in
America primarily for taste and odour control in water
supplies. It is also effective as a bactericide and virucide in
waters of low organic content. The treatment, which at
present would be rather costly, involves the addition of a
sodium chloride solution to the feed from a chlorinator
the ensuing reactions resulting in the formation of the
dioxide together with an excess of chlorine. Two important
features distinguishing it from chlorine are

(a) it is inert towards ammonia
(b) its bactericidal power increases with increasing pH

(For further information see “ Chlorine Dioxide in Water
Treatment,” Palin. Jour. Inst. Wat. Engs. 1948, 2, 61).

Mr. H. J. Walker, (Darwen): When one hears of a bath
of 56,000 gallons capacity assuming a bathing load of 200,
—and I’ve known of cases in excess of this figure—does
Dr. Palin consider that sight is sometimes lost of a
practicable bathing load ratio per bath capacity, and if so,
what is the writer’s own estimate of a practicable bathing
load per 1,000 gallons capacity? Surely this must have a
bearing on the success or otherwise in all systems of
chlorination.

Dr. Palin : With experience in the handling of a given
bath and having a given period of turnover the Superintendent
would seem to be in the best position to determine the
practicable bathing load for that bath. If the treatment
process is overloaded trouble can be expected.
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Mr. H. Croxton (Halifax) : In view of the comments by
speakers on the detrimental effect on break-point by the use
of aeration, can Dr. Palin tell us why this should be so ?

Dr. Palin : If aeration resulted in increased liberation of
NCI3 to the atmosphere inside the building then the reports
that its omission reduced the discomfort to bathers can
be understood.

Mr. I. Learmonth (Helensburgh) : Dr. Palin makes no
mention of the effect of water temperature upon break-point
treatment and testing.

Is it therefore to be assumed that in a heated sea-water
pond under break-point conditions, no variation of sensi­
tivity of break-point control and test should be experienced
between the temperatures 65 °F. and 75“F.?

Dr. Palin : My experiments suggest that a moderate
increase in temperature has no marked effect on the results
of the break-point reactions although some increase in their
rate is to be expected.

It is mentioned in the paper that, with increasing
temperature, differentiation between free chlorine and
combined chlorine in the o.tolidine test becomes less precise.

Mr. D. B. McGregor (Falkirk): Would the Author agree
that most troubles arising from break-point operation are due
to non-control of the bathing-load to the capacity of the
pool ?

Dr. Palin : See reply to Mr. Walker.

Mr. T. D. Anderson (Burnley): When comparing the
Chemical Analyses from the three baths in Burnley it is
observed that, since the introduction of break-point
chlorination, the figures for albuminoid ammonia and
oxygen absorbed show a considerable increase and are now
approximately 9 to 10 times higher than when the .Chloramine
process was used.

Can Dr. Palin explain why this should be so and would
he suggest any limit for these figures ?

Dr. Palin : See reply to Mr. Waddington and to
Mr. Isherwood.
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Mr. W. B. Dinn (Leyton) : (a) Can Dr. Palin please
inform us why SODIUM salts have been almost exclusively
used to re-create free and reserve alkalinity in swimming bath
water instead of calcium salts ? The question is asked
because natural fresh waters predominantly contain calcium,
but not sodium salts.

(b) Is it possible to visualise at some future time a
substitution of calcium bircarbonate, or calcium oxide or
hydrate, in place of sodium bicarbonate, and would
advantages accrue therefrom ?

Dr. Palin : (a) I imagine that such factors as costs,
availability and ease of handling have determined the type
of compounds used for increasing alkalinity.

(b) The mere substitution of calcium for sodium salts,
other things being equal, would not in my opinion serve any
useful purpose.

Mr. J. P. Smith (Epsom and Ewell): Is it suggested that
it is cheaper to operate break-point with a hard water supply
than it is with a soft water supply ?

Dr. Palin : Any differences that exist in the costs of
operating baths with hard water and those with soft water
are not likely to be increased by the adoption of break-point
chlorination.

Mr. N. Tams (Stoke Newington): On occasions I
have detected the presence of an invisible irritant above
water level in the shallow end. The free chlorine, after
testing on these occasions, has shown about 1 p.p.m,

A remedy was found by increasing the chlorine dosage
momentarily.

Could Dr. Palin explain the phenomenon ?

Dr. Palin : The invisible irritant vapour is probably
NC13 but its apparent removal by increased chlorination
must, I am afraid, remain unexplained. Experimental
results so far have suggested that under conditions suitable
for NCI3 production increased chlorination favours its
formation.
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Mr. P. Hargraves (Rochdale) : In view of the divergent
views and experience of some of the speakers on this subject,
does the speaker. Dr. Palin, not agree that the Ministry of
Health should be the body to make all the experiments
necessary, even to the extent of taking a bath over to conclude
these experiments, and then lay down in their laws that
the Bath World shall conform to these standards as they
have done in the past, instead of individual Superintendents
experimenting, with increased costs to their Local Authority,
which in view of the speaker’s remarks this morning on
Chlorine Dioxide may all be a waste of money if this new
treatment may be found to be more successful ?

Dr. Palin : I understand that the Ministry of Health are
publishing, in the near future, a revised edition of their
pamphlet “ Purification of the Water of Swimming Pools ”
in the preparation of which it is safe to assume that proper
regard will have been paid to experimental results in the
field.

Those local authorities whose Baths Superintendents have
not hesitated to investigate and apply each new advance in
treatment procedure are to be congratulated. Mention was
made of chlorine dioxide as being a new chemical which
had found a place in water treatment and which might have
possibilities in the swimming pool field but until we know a
good deal more about it anything that could be said now
about its future place in bath treatment would be pure
speculation.

To put off any new advance because something better
might come along would be inimical to progress.

Mr. T. Lindley (Richmond): At Richmond we have
carried out break-point chlorination since 1947 under the
worst possible conditions; great improvements have been
experienced but from time to time patrons have complained
about the atmospherical conditions due to nitrogen
tri-chloride.

(a) Would Dr. Palin say that adequate ventilation could
remove this unpleasant and irritating smell ?

(b) Could Dr. Palin give any information whether the
natural hardness of water would tend to cloud the water due
to precipitation of the salts, as this appears to obtain on
occasions ?
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Dr. Palin : (1) In the removal of NC13 and other
unpleasant odours adequate ventilation would undoubtedly
be of great value.

(2) Precipitation of the hardness salts will certainly cloud
the water. The use of lime or soda ash may, unless mixing
is efficient, cause softening reactions to proceed locally at
the point of application and one way to overcome this
would be to use sodium bicarbonate.

Mr. L. Farnsworth (Bethnal Green) : (a) You mention
chlorine dioxide as a new waterworks treatment with
considerable possibilities for swimming bath use.

In your opinion, will a development of this new chemical
application be likely to supersede the break-point system
within a year or two ?

(b) Is there any information available as to the effect
of this chemical on the colour of the water ?

Dr. Palin : (a) As yet there are no water treatment
plants in this country using chlorine dioxide and a great deal
of experimental work would have to be done before any
general application of C1O2 treatment should be considered.
Furthermore it is, at present, a fairly costly process which
is not in its favour. In any case, should the treatment be
found to have future possibilities a chlorinator will still be
required so there is no question of existing apparatus being
rendered obsolete.

(b) In the Author’s experiments with peaty waters ClOf
was found to have some decolourising power but to be less
effective than chlorine itself.

Councillor A. Russell-Cook (Lewisham): With a
swimming bath super-chlorinated to the extent of 1.5 part
per million, how long would it take to destroy B.Coli ?

Dr. Palin : Probably in less than 1 minute.

The President : Ladies and Gentlemen, many very good
papers have been given on the subject of break-point
chlorination, but this is the first occasion when the personal
experiences of colleagues has been given. The innovation, I
am sure, has been very successful, and on your behalf I
express our grateful thanks to Dr. Palin for his excellent
paper and to our colleagues who have made such a great
contribution to the discussion.
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CONFERENCE DINNER

At the “ PRINCE OF WALES ” HOTEL, SOUTHPORT,

Mr. J. Hall, President, in the Chair.

{The toast “ The King ” was proposed by the President and
loyally accorded with musical honours).

Mr. L. F. James : Mr. Mayor, Mr. President, Ladies and
Gentlemen, it is my privilege as well as my pleasure to
propose the toast to the County Borough of Southport. Mr.
Mayor, I would first, on behalf of the Association, express
our sincere appreciation of the delightful welcome you
afforded to all delegates attending this Conference, and
secondly, for the grand programme you arranged for their
pleasure last evening, an occasion, I am sure, which will
be remembered by all who were fortunate enough to be
present.

As the civic head of the County Borough of Southport I
ask you to convey our sincere thanks to the Southport
Corporation and its Officers for making this Conference
possible, and for the excellent arrangements that have been
made for the comfort and convenience of the delegates.

Mr. Mayor, in your capacity as chief citizen of Southport,
coupled with your many years of experience as a member
of the Borough Council, you will no doubt agree that
conferences play a particularly important part in Local
Government Service and afford great opportunities for the
exchange of views and experiences which contribute in no
small measure to the continual progress that is being
maintained.

The success of a conference of times largely depends upon
the venue and the facilities available, and general tribute is
due to those local authorities who do so much to make
conferences possible. This year, Mr. Mayor, the National
Association of Bath Superintendents is indebted to your
good self and the Corporation of Southport, and trust that
you have liked us as visitors as much as we have appre­
ciated you and the Corporation as our hosts.

His Worship the Mayor, Councillor R. Johnson, J.P.:
Mr. President, Mr. James, Ladies and Gentlemen, I want
to thank you Mr. James for the very eloquent manner in
which you proposed the toast of the County Borough of
Southport, and to you ladies and gentlemen for the very 
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generous way in which you received it.
My job is to thank you warmly for this toast and I, as

Mayor of this town, am very appreciative of the words
of Mr. James when he expressed his thanks to the Officers of
the Corporation. It is not often that officials get bouquets,
but I do like to hear praise given where it is due and I am
thankful you are appreciative of what has been done to make
your stay a happy one.

We like conferences in Southport and set ourselves out
to make people welcome and like them to feel that they
are in a friendly town and that wherever they go during their
stay will feel that they are among friends. It is sixteen years
since you were last here, may I hope that it won’t be sixteen
years before you come again.

Whatever I have omitted to say, or what you think I
ought to have said, I could not thank you more warmly for
the very kind way you received this toast, and I hope you
will all make up your minds to come to Southport again.

THE NATIONAL ASSOCIATION OF BATH
SUPERINTENDENTS

Councillor R. Peach (Crewe): Mr. President, Mr.
Mayor, Ladies and Gentlemen, I appreciate the honour
conferred upon me tonight in being asked to propose the
toast of the National Association of Bath Superintendents.

During this Conference I have been particularly impressed
by the wide field of subjects that has been covered and the
high standard that has been achieved ; from my experiences
of conferences I wish to say that this is the most interesting
and pleasing conference that I have attended since 1939.

The work of this Association and that of Baths Committees
is of particular importance and there is no doubt that in these
enlightened days it is recognised that the Baths Committee
is one of the most important of a local authority. My one
criticism is that the Association is much too modest and
does not press its claims for greater recognition with sufficient
vigour. I am sure that the work of this Association deserves
the highest praise, and speaking on behalf of all public
representatives trust that you will go from success to
success. (Applause).

Mr. H. Francis (Newcastle-upon-Tyne): Mr. President,
Mr. Mayor, Ladies and Gentlemen, it gives me great pleasure
to reply to the toast of our Association so ably proposed and
received so wholeheartedly by you all. I was interested in
the remark regarding the importance of this Conference and 

137



the standing it has amongst conferences of local government.
This point was borne out on two occasions last year in two
widely separated towns where suggestions were made that
conferences were to be reduced, which resulted in a
declaration that whatever conferences were to be cut in
future the Baths Superintendents Conference should remain
because of the wide range of subjects that were discussed
and the high standard that was maintained. I am sure we
are deeply appreciative of that testimonial for its value in
giving this Association a very good standing in local
government. The Association has made considerable
progress in recent years and I am sure it must give our
founders, some of whom arc still with us. great pleasure to
see that their initial spade work has come to fruition. It is
very pleasing to learn that the Association is held in such
high esteem by local authorities, and I am sure that we are
anxious to co-operate with them to the full to further improve
the Baths Service.

During the past year the Association has paid a great
deal of attention to the training of the younger members of
the Baths staff, and it has been very gratifying to note the
enthusiasm with which the scheme has been received and the
number of persons who have taken advantage of the facilities
offered with benefit to themselves and the local authorities by
whom they are employed.

I conclude by saying, thank you Mr. Peach for the nice
things you have said, and thank you ladies and gentlemen
for the manner in which you have responded to the toast.

THE PRESIDENT
Mr. C. N. Bond (Bournemouth): Mr. Mayor, Ladies and

Gentlemen, jt is my very pleasing duty tonight to propose the
toast of The President. My pleasure is much greater because
of my personal long association with Mr. Hall, coupled
with the knowledge that I was his proposer for membership
of this Association in 1929.

From the earliest days of his membership Mr. Hall has
taken a very keen interest in the affairs of the Association,
particularly in the Midland Branch, and has seldom missed
a meeting in the whole of his twenty one years membership
where he has made a considerable contribution to the
advancement and expansion of that Branch.

The Midland Branch sponsored Mr. Hall for the office
of President and, I am sure, in doing so made a very popular
and proper choice; as a result of his year’s work in the 
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office of President of the Association the Branch must feel
amply rewarded.

Mr. Hall, in his professional capacity, has served the West
Bromwich Corporation for twenty two years and has under
his care one of the finest bathing establishments in the
Midlands in which he has taken a great deal of interest, so
much so that it may well be termed the Job Hall Memorial.
There can be little doubt that when Mr. Hall retires in the
not too distant future the West Bromwich Corporation will
lose the services of an extremely competent and conscientous
officer who we have been proud in the past year to proclaim
as our President.

Mr. Mayor, Ladies and Gentlemen, this toast would not
be complete if I omitted to pay tribute to Mrs. Hall who
has been at the President’s side to assist him at all times, no
doubt, console him. I therefore ask you all to rise and drink
to the President coupled with it his good lady, Mrs. Hall.

The President : Mr. Mayor, Mr. Bond, Ladies and
Gentlemen, on this occasion I find great difficulty in finding
words that would adequately express my thanks and
gratitude to Mr. Bond for the glowing testimony he has given
me in proposing this toast, and to you Ladies and Gentlemen
for the very generous way in which you have received it.

During my year of office I have endeavoured to justify
the confidence the members of the Association have placed
in me, by carrying out the duties of my office in a fair and
just manner and generally to the best of my ability. My aim
as always has been to be of service to the Association and
its members, and I am very grateful to all those who
supported me in my endeavours. I would like to pay tribute
to the assistance and guidance I have received from the
Executive and Officers of the Association, particularly our
hon. Secretary, Mr. James, who has been, as to all Presidents,
my right hand man. Lastly, but by no means least, I am
grateful for the kindly help, assistance and understanding I
have received from my wife which has added considerable
pleasure to my year of office.

Mr. Bond, Ladies and Gentlemen, I thank you.

Thursday, 27th April, 1950—Morning Session.
The President : Ladies and Gentlemen, the paper this

morning is by Mr. J. R. Henshilwood, of Clyde Fuel Systems
Ltd., who will read a paper entitled “ A General Approach to
the Use of Liquid Fuels and their application to Boiler
Plant in Public Baths and Wash-houses.” (Applause).
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A GENERAL APPROACH TO THE USE OF
LIQUID FUELS AND THEIR APPLICATION
TO BOILER PLANT IN PUBLIC BATHS AND

WASH-HOUSES

By J. R. HENSH1LWOOD

The use of fuel oil for heating water or raising steam in
boilers has become common practice in most parts of the
world. It is interesting that during the last thirty years there
has been as great an improvement in the technique of burning
fuel oil as in the science of heating buildings and the supply
of hot water. Before the reader begins his study of the science
of handling and burning fuel oil it is advisable that he should
know something of the nature and history of the petroleum.
industry.

There is an abundance of evidence that the Ancient World
knew of and utilised certain petroleum products. In the
Middle East, as far back as 3,000 b.c., asphaltic bitumen was
used for many purposes; asphalt was used by the Romans for
road making; again, the Chinese used petroleum natural gas
as a fuel. In general, however, the history of petroleum begins.
in 1859, when Colonel Drake drilled his famous well at
Titusville, which was probably the first well to be drilled with
the definite object of obtaining oil.

For the first forty years of the history of the petroleum
industry the public demand was almost confined to kerosine,
which was used as an illuminant and also for small heating
stoves. Previous to this, the only sources of domestic light,
where no gas was available, were candles and vegetable oils.

The large-scale production of kerosine and the use of oils
produced by the distillation of coal gave to the public before
the days of electric light a source of reasonably good illumina­
tion. The products derived from the crude oil, now known
as motor spirit, diesel oil and fuel oil, were regarded mainly
as waste and their disposal presented a formidable problem.
Men connected with the petroleum industry have described
how some of these products were piped to sequestered places
and there destroyed by burning—an abhorrent thought in
these days of fuel rationing.

With the advent of the spark ignition engine and the motor
car, and later the compression ignition engine, (popularly
termed the diesel engine, kerosine lost its place as the principal
product of the petroleum industry, and motor and aviation 
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spirit not only replaced it in importance, but vastly outpaced
it in volume of sales. It would, however, be wrong to regard
fuel oil as being of minor importance or a waste product of
the industry. Its significance can be realised by considering
that in 1944 some 346 million tons of crude oil were produced
throughout the world. The refineries transformed the crude
into motor and aviation spirit, diesel fuel, fuel oils, lubricating
oils, etc., and the fuel oil sold throughout the world represents
more than half the total tonnage. This should dispel any
illusion that fuel oil is not regarded as a petroleum product
of the first importance, or that it should be considered in any
way as a waste product.

There are one or two places in the world where oil is
pumped from the well and can, without refining, be directly
used as a boiler fuel, or in compression ignition engines.
These cases arc most exceptional, and in nearly every instance
where the daily Press refer to the burning of “ crude oil,” fuel
oil is meant. This fuel oil is a refinery product.

Crude petroleum is obtained from the well as a mixture of
many thousands of chemical combinations of hydrogen and
carbon usually known as hydrocarbons. If one takes a sample
of petroleum oil and splits it up into its ultimate analysis, it
will be found that some 85 per cent, by weight is carbon and
10 to 13 per cent, hydrogen. It will be seen, therefore, that
somewhere between 95 and 98 per cent, of the oil is accounted
for by these two elements. The remainder consists of com­
pounds of oxygen, sulphur and nitrogen, and there is usually
a very small percentage of non-combustible matter. This
latter point is worthy of note, since it is the absence of non­
combustible matter and consequently of “ fly ash ” which so
greatly accounts for the decreased cost in boiler cleaning
where liquid fuels are used.

Commercial Grades of Fuel Oil
It is necessary to be able to apply some kind of label to

the various grades of fuel oil available on the market, and
it might be thought that fuel oils would be classified according
to their heating power or calorific value, but this does not
change much from grade to grade, the calorific value of most
fuel oils lying between 18,200 and 19,500 B.Th.U. per lb. It
is usual to specify grades of fuel oils by their fluidity or,
technically speaking, viscosity. It can be shown that the
viscosity of an oil changes considerably with temperature
change and, therefore, it is necessary to fix an arbitrary tem­
perature at which this is measured in order to compare one
grade with another. In the United Kingdom the temperature 
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chosen is usually 100°F., while on the Continent 20°C. and
50°C. are chosen; 122°F. is the temperature generally used
in the United States. The three fundamental grades of fuel
oil, therefore, could be labelled by viscosity as:

Gas oil—about 35 seconds Redwood No. 1 at 100°F.
Diesel oil—about 45 seconds Redwood No. 1 at 100°F.
Residual fuel oil—up to about 6,500 seconds Redwood

No. 1 at 100°F.
Under this latter heading we might broadly include the war

years* fuel, “ Creosote-Pitch ” or “ Coal Tar Fuel 200,” to
give it the name by which it is now more generally known.
This is, of course, a home-produced fuel, and, within the limits
of available supply, more easily obtainable at the present
time, since it is not tied up with “ Dollars ” and import.

It is essential both from the international and national
points of view that the available supply of liquid and solid
fuel should be used with the greatest possible efficiency. As
the choice of fuel for spark ignition and compression ignition
engines is limited, it is obvious that in the interests of world
economy one should choose for furnace oils grades which will
make as little demand as possible on the supply of fuels for
internal combustion engines. Therefore, every industrial use
should be carefully examined with a view to ensuring that the
grade of oil to be used is the heaviest that the prevailing
conditions will permit. It is for this reason that throughout
the world during the last ten years there has been a steady
movement towards improving oil-burning equipment in order
that one may consume efficiently heavier grades for central­
heating and similar processes, and thus avoid the wasteful
use of potential engine fuels.

SLIDES, as follows:—
1. Air Director—Low Pressure Air.
2. Air Director—Pressure Jet.
3. Pumping and Heating Plant—Duplex, Simplex, Steam

and Electric.
4. Electric Line Heater.
5. Blowing Fan.
6. Duplex Strainer—Hot and Cold.
7. Air Director applied to Flue type Boiler.
8. Air Director applied to Water-tube Boiler.
9. Nozzle and Diaphragm—Pressure type.

10. Nozzle and Atomiser—Low Pressure Air.
While “ Oil Burners ” are available in a number of designs 
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it is the author’s opinion that only two of these are likely to
be found in the field of application to boiler plant for Public
Baths.

The Pressure Jet System
This will normally be found in large installations, where

the advantages of a “ central ” Pumping and Heating unit
will give the greatest effect. The system involves the atomisa­
tion of the fuel, by pumping it at relatively high pressures
through small nozzles, designed to break it up into a fine
spray. The burners carrying these nozzles are situated
centrally in housings or “Air Directors ” fitted with directional
air vanes, and the air required for combustion is taken into the
combustion chamber through them in such a manner as to
ensure the correct mixture of air and fuel.

These “Air Directors ” are normally made in varying sizes,
referred to as 13", 16", 18", etc., the figures denoting the
effective internal diameter of the casting. The manufacturer
will fix the required size, which will be governed by the oil
in Ib./hour which it will be necessary to burn to meet the
specified steam load. This in turn is governed by the available
“ draught.” It must be clearly understood that the entire
quantity of air to support, and complete, combustion of the
fuel, has to be taken into the firing chamber through these
“ air directors,” and this will vary according to “ draught ”
referred to. If the boiler operates under “ Natural draught,”
then the maximum available will be the “ pull ” exerted by
the stack, less the resistance, or drop through the boiler, and
economiser if fitted. Where “ Induced ” or “ Forced ” draught
is fitted the “ pull ” will normally be much greater, with *.
corresponding increase in the quantity of fuel which can be
burned.

In the case of a “ Battery ” of boilers fired by this system,
reduced load conditions will be met, by either shutting down
one or more boilers, or by reducing the work done equally in
all boilers, by slowing down the speed of the single pump of
the “ Pumping and Heating ” unit and so reducing the fuel
in-put. Obviously, then, the reverse procedure will hold for
“ increasing loads.”

Reference has been made to the small nozzles used in this
class of burner. It is highly important that these be kept very
clean, as the presence of minute particles in the nozzle pas­
sages, while not causing actual chokage, may upset the
atomisation, with resultant loss of efficiency. In the “ Marine
Field,” where this type is almost universally used, it is the
practice to change all working nozzles every watch, that is,
every four hours, and since the work of doing so takes only 
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some thirty seconds per burner, better advice cannot be given.
The “ Pumping and Heating ” unit will be installed either

as a “ Duplex ” plant, that is, two heaters and two pumps on
a common bedplate or as two separate “ Simplex ” units, each
in its own bedplate. In either case, one pump and heater will
be capable of meeting the full load, and so one will be “ stand
by ” to the other. In the case of floor space being restricted
the Duplex plant will be used, since the heaters are mounted
one above the other, either pump being arranged to pump
through either heater. In this way the minimum space is
occupied. Above a certain size of plant, however, it is not
usual to do this, as the over-all height becomes too great, and
“ Simplex ” units must be used. According to the boiler
house requirements, these units may be entirely steam
operated or combine steam and electric drive. Where a plant
will normally run continuously for long periods, an all-steam
drive will probably be preferred and, in this case, some form
of “ hand operated ” lighting-up gear will be supplied. This
will probably consist of a “vapour burner ” working under
natural draught in a small self-contained heater, where the oil
will be heated to atomising temperature. Oil will be pumped
through this heater to the burners, at pressure, by means of
a hand pump. The oil burned in the “ Vapour Burner ” will
be paraffin or Diesel, burned in its cold state and fed from a
small gravity service tank. When some 40 lb. per sq. inch
steam pressure has been raised, the steam pump, and later the
steam heater, will take over.

Where “ shut down ” and “ light up ” will be frequent, an
electrically driven pump will be fitted and this will work in
conjunction with an electric heater. This will eliminate all
manual work in “ starting up.” In the case of steam driven
pumps, which are normally reciprocating, a large air vessel
is placed in the discharge line to form a “ cushion ” against
the pump “ stroke ” and ensure a steady pressure at the
burners by smoothing out the stroke “ surge ” which would
otherwise be present.

All units will be protected by two “ Duplex ” type strainers,
one between storage and pumps, known as the “ cold
strainer,” and one between pumps and burners, known as the
“ hot strainer,” and in both cases it will be possible to change
over from one “ cage ” to the other without shutting down the
plant. Provision will be made in the “ hot strainer ” which
is under pressure, for the “ pressure drop ” across it to be
seen, which will indicate that a “ change ” is necessary for
cleaning. In the case of the “ cold strainer ” the change-over
will be by routine, since there is at this point no definite
pressure to record.
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Low Pressure Air
In this type of burner the atomisation of the fuel is done

by “ Low Pressure Air.” By this is meant air at a pressure
of between 15 and 20" W.G. (28" W.G. = 1 Ib./sq. inch) and
this is normally supplied by centrifugal fan. Exactly in
contrast to the previous method, pressure of the oil plays no
part, and indeed no pressure is desirable other than that
required to overcome pipe friction and metering valve restric­
tion. There are normally no small orifices in* this type of
burner, which is particularly free from “ chokage ” failures.

The air required for “ atomisation ” of the fuel passes
through the burner body, picking up the oil on its way, and
projecting it into the furnace in the form of a “ spinning
spray.” The quantity of air required for this purpose will
vary between 20 and 25 per cent, of the total, or will be
approximately equal to 1 cu. ft. of air per 1 lb. of oil burned.
Like the Pressure Jet, the burner will be contained in a
“Housing ” or “Air Director,” and this will again be fitted
with vanes, so arranged as to create the proper air and oil
spray mixture, which will give the greatest combustion
efficiency. This type of burner will normally be found
applied to “single unit ” boilers or where low outputs are
required. It will not be found, for the following reason, in
large outputs—

Some 20 to 25 per cent, of the total air has to pass
through the “ body ” of this burner. It is, therefore, of
considerable size, and, beyond certain outputs, would
become a little unwieldy, as would the diameter of its “Air
Director.” It is not usual, therefore, to apply this where
the output in lb. steam per hour per burner exceeds 5,000.

The construction, of this type, with its freedom from small
orifice parts, makes it particularly suitable for installations
where it may not, for one reason or another, be suitable to
change burners. Properly adjusted, it may be in use for many
hours, or even days, without cleaning.

All the electric controls will be grouped on a “ panel ”
mounted in some convenient and easily accessible position in
the boiler room, and will comprise the following, all of which
will have name-plates fitted:

1. Isolating switch and fuse and starter for Blowing Fan.
2. Isolating switch and fuse and starter for stand-by unit.
3. Isolating switch, fuse and starter for Circulating Pump.
4. Isolating switch, fuse and starter for stand-by unit.
5. Isolating switch fuse with Relay for Line Heater.
6. Isolating switch fuse with Relay for Tank Heater.
7. Isolating switch fuse with Relay for Soil Cable.
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The last three items will also have, mounted alongside, lamp
assemblies to indicate when they are “ live ” and to indicate
the action of the controlling thermostats.

It may be said that an oil-burning installation will consist
of Storage tank, or tanks, as large as possible, fitted with both
steam coil and electric heater and carefully lagged to conserve
heat. Both steam coil and electric heater will be thermos­
tatically controlled.

From the tank, oil will be drawn by pumps, usually in
duplicate, via a duplex strainer, and discharged into a cir­
culating main, which will incorporate both steam and electric
line heaters, thermostatically controlled, and having a valved
arrangement, whereby the oil may be returned to pump
suction or to tank.

This “ ring main ” or “ circulating line ” will be fitted with
a steam tracer or, in some cases, with “ Soil Cable,” the whole
being lagged together. Ample provision will be made by way
of air vents and drains for quick and easy draining of all lines.

This latter applies particularly where “ Coal Tar Fuels ”
are used.

On starting up from cold, oil will be circulated round the
“ ring ” via the electric heater, back to the pump suction.
When the burning temperature has been reached, the burners
will be lighted, and the circulating valve closed. This will
cause a rise in pressure in the “ ring ” feed to the burners and
will cause to open a spring-loaded valve in the pump dis­
charge line, which will now allow the “ excess ” oil to return
to tank. Since this relief valye comes before the line heater,
the by-passed oil will be at tank or storage temperature. When
steam has been raised the electric heater will be replaced by
the steam.

Obviously, there will be variants of the above, according
to manufacturers’ theories and the type of burner in use, but
it is hoped that the .foregoing will provide a useful picture of
general practice.

Preparation of Fuel Oil for Burning
Fuel oil in bulk is not very inflammable. It can be demon­

strated that a flaming torch can be quenched by dipping it in
a bucket of fuel oil. If one introduced a thick stream of fuel
oil into a furnace and tried to burn it, the outer layers would
probably burn, but the central core, having insufficient air,
would not burn completely and large quantities of smoke
would form. It is essential in order to bum fuel oil efficiently
that it must be split up into small particles or droplets so as
to expose as great a surface as possible to the air.

146



This latter is the purpose for which the “ Oil Burner ” must
be designed and is usually referred to as “Atomisation.”

It is because “ Viscosity ” is so very important that, as has
been shown under the heading “ Commercial Grades of Fuel
OiL” it is now the general practice to label the different grades
by their “ viscosity,” at a temperature accepted as standard
for comparison purposes.

Whatever the grade, the manufacturer installing equipment
will make provision for the heating of the storage tanks to
maintain the fuel at the most suitable temperature for easy
handling by the pumps, and ultimately, before delivery to the
burners, to that temperature at which the “ Viscosity ” will
have fallen to 70/100 sec. It is around this particular
viscosity that the “ ultimum atomisation ” is found possible.

Considerable reference has been made to that most
important factor—Viscosity. It might be well to describe
how this is measured, and so elucidate the meaning of the
expression.

The instrument used for the test is known as a “ Visco­
meter ” and consists of a vessel having an orifice hole in its
base. A measured quantity of fuel is put into the vessel, the
orifice hole opened, and the time taken for the entire quantity
to leave the vessel. This time is always expressed in “seconds.”
During the “ test ” great care is taken to maintain the fuel,
vessel, and ambient temperature at 100°F. It will be clear
from this that a fuel which is said to be “ 1,000 seconds ” will
be “ thick,” while one which is said to be “ 45 seconds ” will
be “ thin.”

Since the temperatures governing correct “ storage ” and
“ burning ” will vary with each and every grade of fuel, and
also according to the fuel analysis, as in the case of “ Coal
Tar Fuels,” no attempt will be made here to list these. The
manufacturers’ technicians will always be able to advise on
these points, and the fuel suppliers, if there is any doubt, will
be able to produce “ viscosity curves ” for the grade of fuel
in question.

Combustion Efficiency
There are three main ways in which fuel can be wasted

by burning it inefficiently. All three may be due either to
poor oil-burning equipment, incorrect operation of the oil­
burning equipment, or a combination of the two. These
sources of waste are:

(a) Unburnt carbon in the products of combustion.
(b) Carbon incompletely burnt, i.e., combining with

oxygen in wrong proportions to form carbon
monoxide (CO) instead of carbon dioxide (CO2).
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When a pound of carbon is burnt to carbon monoxide, it
liberates only 4,451 B.Th.U. instead of the 14,550 B.Th.U.
liberated when the same pound of Carbon is burned to CO2.

(c) Excess Air.
However good the oil-burning equipment, it is rarely

possible, or desirable, to operate the burner so as to give the
fuel the exact amount of air for the period of combustion.
Good oil-burning equipment should operate with an excess of
air only some 20 per cent, above the theoretical. Greater
quantities than this not only chill the flame, but increase the
stack loss. It is, therefore, very important that we should be
able to ascertain quickly and easily how much excess air is
being introduced into the furnace, and this will normally be
done by the introduction of instruments, either permanently
installed, such as Co2 recorders, or by the “Spot-test” method,
using one of the many recording instruments on the market,
the tests being made at frequent intervals.

Fig. 1

Fig. 1 shows a curve giving the typical relationship between
the percentage of CO2 and the dried flue gases (by volume)
and the percentage of excess air. It should be noted that,
whereas the maximum possible CO2 content is about 15.2 per
cent., some 30 per cent, excess air will reduce the actual CO=
content to 11 per cent. For efficient combustion of fuel it is
necessary to retain the CO2 content between 11 and 13 per
cent.
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TABLE 1
Fuel Oil—Viscosity 200 Sees. Red. I at 100°F.

/ C. 87.4 per cent.
200 Secs. Fuel Oil. Approximate ultimate analysis< J?’ 11-0

*O. 0.15

Gross calorific value. 19.000 B Th.U. per lb. approximately.

Percentage Percentage Heait Carried Away by Flue Gases
Excess Volume of Above 60°F. as Percentage of Gross

Air. Dry Flue Gases Calorific Value of the Fuel.
COa O2 300° F. 400°F. 500 °F. 600 °F . 700°F.

0 15.9 0 10.4 12.4 14.5 16.6 18.7
10 14.4 2.0 10.8 13.0 15.2 17.6 19.9
20 13.15 3.6 1 1.2 13.6 16.0 18.5 21.0
30 12.08 5.0 11.7 14.2 16.8 19.5 22.2
40 11.2 6.2 12.1 14.8 17.6 20.4 23.3
50 10.6 7.3 12.5 15.4 18.4 21.4 24.5
75 9.12 9.4 13.6 16.9 20.3 23.8 27.3

100 7.76 10.7 14.7 18.4 22,3 26.2 30.2
150 6.19 12.8 16.8 21.4 26.2 31.0 36.0
200 5.14 14.2 19.9 24.4 30.2 35.8 41.7

Table I shows the stack losses at temperatures between
300°F. and 700°F. for different percentages of excess air
ranging from 0 to 200 per cent.

It requires some experience to judge by eye the quality of
an oil flame, and it is better for the preservation of the eye­
sight to study such flames through darkened glass. The flame,
being operated with a reasonable amount of excess air so as
to give efficiency, has a distinct “ colour ” with a slightly
darker tone at the tips of the flame. Boiler-room superin­
tendents often exhibit with pride dazzling white oil flames,
but in general this is a condition to be avoided, as it usually
indicates a large and undesirable quantity of excess air. The
criterion to be aimed at is a very slight haze at the exit from
the stack, but it must be remembered that this is conditional
on having a well-tuned and well-designed oil-burning equip­
ment, because badly designed, installed or operated oil­
burning equipment can produce smoky exhaust gases long
before the excess air has been cut down to a reasonable figure.

The above is not quite true where “ Coal Tar Fuels ” are
concerned. These in general will burn with a more
“ luminous ” and emissive flame than petroleum fuels, and
the dazzling white conditions referred to may be quite correct.

It is usual to be asked to give some comparative costs
between liquid and solid fuels. This opens a very wide field
of discussion, which is not within the scope of this paper, but
it must be appreciated that, at the present-day prices ruling
for liquid fuels, they do not compare favourably with coal at, 
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say, fifty to sixty shillings per ton, if a direct comparison be
made based on cost per ton and relative calorific values.
There are, however, many points which must be taken into
consideration and which have a very definite bearing on the
comparison.

The saving in man-power, in coal handling, ash removal,
general cleaning and maintenance, and perhaps above all the
ability to maintain higher steam outputs from boiler plant
which may be at its maximum on solid fuels, especially in
these days of widely fluctuating “ quality.”

The following figures are taken from a well-run boiler
station, consisting of eight Lancashire boilers, using one
common Economiser, and are based on an average over a
long period, before and after conversion to liquid fuel.

The figures are “ normal operating ” and not “ test ”
conditions.

On solid fuel the boilers were fitted with “ Sprinkler type 
stokers ” and on liquid fuel
system.”

were fired by a “ Pressure Jet

COAL. OIL.
Cost of Fuel ... 52/6d. per ton 125/0d. per ton
Steam—Cost per 1,000 lb. ... 57.5d. 77.3d.
Maintenance—per 1,000 lb. ... 2.7d. 1.8d.
Fuel cost 1,000 lb. steam ... 40.6d. 62.3d.
Wages per 1,000 lb. steam ... 4.3d. 2.8d.
Fuel—Calorific value................
Plant efficiency—

11.900 BTU/lb. 18.420 BTU/lb.

including Economiser 66.4% 78.6%
Economiser efficiency 7% 7%

from and at 212°F. 8.12 14.92
It may be said generally that all boilers can be converted

from solid to liquid fuel. Obviously some will lend themselves
much better than others to the change-over, but it may be
accepted that Lancashire and Cornish types make good and
easy change-over, under either natural, induced, or forced
draught conditions. The state of the brick setting is of the
first importance, and everything possible must be done to
make this “ tight.” Normally the work involved will consist
of the removal of the front plate, fire bars, and flame dyke.
In place of this will be fitted a new “ closing plate ”. which will
carry the “Air Director ” and burner, plus the small amount
of refractory lining usually employed.

Exactly the same procedure will hold good in the case of
Economic boilers, except that there will be no brick setting
to consider.

Water-tube Boilers, with their brick set structure, make an
excellent oil-fired unit. There are, however, many more points
to be considered here than in the previous cases.
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Due to the construction and shape of the combustion
chamber, the manufacturer will probably fit more than one
burner. The actual number, their position, relative to side
walls, floor and tube banks, will all have to be carefully
studied and will vary according to the standards of the
manufacturer and the particular characteristics of the burner
applied.

On the basis that the steam demand in Baths and Wash­
houses will normally be for fairly large quantities at moderate
pressures, and that the demand will be reasonably steady,
either of the aforementioned types of burners, i.e., Pressure
Jet or Low Pressure Air, will adequately meet the case with
the greatest ease of adjustment and maintenance.

Under certain conditions of widely fluctuating load, fully
automatic plant can be installed, but these are not usually
found, other than on relatively small boilers, and will not, in
general, operate on such heavy grades of fuel as would be
used in manual plant.

The fully automatic is an excellent type of plant, dispensing
entirely with the human element, but requires a special study,
which this paper cannot cover.

This “ fully automatic ” plant has been developed by one
well-known firm of Combustion Engineers to the point where
a single “ unit ” plant will effect an evaporation of 8,000 lb.
steam per hour from and at 212°F.

A number of these machines have been installed and are
successfully operating on a petroleum fuel of 1,500 seconds
Redwood No. 1 which represents a great advance in the use
of fully automatic machines in the field of heavy fuels.

For reasons connected with fuel analysis, they are not, how­
ever, as yet used in the heavier range of “ Coal Tar Fuels.”

The President : We thank Mr. Henshilwood for his
paper and illustrations and will immediately call upon
Mr. J. Price Walters, representing the Minister of Fuel and
Power, to open the discussion.

Mr. Price Walters: As a representative of the Ministry of
Fuel and Power I should like first to express our appreciation
and interest on learning that you had once qgain devoted a
session of your annual conference to the subject' of fuel.
In selecting liquid fuels, I feel you have chosen an interesting
subject and I thank you for affording me the privilege of
opening the discussion. You have as usual secured a paper
from an author who is an authority on his subject and I 
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should like to congratulate him on the paper he has presented
to us. The paper does not provide me with much scope for
criticism in order to provoke discussion, but there are a few
points on which I would wish to comment.

The first is on the second paragraph on page 145 under the
heading “ LOW PRESSURE AIR.” Theoretically, the air
required for the combustion of 1 lb. of oil is of the order
of 184 cu. ft. at normal temperature and pressure. Elsewhere
in the paper, on page 148, the author states that 20 per cent.
excess air is required for “ good oil burning equipment.”
This raises the air quantity from 184 to 221 cu. ft. 20-25 per
cent, of this would be 44-55 ou. ft. Therefore, the statement
** the quantity of air required for this purpose will vary
between 20 and 25 per cent, of the total, or will be
approximately equal to 1 cu. ft. of air per 1 lb. of oil burned ”
would appear to be an error.

On page 146, half-way down, appears the statement “ the
burners will be lighted, and the circulating valve closed.”
Surely the circulating valve should be closed ’ before the
burners are lighted? Otherwise, atomising pressure would
not be attained. *

On page 148, immediately above Fig. 1, the author suggests
the use of a recording instrument for a “ spot test.” I presume
this is a slip and that he really meant to suggest the use of
an indicating instrument for this.

In the middle of page 149 appears the statement “the flame,
being operated with a reasonable amount of excess air so
as to give efficiency, ...” might, if taken out of context, be
misleading and I would suggest th^t this paragraph might
with advantage be redrafted.

On page 141,1 feel the author has given me an opportunity
to offer a criticism and to put forward a suggestion. The
title of the paper is “ A General Approach to the Use of
Liquid Fuels and their Application to Boiler Plant in Public
Baths and Wash-houses ” and I am prompted to ask who is
going to make the general approach? I presume it would
be a Baths Superintendent who has to advise his Committee
on the installation of a new plant or the conversion of an
existing plant or it might be the Committee considering such
a problem in a general way. What would he or they require
to know? Firstly, the various fuels that are likely to be
available, their relative merits and the cost of providing the 
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necessary heat service with each fuel, taking into consideration
the cost of plant, space occupied, labour, maintenance of
plant and handling and storage facilities required. I suggest
that the tables given on page 150 are not particularly helpful
for such an enquiry. I accept without question the author’s
statement that they are taken from an actual case. The figures
given for performance on coal are, unfortunately, met with
only too often, but they do not represent good coal-burning
practice and they certainly fall short of the figures attained
by certain Baths Superintendents with whom I have come
into contact in business life prior to the war anc> more
recently. I would, therefore, suggest that it would be helpful
if the author could provide tables comparing like with like,
i.e., good coal-burning practice with good oil-burning practice
and include relative capital cost of plant, maintenance costs,
cost of space required and the other items already mentioned.
I happen to know that the author is concerned with coal­
burning as well as oil-burning and I hope I should not be
trespassing too much on his time by asking if he would
consider this suggestion. I would add that it would be of
additional assistance at the present time if he were to
include .performance figures on coal tar fuels.

Turning to the last sentence on page 151, I would ask
the author if it is not correct that the reason for the difficulty
in using the heavier range of coal tar fuels in fully automatic
systems is the solidifying, through chilling, of a small amount
of the fuel in the burner during the “ off ” periods. In this
connection, T was particularly interested to hear the author’s
statement this morning that he has developed the fully
automatic system now to the stage where he can deal with
coal tar fuels.

The President : Ladies and Gentlemen, I propose
asking Mr. Henshilwood to reply to Mr. Price Walters, after
which he will answer questions.

Mr. J. R. Henshilwood : Mr. President, Ladies and
Gentlemen, I am very grateful for the exceedingly con­
structive criticism of my paper made by Mr. Price Walters.
He has made a great many points and I will now do my
best to answer them.

Taking his points in order, page 145.

He refers to the quantity of air required for combustion 
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of 1 lb. of oil. I said that 25 per cent of the total would
be approximately 1 cub. ft. per lb. of oil. This is not strictly
accurate, but I used the word approximately. For easy
calculation we normally assume a figure of 240 cub. ft. of
air per lb. of oil per hour, which gives a very easy figure
from which to calculate the air required in cub. ft. per min.
per lb. of oil, i.e., 240 divided by 60 = 4. 25 per cent, of
this equals 1 cub. ft. per lb. The figure is arrived at as
follows :—

The\.carbon constituent of an average fuel to give a
maximum CO2 percentage of 14 would demand 28 per cent.
of air beyond the theoretical.

Thus if 13.8 lbs. air per lb. of oil were theoretically
required, the actual amount would be 13.8 x 1.28 = 17.6,
which at 60°F., would be 17.6 x 13.09 = 230 cub. ft. per
lb. of fuel.

The second point raised is on page 146.

In the case of a Low Pressure Air Atomising System, it
should be borne in mind that oil is normally supplied to the
Burners at a pressure not exceeding 10 p.s.i.

In starting, the Burners are usually lit, therefore, with the
circulating valve left open, thus ensuring that a flow of hot
oil will be maintained during lighting up.

Thereafter, the circulating valve is closed and pressure
maintained by a pressure regulating . device. Under this
arrangement, hot oil at atomising temperatures is not
returned to suction or storage.

In the case of a pressure atomising system, where a
minimum pressure, in the region of 40 p.s.i., is required, the
circulating valve must, admittedly, be closed before lighting
up.

The third point on page 148.

This will be obvious to the reader as a slip in wording.
For “Spot-test” conditions, an instrument which “Indicates”
not Records, will of course be used.

On page 149.

The wording of this part, could, if desired, be misleading,
but taken in conjunction with the description at the top of
page 148, will, I think, be quite clear.
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I come now to the major point of criticism, based on page
150. I can answer this quite quickly.

My paper has been prepared and presented with the sole
aim of providing the Superintendent with a clear picture of
the equipment required and the manner of its application
to various types of boiler plant. While I have given a table
of comparison for a station showing typical figures on coal
and later on oil, this is only because some such indication
is normally expected. The purpose of the paper is very
definitely not to stress the advantages of liquid fuels, nor to
deal with the economics of the subject. To have given the
various comparisons which Mr. Price Walters has suggested
should be given, would have entailed much more time than
has been available, since all such figures, if worth anything,
must be obtained from stations using similar plant and work­
ing under similar load conditions.

Turning now to page 151 of the paper and to the last
two lines. It is quite true that in some measure the reason
why “ C.T.F. 200 ” has not, so far, been successfully handled
in fully automatic plants has to do with the chilling of the
fuel in the internal pipe lines of the machine, during a

shut-down ” .period. It is also true, however, that the
analysis of the fuel, has an even greater bearing, in that
certain parts of the equipment will have to be completely
re-designed before this class of fuel can be used with complete
reliability.

Mr. L. Farnsworth (Bethnal Green): At Bethnal Green
Baths we bum pitch creosote mixture, and we find it highly
satisfactory for our purpose.

This fuel, however, appears to have very poor lubricative
'qualities, within itself, and we note that it has a definite
abrasive action on the working parts of the fuel feed pumps.

Can the speaker suggest any method which will enable
us to overcome this wearing of the plant.

Does the speaker think that the trouble may be caused by
using a too heavy mixture ? We are at present burning a
mixture equivalent to Coal Tar Fuel 200.

Mr. Henshilwood : I have not normally seen much
evidence of abrasive wear in C.T.F. fuels, but there are a 
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number of ways in which this could be, if not eliminated, at
least cut down.

Keep the temperature of the storage tank up to 1 10°F. at
which temperature the fuel will be sufficiently thin to allow
easy “ settling-out ” of foreign matter to take place. Use two
storage tanks—one settling, while the other is in use. Keep
the draw-off pipe well above the tank bottom, this should
already be the case, since it should always be above the
heaters. If an excess oil return system is used, make sure
this goes back to the entry side of the cold strainer. If it
is taken back to tank, a certain amount of turbulence will be
created, which will tend to stir up sediment.

There is on the market a Pitch, which comes from Coal
Tar Acid plant and this may contain up to 5 per cent. sand.
This source should be carefully examined.

Mr. F. Latchford (Finsbury) : I would like to ask the
reader of the paper : Referring to the Electric, and Steam
Pump plant, what method of heating the oil have you, if
the Electric motor failed at the commencement of a shift,
when you would only have the Steam pump to operate.

Mr. Henshilwood : I am afraid that if a general electric
failure took place, or if the motor driving the pump gave out,
at the commencement of a shift, there is very little one
could do about it, unless there was available a surface type
burner operating a starting-up heater, together with a hand
pump
fitte'-’
no

s
F

SDovlu.

:tt pressure on the oil. This is nearly always
ine installation. The question, however, is

ime that, although the electric side has failed,
e available at, say 40 lbs. pressure, at which
•age steam pump will operate satisfactorily ?
heater will also work although it will not

face to give the full temperature rise—but
3 the plant to run.

lembered that the electrically driven unit has
-as indicated on the slide which has been

Mr. C. P. Walker (Mitcham): Could the Author suggest
some approximate figure of capital costs to convert a low 
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pressure Central Heating Boiler (C.I. Sectional) burning
Diesel Gas Oil into one burning heavy fuel oil. (i.e., cost of
pre-heating, etc.).

Mr. Henshilwood : This type of question is not easily
answered in a general sense. If the rating of the C.I.
Sectional boiler is below 350,000 B.T.U.’s it will not be
suitable for conversion. Secondly, it is not sufficient just
to introduce pre-heating as this requires to be electrically
interlocked with the starting circuit of the machine in order
to prevent any possibility of the machine starting up on cold
oil. Thirdly, the burner arm, with its bye-pass arrangement
is completely different in design in a heavy oil machine
from that of a machine using Diesel or Gas oil. If Mr.
Walker cares to send me particulars of the boiler in question,
giving make and rating, electric supply, and the grade of
heavy fuel oil available, I will certainly give him full
particulars of conversion costs.

Mr. G. L. Hughes (St. Marylebone): The last two slides
showed :—

(1) Two boilers of the single furnace type suitable for
coal tar fuels, 1,500 seconds viscosity, evaporation
capacity 8,000 lb. steam per hour, fully automatically
controlled.

(2) A battery of what appeared to be lancashire boilers.

The Author stated rather light-heartedly, I thought, that
both these large and important installations were in the care
of one attendant.

All of us here are concerned with labour costs and as
this suggests skilled personnel are unnecessary will the author
kindly state :—

(1) The number of hours daily each plant is working.
(2) The number of attendants, fitters and engineers

actually employed.

Mr. Henshiwood : Taking first the slide dealing with
the two single furnace economic boilers, fired by automatics
suitable for 1,500 seconds fuel oil. This station supplies steam
for process work and in due season also supplies the heating
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j.or a large factory. All plant is automatic including the feed
pumps, and instruments record such items as Gas Analysis—
Steam Flow—Pressure—Gas temperature, etc.

Remote alarms give warning of water failure or any failure
of the oil burner, such as a “ lock-out ” due to chokage or
failure to ignite on starting up. There is one boiler attendant
who also performs other duties throughout the factory and
makes only routine visits to the boiler station. This plant
operates normally from 6 a.m. to 5 p.m. in summer and 24
hours per day in winter. The attendant does not, of course,
work more than the normal shift duration.

The second slide shows a battery of eight Lancashire
boilers, of which six are normally under steam. These
boilers run 24 hours per day and a seven day week. Again
the load is process steam and heating, but here the heating'
is done by H.P.H.W., two of the boilers having been
converted for this purpose. One attendant per shift, is
responsible for the Pumping and Heating Unit, cleaning
and maintaining of burners. He has one “ Waterman ”
who maintains the boiler water level, and the steam feed
pumps which are not in the boiler-house proper. Nothing
in this installation is automatic, except the temperature and
pressure control of the oil to the furnace fronts.

There are naturally here, quite a number of fitters and
engineers—but there are four boiler stations over a wide area
—and maintenance is drawn upon as required, at any one
of them. There is also, quite naturally, a “ Station Super­
intendent ” acting over all.

Mr. E. H. Whittle (Holborn):
4th paragraph from end of paper—Fully Automatic . . .

“ Dispensing entirely with the human element.”

Unless the reader of the paper really and truly believes
this statement as unconditionally as he so dogmatically
writes it, then, for the benefit of the Baths Committees he
must qualify it!

Failing such conditions, I too state dogmatically—“ That
no such automatic system does dispense with the human
element ” entirely !

Who maintains the fully automatic ?
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Humans or some unpaid other automatons !

Page 150. Maintenance per 1,000 lb. steam OIL—
1.8d. Where? Conditions? Fully automatic ? When?

Mr. Henshilwood : In this instance I am prepared to
admit that Mr. Whittle is correct, and that no automatic
can “ dispense with the human element ” entirely. I should
have said “ almost entirely.” It does, however, dispense with
the human clement, in that, once correctly set, the standard
of efficiency of combustion is maintained without skilled
attendance. Obviously, the human element is very much
required in the case of a failure in the controls—or in the
starting cycle of the machine. I had, however, no desire
to be dogmatic, and I hope this correction, taken in
conjunction with my answer to the previous question from
Mr. G. L. Hughes, St. Marylebone, will satisfy Mr. Whittle.

Dealing now with that part of Mr. Whittle’s query which
refers to page 150.

Maintenance per 1,000 lbs. steam—oil—1.8d.
I am afraid I am not at liberty to disclose'the name of

the station—since the figures were given to me privately..
Conditions are those described more or less fully in the
preceding question, the plant being Pressure Jet and not
Automatic.

When ? The figures are compiled from weekly boiler
station returns taken during the years 1948-49.

If Mr. Whittle cares to communicate with me privately,
I will endeavour to put him in direct touch with the
Authorities concerned.

The President : Ladies and Gentlemen, I should like to
thank Mr. Henshilwood for an excellent paper, and Mr.
Price Walters for opening the discussion.

Thursday, 27th April, 1950—Afternoon Session.
Mr. President : Ladies and Gentlemen, this afternoon

Mr. J. B. Fenner, F.R.I.C., of Industrial Soaps Ltd., will
read a paper entitled “ Detergents—Their Economic Appli­
cation in Public Wash-houses and Establishment Laundries. ’
(Applause.)
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DETERGENTS : THEIR ECONOMIC
APPLICATION IN PUBLIC WASH-HOUSES
AND BATH ESTABLISHMENT LAUNDRIES

By J. B. FENNER, F.R.I.C.

Introduction
The washing of soiled linen is a necessary routine job

whether it is done in the home, by an established laundry or
in a public wash-house. Every effort short be made, in the
interests of health and hygiene, to encourage cleanliness and in
this respect bath establishments contribute a great deal to
the welfare of the community.

In recent years the clothes washing facilities in public wash
centres have improved due to the installation of washing
machines of the rotary type. As the result of mechanisation,
the task of washing has become less burdensome and hand­
washing is mainly confined to personal garments made from
wool, silk or rayon. In addition, the use of machines has
reduced washing times and labour with the result that more
people are inclined to take advantage of the facilities avail­
able at the various establishments. The gradual change-over
from the washing stall to the machine has been carried out
in existing centres in view of the restrictions encountered in
enlarging or building new wash-houses. The same considera­
tion of extensions or new buildings applies also to bath
establishment laundries which now undertake to launder the
linen of other municipal departments, homes and institutions
which are under the jurisdiction of the local authority. In
addition to the time of washing, which has a bearing on the
employment of labour and the throughput of the plant, the
choice and economic use of detergents are of equal importance.

It is proposed therefore in this paper to discuss detergents
and their economic usage under the conditions which may
apply in public wash-houses and bath establishment laundries.

Detergents Used in the Washing of Clothes
Cleansing agents fall into three main groups :—

1. Soap and soap powders.
2. Alkalis like soda ash, metasilicate of soda, sodium

silicate and combinations of these products.
3. The so-called synthetics or soapless detergents.

The main functions of a detergent in the washing of clothes
are to assist in the complete wetting-out of the fabric; to 
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detach grease and “ dirt ” particles from the fibres and to
suspend the extraneous matter in such a manner that it will
not readily re-deposit on to the articles. Water alone is not
a quick wetting agent, by scientific standards, and penetration
may be retarded by the physical nature of the material to be
wetted. A greasy surface or greasy dirt, for example, will
resist the action of water. Detergent solutions, in a lesser or
greater degree depending upon the type, wet out fabric more
quickly than water alone, whereby dirt is loosened and more
readily removed by friction.

The physical act of suspension is the property of a detergent
solution to disperse and retain the dirt particles once they have
been removed from the clothes. Similarly, emulsification is
the subdivision of oil and grease into extremely fine particles
or globules and their subsequent distribution throughout the
detergent solution. Finally, detergents should have no harm­
full effect on the clothes.

Soap and soap powders :—
Soap, in various forms, is still the most popular detergent

for clothes washing. It possesses all of the characteristic and
essential properties already mentioned. Probably, the most
important property of soap is its high suspending power. In
this respect soap is superior to the other classes of detergents
and it will be appreciated that dirt suspension is necessary to
the production of a good colour in white articles and bright
ness in the case of coloured articles. When soap, however,
is used in hard water the calcium and magnesium salts are
precipitated and effective cleansing is not possible until there
is sufficient true soap in solution. The detergent power of
soap is enhanced by the addition of alkalis, particularly in the
bulk washing of white clothes. For this reason good quality
soap powders, which contain the requisite balance of soap and
alkali, are popular. They can be added direct to the washing
machines and so dispense with the use of stock solutions
which involve preparation and possible wastage. Trials have
shown that a correctly balanced soap powder, based on com­
parable, efficiency, is more economical than a low soap content
product containing a high proportion of alkali.

Alkalis :—
The most widely used alkalis in laundry work are soda ash,

metasilicate of soda and, usually admixed with soda ash,
sodium silicate; they are employed with soap to promote soil
removal. Whereas soap is primarily the dirt suspender, the
main function of alkali is to remove dirt, although a combina­
tion of both is required for highly satisfactory results. The
silicates possess a relatively high suspending power compared 
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with soda ash. In soft water washing processes it has been
shown that metasilicate of soda economises the use of soap;
it greatly assists in the removal of the more obstinately
attached dirt and produces an excellent whiteness. The
alkalis also react with the hardness in water to produce
insoluble calcium and magnesium salts, and consequently
deposition or loading of the fabric to some extent is unavoid­
able. In hard water washing processes some economy in the
use of soap can be obtained by pre-softening the water with
alkali before the addition of soap. Sometimes soapless sili­
cated products are used in either soft or hard water, especially
in circumstances where soap is not available or in short supply;
reasonably good results can be obtained with these products
on lightly soiled bath towels. It should be remembered, how­
ever, that soap acts also as a lubricant and reduces friction
thereby contributing to the “ Serviceable Life ” of the articles.
Synthetic Detergents :—

There are substances other than soaps which will wash.
They are generally referred to as the soapless detergents.
They are lathering substances made from products which in­
clude materials other than fats from which soaps are produced.
Soapless detergents are not new, they have been known for
very many years, but the scarcity of soap here caused an
interest to be taken in them.

The soapless products are at present the subject of study,
but in the past they have been expensive and not particularly
efficient detergents.

Factors which Influence the Economic Use of Detergents
1. Water: It is essential to the strict economy of

soap products to use water of zero hardness; the
base-exchange or the lime-soda methods of soften­
ing are well known and the choice of plant will
depend upon the initial hardness of the supply
available. Alternatively, water can be softened
with alkali during the washing process, but this
method has its limitations as mentioned earlier in
this paper.

2. Washing Processes : The method employed will
have a direct influence on the quantities of deter­
gents required to promote satisfactory cleansing.
In this respect it is necessary to assess :—

(a) the texture of the articles, whether cotton,
linen, wool, silk or rayon, and the degree of

soil.
(b) the type and efficiency of the washing

machine.
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The choice of a washing process is somewhat limited in
public wash-houses, except in cases where multiple pocket
machines are used. Usually small machines up to 40 lb.
capacity, are hired on a lime basis which permits of a one-
suds operation followed by three or four rinse operations. The
bulk of the clothes consists of such articles as bedlinen, table-
linen, towels, etc. Coloured articles arc frequently included
in the batch but they arc removed from the machine before
the temperature of the wash liquor is raised to 200/212°F.
Soap powders or other detergents arc provided by the patron
and supplemented, in some cases, by unrationed products
which are bought in bulk and resold in small quantities for
immediate use in the machines. Such unrationed products
can be employed as water softeners and builders thereby
improving the cleansing efficiency of the wash. The circum­
stances are such that a multiplicity of products are to be
found in public wash centres which vary in cost and
performance.

In the bath establishment laundry economical washing pro­
cesses can be practised and as in the case of the public wash­
house white cotton articles will constitute the bulk of the
work. The clothes should be classified, as far as possible,
into their respective groups and also, when conditions permit,
into light, medium and heavily soiled batches. The inference
of this procedure will be apparent as it will be readily appre­
ciated that a single suds operation is sufficient for lightly
soiled articles; a two-wash process for articles of average
soil and a three-wash for the more heavily soiled classifica­
tions. Thus the quantities of detergents required will be
governed, to a large extent, by the number of washing opera­
tions, thereby effecting economy of supplies. A typical wash­
ing formula for towels, etc., was given in the article on “ Bath
Establishment Laundries ” which appeared in “ The Baths
Service” for June, 1949, which can be taken as a guide in
formulating a single or a multi-suds process.

Classification, to a lesser degree, can also be applied to
woollen, rayon and coloured articles. Normally, no difficulty
is experienced in washing articles of this type, with the possible
exception of overalls. Alkali, such as soda ash or metasili­
cate of soda, can be employed to advantage for the removal
of greasy soil in the preliminary stages whereby soap or a
soap product can be used more economically in the final wash
operation.

It is doubtful whether any detergent can be used economi­
cally unless washing machines are maintained in a serviceable
condition. Agitation of the detergent liquor, provided by the
movement of the machine, is a contributory factor in the

••}
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detachment of dirt from clothes. Further, the production of
a lather in a soap process is the usually accepted criterion of
efficient cleansing action. Washing machines which are
allowed to run at too low a speed restrict agitation and fail
to promote a visible lather, with the result that the operator
is inclined to add an unnecessary amount of soap. The
economic use of a detergents and, incidentally, the efficiency
of a washing process, depends upon many factors some of
which can be briefly summarized.

Economic requirements constitute :—
1. An adequate supply of hot and cold soft water.
2. A fairly constant pressure of steam.
3. Sorting and sub-classification of the clothes into

lightly, medium and heavily soiled batches.
4. The appropriate washing treatment for each clas­

sification.
5. Plant maintenance, which includes the washing

machine and accessories such as water level
indicators and thermometers, etc.

6. The loading of the washing machine to the correct
capacity, i.e., in pounds per cubic foot of cage
space.

7. If stock solutions of detergents are used they should
be accurately prepared to a predetermined con­
centration.

8. Soap and alkali should be used in definite propor­
tions or alternatively correctly blended soap
powders may be employed for white work classifi­
cations and woollen articles, etc.

Conclusion
An attempt has been made in this paper, without being too

technical, to describe the types of detergents available for
the washing of clothes. The eventual choice of detergent and
its economical application will depend largely on local condi­
tions over which the supplier has no control. The true assess­
ment of efficiency is performance and cost which can only be
determined in individual plants. It is hoped, however, that
these notes have proved of some assistance to bath super­
intendents who are employed in establishments which are
equipped with laundry plant; and guidance to those who, in
the future, contemplate the additional responsibility of
managing bath laundries and public wash-houses.

The President : Ladies and Gentlemen, I am sure you
will agree that we have just listened to a most excellent
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paper, delivered in a very able manner. Mr. Fenner. I
think, is now ready to answer questions.

Mr. F. M. Brownlee (Islington) : On Page 161, the Writer
states “ For this reason good quality soap powders which
contain the requisite balance of soap and alkali are popular.”
May we know what the correct balance is ?

Mr. Fenner : Practical trials have shown that when
washing white clothes in the commercial type machines,
as used in Bath Establishment Laundries, a correctly
balanced soap powder will give highly satisfactory results.
The proportion of anhydrous soap to alkali is 1 to 2 and
sufficient of the powder should be used in each wash
operation to give an adequate lather.

Mr. Brownlee: If an average sample of hard yellow
soap were analysed what should the result be ?

Mr. Fenner : The Government specification for hard
yellow soap is given in the leaflet No. T.G.23 which can be
obtained from H.M. Stationery Office. Price 3d.

Mr. Brownlee : Is there a simple method of testing hard
soap for fatty acid content, and if so would it apply to soap
powder ?

Mr. Fenner : The examination of soap and soap powders
should be carried out in an analytical laboratory as special
apparatus and technique are required. Methods of sampling
and analysis are given in the leaflet T.G.23. The ether
extraction method for fatty acid content is suitable for soap
and soap powders.

Mr. Brownlee : What are the base fats in order of merit
for—

(a) Toilet soap ?
(b) Hard or boiled soap?

Mr. Fenner : The chief raw materials used in the
manufacture of soap are tallow, palm oil, palm kernel oil,
coconut oil, ground nut oil and cottonseed oil. The oils or
fats are specially refined and blended according to the type of
soap required. Good quality toilet soaps, for example, are
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made from a high proportion of tallow class oils blended
with coconut oil or palm kernel oil. Hard soap, flakes or
pure powdered soap for laundry use are manufactured
from high melting points fats (such as tallow and palm oil)
for high temperature washing processes or a suitable blend
of vegetable oils, nut oils etc., for low temperature washing
processes.

Mr. Brownlee : What fillings are used in the manufacture
of—

(a) Toilet soap ?
(b) Hard or boiled soap ?
Is there a percentage of filling beyond which a reasonably

good soap should not go ?

Mr. Fenner : Toilet soaps of good quality do not contain
an extraneous matter. In some cases small amounts of
perfume, colouring matter or emollient substances may be
incorporated during manufacture. Hard soaps of 63 per cent.
fatty acid content do not contain any ‘ fillings? According
to the Government specification No. T.G.23 the total
impurities in Hard Soap should not exceed 1 per cent.

Mr. F. R. Botham (Manchester): Mr. Fenner is no doubt
aware of the process in connection with the operation of
machines in a public wash-house. These machines take
approximately 25 lb. dry weight of clothing—although many
users expect them to take double that amount—and the
washing period is approximately one hour. Does Mr.
Fenner think that this time could be reduced without any
appreciable loss of quality and so permit more people to
have use of the machines in a period of twelve hours ?

Mr. Fenner : A reduction in time may be possible,
without any appreciable loss of quality, by the addition of
alkali to the initial cold or warm breakdown operation.
Metasilicate of soda may be used in soft water at the rate of
4 oz. to 8 oz. per machine load.

Time Temperature Materials
Breakdown 5 mins. Up to 120°F. Metasilicate 4-8oz.
Hot wash 10 mins. Up to 160°F. Soap Powder
Boil 15 mins. Up to 212°F. Soap Powder
Hot rinse 5 -mins.
Warm rinse 3 mins.
Cold rinse 3 mins.
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In the above process the actual washing time is 41 minutes.
If the conditions permit of a rapid change of wash and rinse
water and taking into account the loading and unloading of
the machine, a total time of 50 to 55 minutes should be
possible for the complete cycle of operations. Alternatively,
in cases where the hot wash and boil operations are
combined over a period of 20 minutes the time of the
breakdown operation may be increased to 10 minutes. The
practice of overloading the machine should be restricted,
as far as possible, as this impairs the efficiency of the wash.

Mr. C. N. Bond( Bournemouth) : The reader has, in my
opinion, passed over the question of synthetic detergents far
too lightly. In areas where water is very or medium hard,
these synthetics are definitely successful and economical.
They are thorough in their work, revive colours and the
finished articles are proved to be hygienically safe. Woollens
are most definitely better washed and treated more kindly
when washed by a good petroleum synthetic than by soap
and alkali.

Will the reader please elaborate as to why he does not
advocate more strongly the use of synthetic detergents.

Mr. Fenner : It is true that the synthetic detergents are
good wetting agents. Further, they are stable in hard water
in that they do not precipitate calcium and magnesium salts.
In the washing of white clothes it is necessary to use alkali
as an adjunct which will react with the hardness in the
water to give insoluble compounds. Synthetic detergents
can be used alone on lightly soiled woollens, silk and rayon
articles. The improvement noted by Mr. Bond i.e. revival of
colour is due, in all probability, to the removal of lime
compounds from the clothes where previously such articles
have been washed in hard water.

The physical defect in products of the type mentioned
is the lack of suspending power in comparison with soap.
Good suspending power is necessary to the production of
whiteness in the washing of soiled linen, more particularly
when the wash liquor is heavily charged with dirt. As
mentioned in the paper, synthetic detergents are still the
subject of study. It is difficult to assess their economic value,
in relation to soap powders, as the cost and the conditions of
application vary to a great deal in public wash-houses. In
laundries, where soft water is available, soap products are
the better proposition both economically and from the
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viewpoint of results.

Mr. A. Cross (Lewisham) : Would the Author recommend
it as good practice when experimenting with a new laundering
process for towel washing, to have a number of new towels
laundered say 20 times (not allowing them to be used between
launderings), then submit them together with new towels
(that have not been laundered) for laboratory tests, to
ascertain whether the new process is the best that could be
obtained.

Mr. Fenner : It is the recognised practice to check or
control washing processes by means of test cloths or new
towels in the way suggested. They can then be examined in
the laboratory for colour retention, the degree of loading,
chemical deterioration and tensile strength loss. By this
method of control it is possible to assess the efficiency of
the washing process or alternatively to detect and rectify
incorrect procedure.

Mr. N. Tams (Stoke Newington): I understand that recent
investigations have shown that it is unnecessary to treat a
‘ dry ’ load first with a cold water ‘ break-down’ because
subsequent detergent processes using a surface active liquor
starts with the disadvantage of having to first displace the
inactive water which has penetrated the fabric. Would
the Author consider it good practice to add soap liquor in
‘ breakdown,’ ‘ hot wash ’ and ‘ boiling processes ’—-where
say, towels are being washed—or dispense altogether with
the ‘ breakdown ’ ?

Mr. Fenner : The addition of soap, alkali or other
detergents will enable water to ‘ wet out ’ or penetrate the
clothes more quickly. The method suggested is advantageous
when washing articles containing greasy soil. It is not likely
to be of much value in the machine washing of slipper bath
towels as the majority are not heavily soiled. The time taken
to saturate the towels with water or to replace the water in
the towels with a detergent solution, is not more than one or
two minutes which is small compared with the total time
of the washing process. If it is a question of time saving
then the breakdown may be omitted and the lightly soiled
towels loaded direct into the machine containing the required
volume of detergent solution.

’Mr. C. T. Smith (Bermondsey): Various reasons have
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been given for the ‘ blacks ’ or ‘ spotting ’ which, for no
obvious reason, appear from time to time in machine
washing. What is the speaker’s opinion for this trouble ?

Mr. Fenner : The black specks referred to are due to
the re-deposition of dirt and suggest a detergent liquor
lacking in suspending power. It is necessary, in washing
operations, to maintain an adequate lather when the dirt
is held in suspension. Sometimes the hardness of the water,
especially in the first rinse, will lower the suspending power
of the liquor and cause dirt and lime scum to form on the
clothes. In such circumstances sufficient soap should be
used in the washing operations to ensure a good ‘ carry over ’
to the initial rinse whereby the dirt and insoluble compounds
are dispersed and not deposited on the clothes.

Mr. J. Hancock (Bristol): Could the speaker say whether
the agitation of the detergent liquor is speedier and more
economic—

(1) by impeller agitation of the detergent liquor through
the articles, or

(2) by mechanical agitation of the articles through the
detergent liquor.

Mr. Fenner : I have no information on this point except
that the results obtained on washing clothes by impeller
agitation of the detergent liquor are comparable to those
obtained by mechanical agitation of the clothes.

Mr. E. R. Sansford (Keighley) : The time factor being of
great importance in Public Wash-houses, each washer being
allowed (usually 1 hour per machine) sub-dividing under
these conditions would appear almost impossible. Could
the writer give a time wash for each sub-division of the
wash ?

Mr. Fenner : It is appreciated that in public wash-houses
the time factor is important and where one hour is allowed
for the hire of a washing machine sub-division of white
clothes into light medium and heavy soil is hardly practicable.
Lightly soiled clothes would require about 30 minutes
processing time (one wash); medium soil—40 minutes (2
washes) and heavy soil 50 minutes (alkaline breakdown and
2 washes) including in each case three rinse operations. The
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flow chart * Classification of Articles before Washing ’ is
intended as a guide for Bath laundries which undertake to
wash linen for other municipal departments.

Mr. C. W. Horsman (Castleford) : Would the reader of
the paper give his opinion of the ratio of gallons of water
per lb. of clothes.

Mr. Fenner : On the basis of a 24in. x 36in. machine
holding 33 lb. dry weight of clothes the volume of water
required would be :—
Breakdown 34 gallons 9 inch water level
First Wash 8 4 ,, ,,
Boil 7 3 „ „ 99

Hot rinse 23 9 „ 99

Warm rinse 23 9 „ 99

Cold rinse 30 12 „ 99

It is assumed that the water is drained away after each
operation although economy of water can be affected by
retaining the last rinse water for the breakdown of the
following batch of clothes. Thus 1-lb. dry weight of clothes
will require just under 4 gallons of water. The hot water
requirements will be about 40 per cent of the total
consumption.

The President : Ladies and Gentlemen, I am sure we
are all grateful to Mr. Fenner for the way in which he has
answered the questions put to him. (Applause.)

Friday, 28th April, 1950—Morning Session.

The President : Ladies and Gentlemen, we now start
upon the last session of the Conference, and it is my pleasure
to call upon dur colleague Mr. H. B. Lightfoot, T.D.,
M.N.A.B.S., General Superintendent, Stretford, to read his
paper “ Methods Recommended for the Repair of Damaged
Concrete Swimming Pools—Including the ‘Cement-Gun'
Method.” (Applause.)
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METHODS RECOMMENDED FOR THE
REPAIR OF DAMAGED CONCRETE

SWIMMING POOLS.
INCLUDING THE CEMENT GUN METHOD.

By

H B. LIGHTFOOT, T.D., M.N.A.B.S. (Stretford)

In presenting this paper to the Conference, 1 do so, not
as an expert on reinforced concrete, but rather to pass on.
some' of the practical experience I have gained as a Baths
Superintendent who has had the misfortune to have swim­
ming pools fail, due to deterioration, earth tremors and
damage due to enemy action, also considerable experience in
both the construction and repair of large reinforced concrete­
structures during my service in the Royal Engineers.

No doubt many Superintendents are finding that
considerable deterioration is taking place in the reinforced
concrete baths and buildings under their control and, as the
possibility of the Minister of Health giving his sanction to
the replacement or construction of new baths is very remote,.
the repairs necessary to maintain these structures becomes a.
very vital problem.

Causes of Deterioration.
1. Insufficient Cover. It is sometimes specified in heavy

concrete construction that the cover of concrete over steel
reinforcement shall be in the region of I in. to 1 in. It is.
apparent that, to arrange such a cover, the steel must be
most carefully placed in order that there shall be no winding
or straying towards the surface of the shuttering. Further,
should the aggregate used be of, say, J in. granite, it is liable
against the shutters to bridge over the stirrups and parts of
the reinforcement and allow the liquid portion of the concrete
to drain through and thus cause the porous patches. The
necessary “ tamping ” required to consolidate the concrete is
difficult to carry out where such small cover is allowed.
Further, all concrete is permeable and in places where
corrosive liquids may accumulate, internal corrosion of the
steel can be more easily set up.

2. Bad Mixing. Good materials may be easily ruined
by insufficient mixing. A mixer is, of course, usual for large
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structures, owing to the labour saved, but a minimum time
limit should be allowed that will permit a particular machine
to make consistent concrete, and this period should be
strictly adhered to. Bad mixing will rapidly affect the
permeability of the concrete, bringing about excessive
aggregate in certain positions.

3. Insufficient Tamping. All concrete should be well
tamped when placed, in order to bring about consolidation
and the minimum of voids. Where this practice is neglected
voids 4 in. in diameter may occur. Tamping also has the
effect of bringing excess water to the surface, where it may
be removed, and of dispersing any accumulation of aggregate
that may have bridged the steel work.

4. Careless Placing of Steel. Reinforced concrete
designers often specify a number of bars to be placed about
2 in. apart. In order to maintain such bars in position
while concrete is filled in, spacing pieces should be used.
Neglect of this provision often means that the bars will
stray together, and leave insufficient room in places for
continuity of concrete strength around them.

5. Excess Water. Excessive use of water in the concrete,
over that required for cement hydration, is probably the
most usual of all errors. Excess water means less tamping,
and that the shuttering can be removed to show a better job.
Further, less materials arc used in carrying out the work,
since the concrete takes up greater space. After the drying
out and the excess water is evaporated, the concrete is left
full of minute voids, and if examined under a magnifying
.glass has every appearance of pumice.

The occurrence of such voids brings about permeable
concrete and infiltration of air and liquids can take place,
with consequent corrosion of the steel.

This last cause of deterioration is most to be feared in
respect of swimming baths, as the water in the baths very
quickly finds its way through the tiling or other covering
and no means are available of ascertaining this until the
damage is visible by cracks in the surface of the covering.

Deterioration reveals itself first by the appearance of fine
cracks that open up as time goes on and extend until pieces
of the structure fall off or, in the case of swimming pools,
continuous cracks appear in the floor or walls of the bath.

It is at once apparent that the cause of this shattering of
the surface is the corrosion of the internal steel, the
consequent growth of the corrosion bursting off the
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surrounding concrete. Should no action be taken, then this
corrosion will extend in all directions along the steel, while
the core may be badly damaged.

Repairs.
An attempt to repair deterioration brought about by such

causes by means of a trowel or float, with cement and sand,
or such materials as “ Pudlo ” cement, or any rapid hardening
cement is quite unsatisfactory. It is not practicable to clear
the surface of the old concrete completely of sand or dust
and to trowel home the new concrete, without air spaces
between the old structure and the repair. Such repairs appear
to do more harm than good, as they often camouflage the
further and extend the deterioration that is taking place.

In 1936 several cracks appeared in one of the swimming
pools under my control, in both the floor and sides of the
bath, and a considerable amount of water was escaping.

The tiling was removed on each side of the crack in the
floor, and it was found that a crack had taken place in the
main concrete base, about J in. wide. From records kept
by the Engineer, I discovered that the first appearance of
these cracks had taken place some three years before. At
that time the tiles had been removed and relaid, and the
whole of the bath walls and floor were well grouted. After
further enquiries, it was discovered that at the time the
cracks first appeared there had been a rather severe earth
tremor in the area, which it was concluded was the initial
cause of the cracks, and the subsequent deterioration of the
concrete base due to the corrosion of the steel reinforcement.

Method of Repair (see Plate 1).
The repairs to this bath were carried out as follows: —
(a) The whole of the tiling and cement rendering thereto

was removed, and where the cracks occurred the
concrete was cut out on each side of the cracks,
exposing the corroded steel, which averaged about
one foot cither side. New concrete was placed after
the steel had been thoroughly scraped and additional
bars placed, and the whole allowed to stand for ten
days.

(b) The bath was then lined completely with two coats,
1 in. thick, of Rock Asphalt, and to the second coat
heavy expanded metal sheets were fixed by means of
galvanised steel staples placed in position whilst the
rock asphalt was still soft. The expanded metal was
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fixed to ensure sufficient adhesion of the cement
rendering for the tiles, after having found by
experiment that the cement would not adhere satis­
factorily to the rock asphalt.

(c) The whole of the bath was then retiled and well
grouted.

This method proved entirely satisfactory, and when this
bath was hit by a land mine during the war, and the building
almost entirely demolished, the swimming pool remained
intact and watertight, and not one tile was displaced, or any
cracks discovered, although the Portland stone coping to
the edge of the bath was lifted in places by the blast.

In November, 1948, at another establishment, when one
of the swimming baths was closed for painting and overhaul,
it was noticed that the level of the water in the bath was
falling at the rate of 6 in. per day, and continued to do so
until the water reached a fine crack in the tiling about 10 ft.
from the deep end of the bath—this crack extended across
the full width of the bath and part way up the walls. This
crack had been seen for some time, but no great loss of
water had been noted. On further examination of the bath
floor further fine cracks were discovered about 6 ft. from
the shallow end. On examination of the walls in the subway
surrounding the bath, little dampness, if any, was visible,
showing that the escaped water had found its way under the
base of the bath.

Whilst in the subway, the beams supporting the cabins,
surrounds and balcony to the bath were also examined, and
it was found that a large number of these had fine hair
cracks visible on the surface of the concrete, extending from
the bath walls almost to the main outside walls of the
building. On tapping these beams, portions of the concrete
flaked off, exposing the steel reinforcement, which showed
considerable signs of corrosion. The result of disturbing
this concrete was that in less than ten days almost 50%
of the concrete had fallen away from 56 of the 64 beams,
exposing in almost all cases the whole of the reinforcement.
This reinforcement consisted originally of f in. steel bars
and, after removal of the corrosion, little more than j in.
remained, making the structure unsafe, although the effective
area of existing steel was sufficient.

Test holes 9 ins. diameter were then drilled in the base
of the bath and also in the floor of the subway around the
bath, and it was found that the water had penetrated to a
considerable depth into the ground supporting the bath.
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It was now realised that the first essential was to allow
this moisture to dry out, and then cement was pumped
under the floor to fill up any voids which may have been
formed by the escaping water. This was carried out by
removing the whole of the tiling to the bath, and drilling
2 ins. diameter holes at 6 ft., centres 2 ft. deep through the
base of the bath (9 ins. thick) both across and the length
of the bath (See Plate 2). Cement was then pumped
through each of these holes, starting at the deep end, at a
pressure of 40 lb. per square inch, until the cement over­
flowed at all holes across the bath. This was continued
throughout the length of the bath.

By this means it was confidently anticipated that the whole
of the voids would be filled and possible further corrosion
of the steel arrested. Approximately 16 tons of cement were
pumped under the bath.

The next problem was the repairs to the beams, and it
was decided to underpin the surrounds and insert steel
girders on stanchions, afterwards cutting out the whole of
the beams and surrounds, and to relay the surrounds in
reinforced concrete.

Estimates were obtained, and it was soon realised that
there would be great difficulty in obtaining the steel girders,
in fact the earliest date of delivery was six months.

For some time the Borough Surveyor had 'been carrying
out repairs to a number of reinforced concrete bridges in
the Borough by means of what is known as “ The Cement-
Gun Method,” with success, and it was decided to apply
this method for the repairs to the beams and surrounds,
and also for the further reinforcement of the inside of the
swimming pool.

Cement Gun Method.
The Cement Gun Method is that of placing concrete by

means of a cement gun. With this apparatus, sand and
cement mixture is impinged into position under air pressure
of about 40 to 50 lb.

The plant comprises an air compressor, a cement gun and
the necessary piping for conveying water, air and material
and a placing nozzle. The air compressor requires to deliver
200 to 250 cubic feet of air at a minimum of 80 lb. pressure.
The cement gun consists of a vessel designed to withstand
at least 60 lb. of air pressure, and comprises two compart­
ments, an upper and a lower, separated by a flap cone
door (see plate 3). There is also a cone door in the top
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of the upper compartment through which cement and sand
can be fed. A rotary feeder driven by an air motor
regulates the flow of dry sand and cement from the lower
chamber to the material pipe. Air pressure about 60 lb. is
turned on with the top door closed, and with the compart­
ments filled with, cement and sand. As the cement and
sand are used from the upper compartment the middle door
is closed, and the air released from the compartment, when
the top door can be opened and a further charge of cement
and sand delivered into the vessel. The top door is then
closed and the pressure returned to the compartment.

The middle door now opens by weight of the charge
and allows the cement and sand to fall into the lower
compartment and so maintains a continuous stream of
cement and sand along the material pipe carried by the air
stream. This mixture is taken in a dry condition to the
placing nozzle (see plate 3). At the placing nozzle is arranged
a ring of water jets directed towards the centre of the nozzle
and, as the mixture passes through, the intensity of the jets
can be varied to allow sufficient water to wet the cement
mixture satisfactorily on delivery. This concrete mixture
is called “ Gunite,” and consists of three parts sand and
one part of rapid hardening cement.

Tests made of the compressive strength of cubes cut
from “ Gunite ” cast slabs showed that with ordinary single
washed sand, a crushing stress of 3,700 lb. (in 7 days) was
obtained, as against the usual 3,000 lb. (7 days) for good
concrete.

The working mixture calls for a quality that will aid
the cementitious properties of the final setting, and should
be entirely free of organic matter and marl particles. In
tests made with double-washed sand, the crushing stress
of similar “ Gunite ” cubes was raised to about 6,000 lb.
Tests have shown that if double-washed Leighton Buzzard
sand is used, the compressive strength of a 3 to 1 mixture,
the remarkable figure of 10,000 lb. after 7 days resulted.

Application of “ Gunite ” for Repairs.
There are several important points to be observed when

applying “ Gunite ” for the repair to ferro-concrete members.
First the whole of the loose concrete should be removed,
and any corrosion chipped away from the exposed steel.
The steel should then be wire brushed. In all cases where
deterioration has taken place on any side or comer of a
stanchion or beam, the repair should extend round all sides
in order to maintain continuity of the lateral strength. On 
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those surfaces to be covered, where no deterioration requires
to be removed, the concrete needs to be roughened to provide
a key for the “ Gunite.” This is best done by means of
pneumatic tools fitted with flat rose bits. These bits chatter
away the surface of the good concrete, and also serve to
indicate any hollowness or looseness that must be cut away.
A reinforcing mesh of spot welded wire fabric 2 ins. x 2 ins.,
or 3 ins. x 3 ins. x 3/i® in. diameter must be fixed to the concrete
with 3 ins. x 4 ins. expansion bolts spaced approximately
30 ins. in each direction, lapping of adjacent sheets to be
at least one and a half meshes, and all laps to be firmly tied
together at intervals not exceeding 18 ins. For depths of
3 ins. or more, over considerable areas, two or more layers
of mesh should be used, the first layer being placed at about
J in. out from the concrete. Prior to applying the “ Gunite,”
the concrete surface must be thoroughly cleaned and washed
down with water and compressed air, and “ Gunite ” applied
whilst the concrete is damp.

Placing of “ Gunite ”
Whilst the sand and cement mixture is carried to the

placing nozzle in a normally dry condition, it will be found
in practice that the sand must not be too low in moisture
content.

The stream of “ Gunite ” should be applied at right angles
from a distance of 2 ft. 6 ins. to 3 ft. The reason for this
is the rebound of the mixture, for, when the stream strikes
the structure, movement still continues, and the sand is
liable to separate out or rebound further than the heavier
and finer cement.

In repairs to beams or stanchions, “Gunite” is applied
first to two opposite sides. Skeleton shuttering made of
4 ins. x 1 in. strips are fixed to two sides of the member,
projecting beyond the face of the comers to a depth equal
to that required for “ Gunite ” on the other sides. “ Gunite ”
is then filled in level to the shutters, allowed to stand
sufficient time for the initial setting to commence—usually
about one hour—and screeded level.

The shutters are then removed and the remaining two
sides are thoroughly cleaned out of all rebound from the
mesh by chipping and washing, and then filled in with
“ Gunite ” to the level of that first placed, and, after setting,
finally screeded as before. (See Plate 4).

As soon as possible after setting has commenced on the
finished job, a final or flash coat may be placed over the
whole area.
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