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LONDON WATER SUPPLY. 

THE sources of the Metropolitan water supply are the Thames, 
58 per cent, the Lee 25 per cent, and deep wells, 17 per cent. The river 
waters have to be purified before they are passed into the direct supply, 
and for this purpose the processes employed for many years were mainly 
storage in reservoirs and filtration at a slow rate through sand filters. 
The deep-well waters were usually of such exceptional purity that they 
could be pumped into supply directly without any purification process. 

Most of the river water had to be pumped once, if not twice, before it 
reached thfl consumer. During the late war the cost of coal advanced to 
an unprecedented extent, and the question arose whether some of the river 
supply might not be chlorinated and pass directly to the filters, instead of 
being pumped up merely to circulate through the storage reservoirs. 

In 1905, Houston had made use of chlorine, derived from chloros, 
to disinfect the Lincoln water supply, and afterwards continued to treat 
the water for two months with 1 in 1,000,000 chlorine with satis
factory results. Encouraged by the success of this experiment, and 
possibly iufluenced by the results obtained with the armies in the field 
during the war, when chlorine was used to stet'ilize the drinking water 
for millions of men without in any way adversely affecting their health, 
Houston determined to try the effect of chlorinating the water in the 
Staines aqueduct and so save the cost of pumping the water up to the 
storage reservoirs. 

It is now fifteen years since the experiment was started, and Houston 
says, in his twenty-fourth report, that since then some two million people 
have been supplied with chlorinated water daily without any complaints 
as regards taste. 

It may be of interest if we give a short account of how this happy result 
was achieved and chlorination adopted for other sources of supply. 

Before May, 1916, it used to be the custom to abstract seventy to 
eighty million gallons of raw Thames water daily and to pass it down the 
Staines aqueduct to the pumping stati~)D, where it was pumped up to the 
storage reservoirs. After circulating through these reservoirs the water 
was allowed to flow down the aqueduct to the Sunbury, Kempton Park, 
Grand Junction and Middlesex works. It was decided to chlorinate the 
water in the Staines aqueduct to such a degree that the bacteriological 
results would be as good as those obtained after storage in the Staines 
reservoirs. Two conditions had to be fulfilled: the water must be free 
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438 London Wate}" Supply 

from objectionable taste and the cost of the chloride of lime used must be 
much less than the cost of the coal required for pumping. 

The standard to be attained was not a high one, as in the stored 
Staines water B. eoU was found in 80 per cent of the 100 cubic centimetre 
samples and in 40 per cent of the 10 cubic centimetre samples. The tests 
in May, 1916, were mainly experimental, but in June a constant dose of 
0'5 part of chlorine per 1,000,000 was given. After treatment some 
70 per cent of the 100 cubic centimetre samples and 99 per cent 
of the' 10 cubic centimetre samples contained no B. coli. - The 
sand filters at the East London, Grand Junction; Kempton Park and 
West Middlesex works received a purer water, bacteriologically, than was 
customary, and they lasted longer without cleaning. The filtered water 
from these works was lSaferand free from any smell, taste or n'oxious 
;ingredient. The saving in cost exceeded £200 a week. 

The conditions of the New River supply in 1916 were very different from 
those of the Thames. The storage was inadequate and the rate of filtration 
was about double that practised at the other works of the Board. On an 
average, as the New River contained a large proportion of well water, the 
filtered water was very good, but when floods occurred in the Lee Valley 
it deteriorated and there seemed no way of improving the results except 
by increasing the storage and the number of filters. The cost of this work 
would be enormous, as the daily output of the New River works was 
:30,000,000 gallons. In these circumstances Houston determined to try 
the effects of chlorinating the water during times of flood. The treatment 
was started in December, 1916, but had to be stopped in January, 1917, 
.owing to the development of taste troubles, which continued for some 
time, as the sand adsorbed taste-producing material. The bacteriological 
Tesults were, however, good, and the treatment was restarted in March 
and continued during the next year. By the exercise of constant vigilance 
:as regards dosage, practically no complaints as to taste were received, but 
at least on one occa'lionthe treated water was on the border line in this 
1:espect. Houston found that taste troubles were more prone to occur in cold 
weather and, as the storage was inadequate and the rate of filtration rapid, 
he commenced experimental work on superchlorination and dechlorination. 
'The chlorinating plant was at, Highfield and the dechlorinating plant (802) 

was at Wood Green, two to three miles lower down the New River, the 
flow occupying about seVen hours. For three weeks all went well, then 
complaints were received 6f a muddy, earthy taste in the Hornsey supply. 
The treatment was stopped, and the taste disappeared in two to' three 
-days. It might be suggested that reduction of the amount of chlorine 
would obviate taste troubles, but Houston did not find this to be the case; 
\I.·eduction sometimes accentuated them. He considered at the time that 
-superchlorination followed by dechlorinatIon was of proved utility, but 
that New River water, so ti'eated might not always be free from taste 
troubles. 
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. In histhii'teenth Research Report, published in 1920, Houston stated 
tHat 118 regards the Thames water, chlorination succeeds better than storage 
oni the average, and is nearly five times superior during the winter months. 
The year 1920 saw the solution of the taste troubles which followed the 
chlorination of the New River water, by the use of potassium permanganate. 
When the floods were at their worst and a dose of chlorine had to be used, 
which was almost certain to be followed by taste troubles, potassium 
permanganate (8 lb. per million gallons) was added just below the point 
where the chlorine was delivered. As the water improved in quality the 
dose of chlorine and permanganate was gradually reduced until the amount 
of chlorine added was too small to cause any taste trouble, when the 
permanganate was stopped. Dechlorination was practised at ,Vood Green 
when the water arriving there centained free chlorine; this, as a rule, only 
happened in very cold weather. 

Houston found that when the iodoform taste had developed dechlorina
tionwas powerless to remove it. The development must be prevented by 
superchlorinatibn followed by dechlorination or by the use of permanganate, 
which may be added before, at the same time, or: Just after the chlorine. 
After the addition of permanganate it is desirable to remove the preci
pitate of manganous oxide by filtration. If permanganate is added before, 
and the chlorine after filtration, an iodoform taste nlay develop. 

Waters vary greatly as regards their susceptibility to taste trouble; with 
some it is almost' impossible to provoke an iodoform taste, with others it 
may be extremely difficult to avoid it. In Houston's experience there is a 
middle dose of chlorine which gives the maximum iodoform taste. Given 
an increase or decrease of the dose, and the taste becomes less perceptible. 

It is usual to chlorinate water after filtration, and this was the process 
adopted in the many water purification plants supplied to the armies in 
France and other area,s durillg the late war. But most of the consumers 
of the London water'supply receive water almost as soon as it enters the 
pressure mains on its way to the service reservoirs, so that it is impossible 
to chlorinate the water after filtration without a large proportion of the 
consumers receiving freshly chlorinated water. In the case of the Chelsea 
works the water is not consumed until after it has left the Putney Heath 
service reservoirs; 

In 1921 it was decided to filter raw river water from an intake near 
8urhiton,and to correct any imperfections in the filtered water by the use 
of chlorine, an emergency permanganate plant being installed to deal with 
any taste troubles'that might arise. The experiment was started in July, 
1921, and continued' uIitilJanuary; 1922, when the turbid nature of the 
raw river water necessitated the use' once more of Chelsea stored water. 
During the period of six months the water contained no B. coli in 100 
cubic centimetres, and there were practically no complaints as regards 
taste by the 300,000 people who drank the water. ' 

'The Board's Deptford, Kent, well enjoyed for many years a high repu-
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440 London Water Supply 

tation for .chemical and bacteriologi9al purity. B. coli could not be found 
in 100 cubic centimetres. In August, 1921, however, B., coli suddenly 
appeared in 100 cubic-centimetre samples, but no caUfle for this could be 
discovered. It WitS decided to chlorinate the water, and with a dose of ,one 
part per 4,000,000, no taste could be detected at the works, though waves 
of taste would appear, not always in the same places. If the dose of 
chlorine wafl increased a chlorinous taste was noticed, and if it was dimin
ished an iodoform ta,ste appeared. Permanganate was not very successful 
in removing the taste trouble, as a dose of 1 lb. per million gallons gave 
the beautifully clear water a pink colour which was considered objection
able. The trouble was got over by using chlorine in the strength of 1 in 
a miJlio~ and dechlorinating with sulphur dioxide. Abont May, 1923, the 
bacteriological quality of the water improved so much that the treatment 
was discontinued, nor has it been found necessary since then to revert to 
chlorination. 

In his report for the year ending March, 1922, Houston wrote that. he 
thought chlorination had a great future before it, and might be used for 
the following purposes: (1) to save the expense of pumping, as at the 
Staines,reservoir where the water was held in reserve and pumping merely 
circulated the wa~er through the reservoir; (2) under ad verse' weather 
conditions, after heavy rain and storms, in the winter months, to prevent 
deterioration of the supply; (3) to enable abandoned sources of supply to 
be used again; (4) during severe frosts, when there may be serious wastage 
owing to broken mains, etc.; (5) during very hot weather, when there is an 
excessive consumption of water, the occa!;;ional use of chlorine may prevent 
deterioration of the snpply through the use of watel' which has not been 
stored. September, October and November are the worst months as regards 
quality of supply, and the use of chlorine in selected ,cases might be 
advantageous in these months. 

When a filter is first put into action the filtrate is usually not good (for 
two or three days) until a film forms. and if the partially purified water 
cannot be run to waste owing to the position of the filter, chlorine might 
be used until a filtrate of the desired quality is obtained. 

There is no evidence that a chlorinated water does not filter as well as 
a stored water. Chlorine retards the growth of algm, and the use of 
chlorinated water has diminished the number of acres of filter beds to b~ 
cleaned. Between 1915 and 1924 there was a reduction of 33 per cent in 
the acreage cleaned. 

Rapid filtration plus chlorination is safer than slow filtration minus 
chlorination. Apart from questions of finance, a chlorination process 
grafted on perfect filtration is the ideal in the present state of our 
knowledge. . 

In March, 1925. Mr. Adams drew attention to effe,cts of phenoloid bodies 
in the atmosphere, derived from gas works or imperfectly burnt coal, on chlor
inated water. These bodies combine with the chlorine and give the water 
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a.n iodoform taste. The reaction did not take place if the water contained 
a little free ammonia. He stated that chlorinated water should not be 
exposed to the air in the proximity of towns or gas works, nor mixed with 
water which has been so exposed. 

In the Board's . laboratories Houston confirmed Adams's results in all 
essential points. . He found that the air of London contains substances 
which when absorbed by water react with chlorine to produce an iodoform, 
taste. To prevent the taste the ammonia should be added in advance of the 
chlorine, a dose of 1 in 10,000,000 may suffice. Ammonia causes a lagging 
effect, but the ultimate results are better than with chlorine alone. As 
regards the pollution of river waters, Houston regards the phenoloid bodies 
in solution in sewage as of more importance than pollution derived from 
the air. In some cases organic matter acts as a corrective factor, but too 
much reliance must not be placed on its presence. 

Ammonia is a taste preventer, and not a taste remover like chlorine and 
permanganate, and its use would appear to be especially indicated in the 
case of well water containing little organic matter, and when the use of 
permanganate for reasons of colour is considered objectionable. 

The suggestion to use ammonia compounds with chlorine was first made 
by Rideal and Race, and we have published some instructive papers on the 
subject by Major Harold. 

Chlorination of the New River, which was usually only practised in the 
winter months, was adopted in June and July, 1926, to see if it would be 
effective in the summer as regards taste and bacteriological results and to 
observe the effect of adding ammonia as well. It was hoped the treatment 
would also keep down the algal growth. Good results were obtained. 

In July, 1929, owing to the unsatisfactory results in samples from the 
West Middlesex filters, it was decided to add sulphate of ammonia to the 
general well at Barnes and chlorine to a general well at Hammersmith. 
Taste trouble at once appeared; this was traced to the fact that certain 
filtered water wells at Barnes had recently been coated wifh some tarry 
paint. The trouble was overcome by removing some of the superficial 
paint in the wells and-increasing the dose of sulphate of ammonia, in terms 
of nitrogen, from 0'2 to 0'4 part per million. 

In October, 1929, Southwark and Vauxhall filtered water was also 
treated with sulphate of ammonia followed by chlorine. When the new 
works at Kempton Park were opened the filtered water from the secondary 
beds was treated in the same way, and provision was made for treating in 
a similar manner the filtered water from the East London (Sunbury) beds. 

Houston states that when chlorination is preceded by ammonia treat
ment, the water reaching the consumer may respond' positively to the 
orthotolidin test. This does not mean that active chlorine is still present. 
It has been found that bacteria will multiply in such a water, and further, 
when phenol 1 in 1,000 is deliberately added there is no development of 
an iodoform taste. 
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At the Walton works raw 'l'hames water is first stored in the Waltoll 
reservoirs and then filtered at a high speed without a 'coagulant through 
primary filters. The watreris then filtered through secondary filters at a 

. higher rate than is customary with slow sand filters. Finally, the water is 
treated with ammonia and then with chlorine. 

Raw Thames water contains B. coli in one cubic centimetre in.80·7 per 
cent of the samples examined. The final filtrate from the general filter 
well at Walton contains no B. coli in 100 cubic centime.tres in 93'6 per 
cent of the samples examined. 

The average rate of filtration through the primary filters is 122'5 gallons 
per square foot per hour, and through the secondary filters 6'02 gallons per 
hour. The primary filters were worked for 47'3 hours between cleanirig, 
and 333'4 miilion gallons of water were filtered through the secondary 
filters per acre cleaned. 

We think Sir Alexander Houston is to be congratulated on the magni
ficent results which have followed on his patient investigations carried on 
for so many years. 

• 
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