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FOREWORD
A symposium on •'Community Water Supply and Waste Dis-

posal'' was held by the Central Public Health Engineering
Research Institute, Nagpur during December 19 to 21, 1966 at
Nagpur,

The symposium was inaugurated by Dr. V. B. Kolte, Vice-
Chancellor, Nagpur University, Nagpur after the welcome
address by Shri R. S. Mehta, Director of the Institute. Prof.
S. J. Arceivala of V. J. T. I., Bombay delivered the key-note
address. Over 200 delegates representing State Governments,
Local Bodies, Research and Educational Institutes attended
the symposium and took active part in the discussions.

The subjects dealt with included: (a) Community Water
Supply; and (b) Community Waste Disposal. The chairmen for
the five technical gle*l$ifcSJife • w"dre> Vils-B. V. Bhoota, Shri P. C.
Bose, Shri U. J. Bhatt, Prof. S. J. Arceivala and Col. (Dr) R.
R. Rao. In all, 33 papers were presents during the symposium.

The procefedings o-f the- symposium are published in two
volumes. The first volume deals wi-th communitiy water supply
while the second deals with community waste disposal. It is
hoped that the information presented in these twp volumes will
be of immense use to all the worker-s conne-c-ted wi«th the problem
of community water supply-, and waste disposal. Supply of
wholesome and pure water to the smal 1 communitieis is of prime
importance in our country. So is the pYoTSTein of disposal
of domestic sewage and other wastes. It is presumed that
the information provided in this booklet will be useful
to research workers, practising engineers, engineers employed
in educational institutions and departments connected with
public health engineering.

Due to unavoidable circumstances the proceeding could not
brought out early and we sincerely hope that the readers would
bear with in this regard.

We extend our heart felt thanks to all those whose
efforts, individually and collectively, have made the Sympo-
sium a great success.

C. A. SASTRY
Convener. Symposium
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Welcome Address

By

Shri R. S- JVfehta, Director, CPHERI, Nagpur

Mr. Vice Chancellor, Participants to the Symposium,
Ladies and Gentlemen,

It is my great pleasure to welcome you all on behalf of the CPHERI
and myself to this Symposium on Community Water Supply and Waste
Disposal.

We are indeed fortunate in having with us the Vice-Chancellor of
the Nagpur University, Dr. Kolte, to inaugurate our symposium. Research
and teaching should always go hand in hand and it has always been the
policy of the Council of Scientific and Industrial Research to exchange
our scientists from research institutions with the university teachers and
vice versa- You are aware> Sir, that we are collaborating with the Visves-
varaya Regional College of Engineering, Nagpur, in organising the post-
graduate course in public health engineering along with the UNESCO.
Our premises^ our well equipped laboratories, our library and specialised
personnel in several disciplines are placed at their disposal. Besides this,
we have scholars working for their doctorate degrees in our laboratory
under our guidance and the University of Nagpur as well as many more
Universities have accepted some of us as post-graduate guides.

We have also organised training courses for chemists and bacterio-
logists in the specialised field of water and, waste water treatment. Every
year we organise a refresher course for engineers who are engaged in the
field of water supplies. One such course has just been completed and
was attended by about 15 engineers from all over the country. These
engineers are also participating in this symposium.

We have in our midst today,, a large number of students from
several post-graduate institutions giving courses in public health engi-
neering along with their professors and I welcome them all to our sym-
posium-

This symposium is a meeting ground of engineers and scientists of
several disciplines engaged in the specialised field and gives us an oppor-
tunity of discussing the latest advances and new techniques. It is indeed
gratifying to see the response to our invitation and I am very happy to
welcome the participants who have come from veiy long distances.
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The subject for discussion in this symposium will be "Community
Water Supply and Waste Disposal"' and I should like to say a few words
on this important subject.

From times immemorial, the great need of a community was its
water supply, and a high value has been set upon an abundant and pure
water source. Centres of population,and culture sprang up in ancient
times around those points where theL water was readily available and
great expenditures were made to transport it to places where it was not
naturally plentiful.

Community Water Supply has become a critical factor in public
health and economic development in most parts of the v/orld, particularly
in the developing countries.

An aggregation of houses which by virtue of their proximity, if
economically served with a water supply system, is called "Community
Water Supply". This definition is applicable to rural as well as to urban
areas. It presupposes safe and adequate amount of water. The main
.purpose for assuring safe and protected water supply to the communities
is to ensure that they get this amenity into their houses, if possible, or at
least in the neighbourhood so that the water would be easily available
and would result into reduction in water-borne diseases. Cholera,
Typhoid, Dysenteries and Diohrreas have been completely eradicated in
the developed countries by concerted effort of many years and this has to
be done in India in the shortest possible time.

Vital statistics of mortality and morbidity are not adequately
maintained in our country and this does not enable us to bring the glaring
facts and the advantages of protected water supplies to the communities.
From the figures available in the developing countries and the last few
years' experience in our country, there is not the slightest doubt that
enteric diseases can be almost completely eradicated with protected water
supplies. The World Health Organisation publication on "Urban Water
Supply-Conditions and Needs in 75 Developing Countries" gives a true
picture of the conditions ir, urban towns in such developing countries and
the magnitude of the problem, this part of the world, has to face in future.
The water supplies have to be simple, cheap and installed rapidly without
sacrificing the reliability and safety.

The urbanisation and industrialization of several areas in the deve-
loping countries has made it into a global issue. In India, with a popula-
tion of 440 million, and with some 80 million people living in the urban
communities and 360 million in the rural areas, the problem of supplying
water is stupendous- There is a large backlog of many years and the
population explosion at the rate of about 2.5 to 3-5 per cent per annum,
with the rapid urbanisation and industrialisation, has created problems
which need adequate financial support. Unless a bold policy is adopted
and proper priorities given, we shall face a crisis unknown in the history.



[n India, it has been reported that 33.9 per cent of the urban water sup-
plies are satisfactory, 26.3 per cent inadequate and 39.9 per cent do not
get water supply at all. On the rural side, the percentage of people
who have been supplied with protected water supplies are not correctly
known and most of these supplies are entirely unprotected. Even after
20 years of Independence, a large majority of the population in the rural
areas goes without safe water supplies and no means of disposal of
wastes

The following figures give the distribution of the population m
communities of different sizes for both urban and rural population :

TABLE 'A—URBAN WATER SUPPLY

POPULATION GROUP NO. OF TOWNS

Over 100,000 each 113
Eetween 50.000—100,000 137
Between 20,000—50,000 487
Less than 20,000 each 1,714

TABLE 'B'—RURAL WATER SUPPLY

Population No. of % of Total %
Group Villages Total Population

in thousands

Less
500

1000

2000

5000

than 500
— 1000

— 2000
— 5000

— 10000

380,019
104,268

51,769

20,508

3,101

559,665

68.0
18.6

9.3

3.6

0.5

100

78,348
72,921

71,156

59,109

20,754

302^288

26
24.2
23.5

19.5

6.8

100

Almost all the major towns in India with a population of more
than 100,000 people are getting water supplies that are intermittent,
though some of these supplies are properly treated and disinfected. The
pressures, however, are not always adequate and continuous, and this is a
health hazard as there is a possibility of the water quality deteriorating

ijt in the distribution system. Due to this and the high temperature condi-
tions in the summer months, the residual chlorine is not always found at
the tap. This category comes within the 33.9 per cent of the urban water
supplies that are stated to be "satisfactory". Calcutta, Bombay, Madras,
Delhi, Ahmedabad, Kanpur, Nagpur, etc. come under this category and
it is well known to us that in all these towns the population has increas-
ed tremendously along with the industries and the. supplies are inter*
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mit tent and grossly inadequate. In smaller towns and cities condi-
tions are much worse as the supplies are intermit tent and mostly in-
adequate-

The problem in the ru ra l areas is far from satisfactory. Most of
the villages depend on well water supplies, though some at tempt has
been made to improve the wells and make it into sanitary wells. Some
efforts have also been made to provide hand pumps. Where the supplies
are from underground sources, the quality of water is not very unsatis-
factory but where the supplies are from open dug wells, the quality in- ?
variably deteriorates in certain seasons. Disinfection of rural wells has
yet to be systematically organised. There are regions in this country ,
where the water is highly brackish or contains large amount of iron or A
Large amount of fluorides. Such waters are not satisfactory from the
heal th standards.

The authorities are well aware of the dangers of dug wells even
though they are. partially protected. The bucket and rope is not an
approved method of d rawing and carrying water and the heal th hazards
involved are also too well known. Hand pumps have been installed in.
many areas but the maintenance has not been generally satisfactory-

Efforts are being made to develop scientific methods of disinfection
of wells which would be acceptable to the rural population and which
would be economical. Methods for removing the brackishness of waters,
iron and fluorides are also being developed. But the multiple agencies
responsible for the development of rural water supplies make this pro-
blem very complicated. Work is being done on solar distillation and
desalinisation, bu t the cost of production is still very high and more in-
tensive research is needed in bringing down the cost.

On the water t r ea tment side, lot of progress has been made in the
last few years. Today, we are in a position to manufacture all the equip-
ment needed for water t r ea tment in our country, but the prices of such
equipment are too high for smaller communities. By more economical
designs of flocculation and clarification equipment and by non-conven-
tional designs of rapid filters and disinfection, many more communities
would be able to avail of this amenity. Cheaper and more suitable coa-
gulants could be used if t he qualities of the waters are correctly evaluat-
ed- .

Regarding the ground water supplies, we have carried out very ^
litt le work- I t is necessary to have a detailed Ground Water Map of our
country. Such supplies are very much more economical as they do away Jj)
with the t reatment of water . Some work is being done to. improve the v,
s trainers for the tubewells but very much more remains yet to be done.

•Coming to the problem of water resources, we have to recognise
the fact that majority of our rivers are non-perennial. We have storage
reservoirs which are not properly protected. The seasonal rainfalls in our
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country make the water resources problem very critical, especially in the
summer months, when the demand of water is at its maximum. We have
in India some large perennial rivers but a major part of their waters is
committed to irrigation requirements; with the result that the towns
situated downstream get little or no water at all. This is true of the
areas served by important rivers like the Ganga. Yamuna, Godavari,
Krishna and Kaveri,. etc. The water from the main river is diverted into
the irrigation canals especially during the summer months with the
result that the water supplies go dry in the towns situated downstream.
Many instances can be quoted such as Delhi, Agra, Kanpur, etc

There are areas where there is very scanty rainfall as in Rajasthan
and some parts of Gujarat, Kutch, Maharashtra, etc. where critical situa-
tions develop every time the rainfall is not adequate and the people have
to sometimes migrate to other places with their kith and kin with a
great economic loss to them. Alternate sources of water have to be in-
vestigated for such semi-arid regions.

The problem of water resources and water pollution cannot be
separated. With the phenomenal increase in the population and the
rapid trends towards urbanisation and industrialisation and the consequ-
ent concentration of population, the problem of water pollution has be-
come very critical. Streams which were clean and carrying good water
are today highly polluted. The untreated domestic wastes—sewage and
storm water—flow into the rivers as well as the concentrated discharges
from factories carrying a high BOD and suspended solids. This makes
the problem of water treatment very much more complicated and expen-
sive Very few towns in our country have underground sewerage system
and sewage treatment plants- Even in the towns with underground sewe-
rage, the disposal of the sewage is mostly on sewage farms or into the
nearest stream. The Municipal Corporations and Municipalities have
meagre resources and have not given any priority to the waste water
treatment. Cheaper and yet efficient method of waste water treatment is .
available and should be popularised. All the communities that are sewered
must treat their effluents upto a specified standard and then discharge it
into streams. For small communities Oxidation Ponds and Oxidation Dit-
ches are good solutions and should be popularised. We have also to consi-
der the utilisation of sewage effluents for irrigation and the by-products
from the treatment of sewage, sludge and industrial wastes. Treated sewa-
ge can be profitably used for growing more crops. The utilisation of gases
from decomposition of sludge, utilisation of dried sludge as a fertilizer
and soil conditioner and many more by-products from the waste water
treatment plants can be utilised and would result into substantial reve-
nues- Composting of domestic refuse along with the sewage sludge and
digestion of night-soil would also give some returns and provide hygienic
disposal. The temperature and sunshine conditions in our country are
more favourable for waste disposal and this should be scientifically har-
nessed.
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Many of these subjects will be discussed in the symposium during
the three days as can be seen from the Abstracts of Papers which are
made available to you.

In the end, I would like to state that this problem of 'Community
Water Supply and Waste Disposal' needs to be given a very high priority.
These schemes may not show immediate returns but would indirectly
pay rich dividends by ensuring better health of the community and by
the general happiness it will bring to mankind.

May I request now the Vice Chancellor. Dr. V. B- Kolte to inaugu-
rate the symposium-
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Inaugural Address

By

Dr. V. B. Kolte,
Vice-Chancellor, Nagpur University, Nagpur

Shri Mehta, Ladies and Gentlemen,

Being in the academic line for the past 30 years, it had been a great
pleasure for me to see new educational and research institutions coming
up in and around Nagpur. I have been watching with great interest, the
coming up and growth of a National Institute on Public Health Engineer-
ing in Nagpur. It is gratifying to know that the Institute is doing im-
mensely good work on different aspects of water supply and waste dis-
posal, and this work will be useful not only to the area around Nagpur
but to the whole country at large. I was very happy to hear that the
•ivork carried out by the Institute on Oxidation Pond treatment of sewage
and on industrial waste treatment has brought good name to the Institute.

It is my proud privilege to be here amongst you to inaugurate this
very important symposium on Community Water Supply and Waste Dis-
posal. This subject is of immense interest not only to the Engineers and
Scientists but also to the common man- As you are all aware India is a
country of villages and 80-85 per cent of our population lives in them as
small communities. The Father of our Nation, Gandhiji had rightly
pointed out that India lives in villages. Our country cannot march for-
ward in individual prosperity if the villages are not uplifted from their
present position- Unless diseases are eradicated from the village popula-
tion, the overall progress of our country will be hampered.

Water supply and sanitary measures are essential requisites of the
community life of a civilised country. The purity of water for human use
finds mention even in the Rigveda, Civilization through the ages has
been ;n quest for pure water. Emperors and Administrators attached
special importance for provision of good water for their citizens. That,
water can act as a vehicle for the transmission of disease, was rediscover-
ed by the scientific world in recent centuries- In our homes whether in
the city or in the village water is essential for cleanliness and health.
Every activity of man involves some use of water. Water is of course
absolutely essential to life—not only to human life but to all life, both
animals and plants- Indeed, it is a part of life itself, since tho protoplasm
of most of living cells contains about 80 per cent water and any sub-
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stantial reduction in this percentage is disastrous. Most of the biochemi-
cal reactions that occur in the metabolism and growth of living cells in-
volve water and all of them take place in water. Water has often been
referred to as the 'universal solvent.' Yet, man's assessment of the value
of water JS very low until he finds himself without it, as righi'y mention-
ed by Lord Byron and Don Juan "Till taught by pain man really knows
not what gooa water's worth." , •

It is scarcely necessary to detail the relation of water supply to
public health. Water is of primary importance in the transmission of
intestinal diseases like Cholera, Typhoid and Dysentery. The lack of
abundant water of good quality for bathing and cleansing is normally
1 elated to the prevalence of worm infestations, skin infestations and pro-
bably Trachoma- Any experienced doctor, from his own knowledge may
give many examples of the relationship of bad water to bad health, to
high morbidity and mortality rates, and to loss of productive working
time

In addition to these, it is well known that water supply is an eco-
nomic asset to a community. A good water supply increases propriety

" values," encourages the construction of higher valued buildings, attracts
profitable industries and thereby. improves individual prosperity of the
community. In view of these, it is absolutely necessary that we should
devise ways and means of providing safe water supply to our communi-
ties at large. The overall picture at the moment in the country regarding
supply of water and its quality is extremely depressing. Most of the
villagers still depend upon time old tanks, ponds and wells for all thejr

' water supply needs and where no such sources exist, the villagers have to
trek for miles in search of drinking water- It is well known that in many
regions of our country, a major part of the day is spent by our women-
folk in transporting water for domestic consumption. If we want to im-
prove ,the situation, we should make an all out and integrated effort to
solve this vast problem of supplying our rural population with safe and
.clean water.

The vastness of the area can be understood by looking at the census
,figiires in 1.961 according to which there are about 360 million of our

. countrymen living in 55,970 villages forming roughly 81 per cent of the
country's total population- The technical, administrative, financial, pro-
ceduijal and maintenance problems of a programme to encompass the

.. entire rural area are a challenge to effective planning.

Some of the methods, equipment and basic design factors develop-
ed" by'Western countries are not readily applicable under conditions H
available in our country. We should make efforts to evolve simple and
easy systems of water treatment and distribution and of preservation of
water resources which are inexpensive to construct and simple to operate
and maintain. To this end; there is an urgent need for research and deve-
lopment and for a realistic reappraisal of the fundamental basis of engi-



heering design. I am happy to know that the symposium is being con-
ducted with this in view and that it gives an opportunity to the engi-
neers, scientists and public health administrators to come together and
discuss ways and means of solving these problems.

In addition to the supply of clean and safe water, it will be neces-
sary to safeguard the health of the community by providing all homes
(whether in villages or in cities) with some sort of sanitary means of
sewage disposal- Many communicable (human) diseases can be spread
from person to person through contact with human excrements or thro-
ugh the medium of animals, flies and insects which carry the disease—
causing microorganisms. Improper waste disposal systems will also cause
pollution of drinking water supply and thus spread disease. The best
method of sewage disposal would of course be by means of underground
water carriage system which terminates in a sewage treatment plant-
But this will be too expensive for small communities. There is a need
for evolving simple and economic methods of sewage disposal from indi-
vidual homes. I am glad to know that some papers in this symposium
are devoted to this subject. The findings reported therein will be very
useful to the country at large.

In problems connected with community waste disposal, the disposal
of night-soil finds a very important place. Many of our cities and towns
and almost all of our villages are not provided with underground water
carriage system- They are only served by a sort of dry conservancy sys-
tem which poses the problem of hygienic disposal of night-soil. Large
amount of work on this aspect has been done in countries like Japan,
China and Korea. In India, very little work is done on the hygienic
means of carrying night-soil as well as its disposal. I hope, the learned
delegates who are attending the symposium will keep this in their view
and try to discuss out the problems involved in this.

Last but not least in importance in the overall community disposal
programme is the disposal of garbage and refuse. Careless handling of
garbage,, as is done in most of our villages, towns or cities, attracts rats
and other rodents and provides breeding spaces for flies and sometimes
mosquitoes. In some of the cities, garbage is collected at regular inter-
vals and hauled away to a disposal plant. Such facilities are not existing
in small communities. Most of the public health authorities seem to feel
that the problem of garbage collection and disposal in smaller communi-
ties is one of individual family to workout- But if the garbage can be
collected in a systematic way and composted, it will go a long way in
solving the problem of food scarcity. I am happy to know that some
papers are being presented on this aspect also.

In view of our determined efforts for industrialization and improve-
ment of standards of living of the population^ we will have to increase
the supply of protected and piped water and extend this facility to smaller
communities. This can be done by a two-pronged attack; (1) by main-
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taining our rivers and streams clean or by resorting to new resources like
ground water resources; and (2) by evolving simple and economic me-
thods of water supply.

Taking into consideration the huge financial requirements for the
construction of community water supplies required to mefet the speedily
growing communities, I suggest that the designers of community water
supplies should make the fullest possible use of the locally produced
items. The use of substitute materials does not necessarily impair the
usefulness of the system. Concrete or asbestos cement pipe for example
can usually be substituted for cast iron pipes. Plastic pipes can be used
extensively in small systems. Increased use of substitute materials will
encourage local manufacturer. I also suggest that all public water supply
schemes should be managed and operated, in accordance with sound prin-
ciples of business administration. There is a need to correct the concent
that water, like air, is free and should be provided without charge. This
concept seems to exist throughout India and particularly in rural areas-
This situation must be corrected by education and clear explanations of
the fundamental economics involved. Water in nature is free but its
collection, purification and distribution uh'der pressure in individual
homes cost money and must be paid for. I also feel that in view of seri-
ous shortages of public health or sanitary engineers or water works ope-
rators and technicians, and skilled workers, there should be training pro-
grammes, preferably by Institutes like the Central Public Health Engi-
neering Research Institute in collaboration with Universities and other
Institutions. In this connection, I am happy to say that the Central Pub-
lic Health Engineering Research Institute is already collaborating with
the Visvesvaraya Regional College of Engineering of Nagpur in conduct-
ing post-graduate courses in Public Health Engineering leading to M.E.
and PhD. degrees. There is also a need to intensify the research activi-
ties with a view to devising and developing systems of water treatment
and distribution which are inexpensive to construct and simple to operate
and mantain- I don't think I need to emphasise the importance of the
symposium any further.

I am extremely happy to be amongst people who are dedicated to
science and engineering related to community water supply and waste
disposal. I am sure, the information that the delegates are going to pre-
sent at this symposium will be of immense value to the Nation. I am
inded very glad to inaugurate this symposium.



Dr. V. B. Kolte, Vice-Chancellor, Nagpur University who inaugurated the Symposium
going1 rcund the exhibition alongwith Shri R. S. Mehta
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Key-Note Speech

by

Prof- S- J. Arceivala
V.J.T.I., Bombay

THE CHAIRMAN, THE DIRECTOR, DISTINGUISHED GUESTS My
COLLEAGUES, LADIES & GENTLEMEN :

I am grateful and happy to be here this morning—grateful that the
Central Public Health Engineering Research Institute has asked me to
deliver the Keynote address this year, and happy that we are having an-
other Conference of this magnitude, once again, this year.

At the outset, I am sure, you will join me in expressing. p,̂ r sincere
appreciation and gratitude to the CPHERI which has been taking great
pains every year to organise a Symposium for us. In fact, I am sure, the
whole Public Health Engineering profession is thankful to them for giv-
ing us this steady diet of a Symposium a year which like the proverbial
"apple a day" has been helping to keep us professionally healthy'

Progress in 13 years :

Many of my Senior colleagues will bear me out if I were to say that
Public Health Engineering in India was in a latent or lag phase until as
late as 1953, except for a few brilliant flashes here and there in the coun-
try- Then in 1953 the Delhi Seminar organised with WHO's assistance can
be recalled as a glorious landmark from which time onwards Public Health
Engineering has continued to grow rapidly at a geometric rate of growth.
With the starting of the 'Central Public Health Engineering Organisation
in 1955 and of the Central Public Health Engineering Research Institute in
1959 other important landmarks of progress were established.

Many will recall that only thirteen years ago it was difficult to get
even two or three Papers published in a year. Today we receive so many
that we have to review them and refuse some., Today we have over 500
well-qualified persons who have undergone specialised training in Public
Health Engineering at post-graduate level. In the next five years we will
spend more money on Public Health Engineering projects than what we
have spent in all the preceding hundred years put together.

The future belongs to

If this can happen in just thirteen years, we could perhaps ask the
question, what will happen in the next thirteen years? I do not profess to
be a fortune-teller. I only believe that the future belongs to those who



prepare for it. To prepare effectively we must be able to judge what the
modern trends are, to find the direction in which this profession is drifting-
It willj therefore, not be out of place to use this occasion to assess the mo-
dern trends in Public Health Engineering.

To my mind, the biggest change that ha9 taken place in our pro-
fession is that the "rule of thumb" era is rapidly yielding to rationality;
innovation and design for economy. The old time-honoured assumptions
are being challenged and new answers have to be found in keeping with
the technological advances of the times. The new trends as I see them can
be grouped under three headings:—

(1) Automation
(2) Optimisation
(3) Process Design.

I will now give some examples under each category to illustrate how
they are setting the new trend :

Automation

This is perhaps of least immediate interest to us, but we will not be
able to shut our eyes for too long. Wherever automation can help us to
reduce overall costs of a system, we will have to welcome it. Besides, the
higher rates of process loading make it essential to adopt a certain amount
of automation for proper control of the process- With high-rate filtration,
high-rate digestion, high-rate activated sludge and so on, controls are get-
ting sophisticated. In the treatment of industrial wastes batch treatment
is giving way to continuous flow methods wherever proper instrumenta-
tion is available- The latter has helped to reduce costs substantially where
lar^e flows are involved.

Some examples of instrumentation and automation are :
(1) Residual chlorine monitoring and feed-back of data to adjust

chlorine doses to get the desired residual values. Similarly, pH
actuated dosing control.

(2) Continuous recording turbidimeter to monitor high-rate filter
turbidity and set off back-washing sequences automatically at
pre-determined turbidity values.

(3) Distribution network control.
(4) Water distillation which is up and coming, will not be feasible

without a high degree of automation.
(5) Closed-circuit television has made it possible to inspect sewers

and other relatively inaccessible operations.
(6) In an effort to separate combined sewers in the older cities of

the world, new concepts are being tried out to lay small sewers
within big sewers to take advantage of the latest advances in
pumping & piping. All of this will require more automation-
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Optimisation:

This is a new field which Public Health Engineers in India will have
to take very seriously. With the development of electronic computers, it
has now become possible to subject complicated problems to a mathemati-
cal analysis so as to obtain the optimum solution—the maximum benefit at
the minimum overall cost. This is also referred to as "Operations Resear-
ch" of "Systems Analysis". Some notable examples are—

1. The design of optimum networks for distribution systems, not
just solving by Hardy-cross method but getting the cheapest
overall solution to a given problem.

2. Optimisation of treatment units so that overall treatment costs
are least.

3- The study of river systems which supply water as well as re-
ceive waste waters from several communities, so as to ensure
optimum use and re-use of water.

This is a new tool in the hands of the Public Health Engineers and
there can be no excuse whatsoever for not using it. Electronic computers
are already available to us in India in the larger cities and Universities.
We have only to learn how to use them. This is one thing in which after
learning we could immediately find application for it. Once we see how
this technique helps to save money, usage will become widespread. With
this view in mind I am very happy to report that from the last month we
have just started a course at my V.J-T- Institute on "Operations Research
and Computer Programming", specially designed for Public Health Engi-
neers. It is an optional subject offered under our post-graduate programme
and has evinced considerable interest among the Staff and students alike.

Process Design:

Great strides are being taken in developing new processes and re-
fining and rationalising the existing processes, and we in India cannot
afford to be left behind. .One thing is apparent, the initiative seems to be
passing from the traditional Civil Engineers to the Chemical Engineers.

I will give some examples from the field of sewage and industrial
waste treatment in which I have considerable interest.

1. New concepts have been developed for separation of solids,
drawing heavily on the experience of chemical and metallurgi-
cal Engineers. The hydraulic engineers approach of controlling
velocities has not been enough in all situations and has been
replaced or supplemented by the Chemical Engineer's approach
of centrifugal action, flotation etc

2. The use of plastic medium in tricking filters.

3. Complete-mixing activating sludge.
4. Extended aeration which shows great promise in India.
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5. High-rate digestion with re-circulation of digesting sludge to
give increased solids retention time.

6 Zimmermann Process for wet oxidation of sludge.
7. Ultra-filtration membrane using reverse Osmosis process for

purification of sewage.

In the years to come, there will be less and less of Civil Engineering
structures, and more and more of process mechanisation to give compact,
high-rate plants. This is best illustrated by the Zimmermann process and
the ultra-filtration membrane process where one could well ask: 'Where is
there any Civil engineering in this?' The traditionaLCivil Engineer who is
perhaps most often only acquainted with pumps and mixers will have to
widen his horizons to take in these newer developments.

Education & Research in the future :

What I have given above are only a few pointers to the future and
we will have to gear our whole planning particularly of education and re-
search, to meet the needs of the future. Both these aspects, namely ed)u-
cation and research are dear to me, and it is my humble submission that
we must re-orientate them more fully to meet the rapidly changing trends,
so that we do not lag behind the world any. more in our field.

The question is : how are we going to re-orientate our educational
programmes to achieve these laudable objectives? To this the answer is
perhaps that we must educate better the educators themselves. Given all
the usual physical facilities we soon find that in the final analysis it is the
STAFF that matters. The same is true for research institutions, and I am
sure that no one is more keenly aware of this fact than our Director, Shri
R. S. Mehta himself.

Teaching of Public Health Engineering at post-graduate level is
quite, different from teaching it at under-graduate level. The need for a
heterogenous faculty to cover all the major facets of Public Health Engi-
neering has to be appreciated and new institutions would do well not to
rush in without considering all the difficulties involved in organising a
strong faculty.

Research in Universities:

To attract the best teachers and sustain their continued interest it is
very necessary to remember that teaching work needs to be supplemented
by research and consultation work. Adequate pay scales, although helpful,
do not always ensure that the best talent will be attracted. Man does not
live by bread alone. He needs a challenging environment. And we must
not fail the young men who come into the teaching profession.

•

For this purpose, we must have an imaginative research programme.
Give more generous allocation of funds for sponsored research in Universi-
ties on a continuing basis from all national agencies interested in Public,
Health Engineering programmes-



Here I would like to mention that the CPHERI, a very good organi-
sation as it is, would yet greatly benefit if it were to harness the resources
available in the Universities, to get more research work done. Particular-
ly in those Universities where post-graduate courses are running, there
exists a trained group of staff and students, with considerable enthusiasm
who would like to be partners with CPHERI in its research activities and
whose aspirations must not be overlooked. Suitable research problems
could be framed out to them by the CPHERI at little or no cost. Such an
arrangement would be of' great benefit to all concerned and foster a heal-
thy spirit of family kinderedship among all the research workers in our
field. We are after all so few, we must pool our resources together.

Freedom to participate in useful consultation work helps to expose
the teacher to "live" problems and improve his perspective since there is
always a considerable gap between theory and practice. It is grtatifying
to note that this is being increasingly allowed and encouraged in many
institutions and the Education Commission has also endorsed it.

Interesting work for the interested :

Considering the fact that we in India already produce a large num-
ber of Public Health Engineers with post-graduate training, second in
numbers only to the United States, it behoves us to find out how1 thev are
faring in practice. Upon my own initiative I have asked them questions
on a number of occasions and have come to the sorry conclusion that many
of them have developed a sense of frustration. Many of our post-graduates
feel that interesting opportunities have not come their way in keeping with
their educational attainments.

Many of these highly trained engineers feel that they are designing
only simple^ rural water supply schemes, laying pipes, building pump-
houses and sumps and checking residual chlorine' which any ordinary Civil
Engineer could have done. Some feel that M.E.'s are being used to do the
work of B.E.'s and B.E's to do the work of diploma holders.

This is perhaps because the most interesting part of a Public Health
Engineering specialist's duties namely, the designing of water and sewage
treatment plants, is generally not being done by our practising engineers
but by only a few contracting firms. The reversal of this trend will put
more life in the young, highly trained Public Health Engineers of our
country. They will find a renewal of interest in their specialised subject.
They will go back to the libraries and refer journals. They will be ab-
sorbed in a very rewarding experience- The ability to design water,
sewage and industrial waste treatment processes is what marks a Public
Health Engineer as something distinct from the traditional Civil Engineer.

Innovation in designs:

If we learn to design our treatment plants instead of asking the ten-
derers to design them, we will incidentally reap a rich harvest of new
ideas and innovations. Designs furnished by contractors although techni-
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cally sound,- have perforce to remain conventional iri most cases. Contract
tors are unfortunately in such a position that they find it difficult to put
across new ideas or use any design criteria which is not time-honoured.
How can we accelerate the pace of development in this field unless we
change this practice?

Education and practice:

One cannot help reflecting with a slight sense of fear, that merely
changing our educational curriculum to include new subjects like "Opera-
tions research and Computer programming" will only add to the frustra-
tions of our young engineers unless they find encouragement to use their
newly acquired knowledge and techniques. Education and practice have
to go hand in hand. Our Universities and. I.I.T-'s are quite capable of
giving a highly sophisticated product, well trained in all the latest techni-
ques. The question is whether the Public Health Engineering profession is
ready for this kind of engineer. It will be a pitiable waste of human re-
sources if we are not.

Education and research:

Education and research have great similarities. Both are in the pur-
suit of knowledge. Both have their ultimate goal in improvement of pro-
fessional practice- It is in the fitness of things that some of our best brains
are today engaged in research work. But we are yet only beginning to
learn the MODUS OPFRA.NDIof this type of work. In some instances we
are doing not research but only investigational work. In some cases we
arc repeating what has been done elsewhere. We have yet to make our
mark in this field and I have no doubt that in course of time we will make
our mark and place India on the World map for Public Health Engineering
research.

To bring that day closer, it is my humble suggestion that we must
take into account the modern trends which I outlined earlier. If we are to
attract world attention as the Russians did after launching their Sputnik,
we, Public Health Engineers, will have to launch our "Sputnik" so. to speak.
This we cannot do by going on the beaten path. We must harness new
tools like computers and develop new processes with an entirely new ap-
proach- This will not be easy, but someday, it will be extremely reward-
ing, giving us renewed confidence in our abilities.

In this great task I would like to assure that my service will always
be available in any required capacity, at any time.

With these words I would like to conclude, thanking you all for
giving me a patient hearing, and also thanking the organisers for giving
me this opportunity today to speak before you and share these thoughts,
on the occasion of this very useful Symposium. I wish them the fullest
measure of success, and hope and pray that there will be many more such
Symposia in future.
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Community Water Supplies
Witfi Special 'Reference tO''Uttar Pradesh

H. P. GHOSE
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No one knows just how or when
the miracle of life first happened,
but scientists agree that life began
in the waters of an :ancient .sea.
Without water, life cannot continue.
The first ̂ iyilj^a&oji grew in the river
v-aUeys—the Nile, the Tigris and
Euphrates, the Indus and the Ganges.
Search for safe drinking water con-
tinued over the ages. The earliest
method of artificial water supply in
ancient times was from wells, a men-
tion of which has been made in
Rig Vecta which dates from 4000
years B.C. and Sushrita Sanhita, a
Sanskrit Medical lore dated 2000 B.C.,
wherein it has been mentioned that
"it is good to keep water in copper
vessels, expose it to sunlight and filter
it through charcoal."

Nature has given.us abundant water
supply in the forms of rivers, streams,
springs, lakes and ground water re-
servoirs. The water falls upon the
earth >in the form of rain. It runs
its.life giving.course and then it is
drawn .back into +he air soon to fall
again. This is the water cycle. Water
which has fallen as rain is partly
taken up by vegetation, partly by
earth, partly by surface streams and
lakes and finally the overflow reaches
the ocean. About one fifth of the

atmospheric moisture which falls as
rain is evaporated directly from the
ocean surfaces. The remaining four
fifths come from the other bodies of
water, vegetation and the earth.
The water is often referred to as the
"Universal Solvent" because of its
tendency to dissolve all things with
which it comes in contact viz. gases as
it falls through air, minerals as it per-
colates through the earth materials as
ground water etc. The quality of na-
tural waters depends on its content of
impurities. Chemical analysis reveals
the quality and quantity to the extent
that dissolved minerals, gases affect it
and make it suitable or otherwise for
human consumption. The important
facts are generally obtained with the
determination of (i) pH value
(ii) free carbon dioxide (iii) hydro-
gen sulphide (iv) phenolpthalein
alkalinity (v) methyl orange alkali-
nity (vi) total hardness (vii) chlori-
des and (viii) total iron. For specific
water, determination of dissolved
oxygen, toxic and harmful compounds
like lead, arsenic, zinc, copper, fluori-
des and iodides etc. may be necessary
to find out what treatment or addition
of specific compounds are necessary
to render the water fit for human con-
sumption.
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The primary function of a water
supply is to promote health, which as
per earlier notion meant "absence of
disease". However in 1945, the World
Health Organisaion has given a far
more reaching and positive definition.
"Health is a status of optimal mental,
physical and social well being." From
this standpoint a water supply has to
respond to much higher standards. On
this basis the community should de-
mand water not only exempt from
illness causing effects, but also an
attractive water from physical stand-
point, clear, non-coloured, reasonably
cool, palatable and not too hard.

The bacteriological quality is most
important in relation to health. Water
borne diseases can be divided into
three separate classifications. Firstly
those diseases caused by inanimate
matter in solution or suspension such
as vegetable extracts from marshy or
peaty soil in catchment areas, finely
divided clay in suspension, high salt
content, etc. Hardness can also cause
troublesome side effects. Fluorine in
water can cause dental upsets in
children. While water passing thro-
ugh lead pipe may cause lead poision-
ing as was observed in the epidemic
caused in Sheffield in England in
1887. The second classification of wa-
ter borne diseases is that in which
some vector is present in water which
indirectly passes disease to men.
Schistosomiasis (bilharzia) transmitt-
ed through fresh water snails falls in
this category. Recent studies have
explored the possibility that virus
diseases'may be water borne due to
discharge of human faces in water.
The viruses of the adenoidal-pharyn-
geal-conjunctival (APC) group des-
cribed by Rowe and Huebner and res-
ponsible for upper respiratory disease
and conjunctivities are also excreated

in the faeces. Both poliomylitis and
coxsackie virus can be isolated
readily from urban sewage. These
serve to focus attention on the signi-
ficance of polluted water as a possible
vehicle for the transmission of enteric
virus diseases. The third and by far
the most important group of water
borne diseases are caused by the pre-
sence of microorganisms in water.
Into this group falls cholera, typhoid,
am-oebic and bacillary forms of
dysentery. It is this group of diseases
which causes much of the preventable
sickness throughout India as'was ob-
served this year due to excessive
drought in different parts of India,
depletion of natural water resources
and consequent heavy pollution load
transmitted to these waters and due
to inadequate treatment by nature or
by man received by these waters
before they were used by human
beings. These are transmitted to
water by the discharge of sewage into
receiving waters and are easily pre-
ventable by filtration, chlorination
and by other methods of sterilisation.

Thus, even though water is avail-
able in plenty in nature its harness-
ing, treatment to bring it to drinking
water supply standard, conveyance to
community and equitable distribution
to all with adequate safety, pressure
«nd quantity at all times are not
easily achieved and cost of such in-
stallations, test and maintenance
amounts to considerable sum for a
community to afford. In the actual
stage of technical development, the
highest standards of quality can be
assured by a complete series of fol-
lowing lines of defence.

(a) Detailed hydrological, hygrona-
„ mic and geological survey and

investigation for the determina-
tion of source,
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(b) Purity of source,

(c) Pre-treatment to assure cons-
tant quality of the water be-
fore filtration,

(d) Filtration,

(e) Sterilisation,

(f) Permanent technical, chemical
and bacteriological control.

In view of the need for co-ordinat-
ing limited resources in finance, ma-
terials and manpower and for relating
community water supply to the broa-
der aspects pf waiter'resources deve-
lopment and conservation, it is re-
commended by the WHO Regional
Committee for South East Asia in
September, 1962, that, in general,
community water supply programme
should be developed on a national
basis and their organisational struc-
tures should allow for integration or
co-ordination of the functions of
planning, financing, engineering,
management and supervision of the
health aspects of water supply. A
systematic effort should be made to
accumulate and record fundamental
data of : water resources available
or needed for community water sup-
ply now and in future, the existence
and nature of water supply systems,
amount of water used and required
now and in future, cost of construc-
tion and operation of water supplied
and the quality of water served to the
public. The collection, tabulation,
analysis and publication of such data
should be the function of a central
authority or agency.

Considering the limited economic
and technical resources generally
available in this region, it is recom-
mended that a consistent co-ordinated
programme for research and develop-

ment be undertaken by the Govern-
ment; Institutions and Universities
leading towards the development of
materials, methods and system of wa-
ter treatment, distribution and ma-
nagement which are inexpensive to
construct and simple to operate and
maintain. The WHO should stimu-
late and co-ordinate such research and
development by all appropriate
means at its disposal. A step towards
this recommendation has been taken
with the establishment of Central
Public Health Engineering Research
Institute at Nagpur with its field units
in various states of this country.
Provincial Research and Action Insti-
tute, Lucknow (PRAI), is also doing
commendable work in the field of;
rural water supply and sanitation.
The All India Institute of Hygiene
and Public Health, Calcutta is also
conducting a number of field studies
for septic tanks, rural water supply
with dug wells, hand pumpSj tubewell
strainers, etc. The Roorkee Univer-
sity has opened a Water Development
Section. Other Universities are also
contributing towards some form of
research or the other on public health
engineering subjects.

Having examined the basic need of
Sanitary Water Supply for a commu-
nity and its direct relation to health,
let us now examine the growth and
development of water supply systems
in this country. As per statistics
collected by South East Asia Region
of WHO in September, 1962 only
11 per cent of India's population (438
millions in 1960-61) have community
water supply as against 16 per cent in
Indonesia, 13 per cent in Ceylon. Out
of 1750 community water supply sys-
tems in India, only 200 or 11 per cent
have complete treatment plants, 500
communities are supplied with chlori-
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nated water only and 1050 communi-
ties are supplied with ground water
or untreated surface water. This ex-
cludes 3245 villages in 9 states where
piped water supply had been provid-
ed- Between 1958 and 1962, 3 inde-
pendent agencies viz. the Panel on
National Water Supply and Sanita-
tion under the building project team
of the Planning Commission, a three
man team of Public Health Engineer-
ing Consultants sponsored by the
USAID and the National Water Sup-
ply and Sanitation Committee set up
by the Union Ministry of Health made
a comprehensive review of the situa-
tion in the country in the field of wa-
ter supply and sanitation. The follow-
ing figures convey a rough idea of the
situation.

The urban population of India ac-
cording to 1961 census was roughly 79
millions distributed over 2,451 towns.
Out of these the number of towns
which have a water supply system,
either in operation or under imple-
mentation was: (a) Ail the 113
towns which have a population of
1 lakh and above (total popu-
lation 36 millions), (b) 109 out of 137
towns (total population 9 millions)
each with a population of half to
1: lakh, (c) 253 out of 487 towns (tctal
population 15 millions) in the popula-
tion range of 20,000 to 50,000, (d)
About 200 out of 1,714 towns (total
population 15 millions) in the popula-
tion range of 20,000 and below. Even
most of the towns having a water
supply system are undoubtedly in
need of considerable improvements
and expansion. In Uttar Pradesh, by
the end of March 1964, 111 water-
works in urban areas were com-
missioned and 29 new water-works

' a"hd' for 38 numbers reorganisation
and extension programmes for water

supply of the previous years were
in progress. The total number of
water-works by the end of Third
Five Year Plan is 140.

Prior to independence, the progress
in the field of urban water supply was
slow and spasmodic-depending on the
need of the alien rulers. Water Sup-
ply in rural areas was more or less
unknown.' With the advent of popu-
lar ministries in post independence
period, an intensive programme to
meet the challenge of water supply,
particularly in the rural areas in Ben-
gal, Madras, Bombay . and the old
Mysore State was started. In the post
war- development era, the Bhor Com-
mittee came into being and for the
first time pinpointed attention to the
importance of safe water supply.
They assumed importance in the Na-
tional Development Plans. The

.Environmental Hygiene Committee
• (1948-49) appointed by the Union
Government was the first agency of
its type charged' with an overall
assessment of the country-wide pro-
blems in the entire field of Environ-
mental Hygiene. The Committee
made notable recommendations in
this field and urged for greater acti-
vity in this direction. They recom-
mended specially for a comprehensive
plan'to provide water supply and
sanitation facilities for 90 per cent of
the population within a span of 40
years. No concerted measures were
taken to implement their recommen-
dations. Some states started their
-First Five Year Plan (1951-56) but
they soon came up against formidable
obstacles in the way of raising the
finances for such schemes, building up
of the Public; Health Engineering Or-
ganisations and in the procurement
of proprietary materials needed for
such schemes;



COMMUNITY WATER SUPPLY

In 1954 Union Health Ministry
announced their National Water Sup-
ply and Sanitation Programme as
part of Health Schemes and made spe-
cific provision to assist sanitation
schemes with loans for urban water
supply schemes and 50 per cent grant
for rural water supply schemes. Sub-
sequently, State Government extend-
ed the facilities of grant for water
supply scheme for rural town areas
and N.A.C.'s, 75 per cent grant-in-aid
is being given to encourage these
small local bodies to go in for whole-
some drinking water supply schemes
by teRing only 25 per cent loan on
the usuarl terms of 30 years payment
at a rate of 6J per cent interest. For
hill and scarcity rural areas, State
Government is now giving 100 per
cent grant-in-aid and even these
poverty stricken areas have now
been exempted from giving any con-
tribution by way of Shramdan or
otherwise for which a 10-25 per cent
limit was fixed in the earlier stages.

In the First Plan period, a total
provision of Rs. 12 crores for Urban
Schemes and Rs. 6 crores for Rural
Schemes to cover activities during
last 18 months of the Plan period was
made by National Water Supply &
Sanitation Programme. The State
•Governments channelise their water
;s.upply projects to Union Health Mi-
nistry for aproval and allotment of
funds under National Water Supply
& Sanitation Programme. In all 252
urban water supply and sanitation
schemes for a total estimated cost of
Rs. 45 crores and 133 rural water
supply and sanitation schemes for a
total estimated cost of Rs. 13.5 crores
were generally approved for inclusion
in the Plan. Actual expenditure in
First Plan period was of the order of
Rs. 10 crores for Urban Water Supply

and Sanitation and Rs. 5.5 crores on
rural schemes. Under community
development programme, total ex-
penditure was about Rs. 4.5 crores in-
curred on health schemes including
water supply taken up by blocks &
about 1,07,000 sanitary wells were con-
structed. Expenditure under Local
Development Programme was Rs. 7.2
crores. About 29,650 wells were con-
structed or renovated. During Se-
cond Five Year Plan some 208 Urban
Schemes at an estimated cost of
Rs. 27.9 crores and 214 rural schemes
of an estimated cost of Rs. 5.48 crores
were added. Total expenditure in
the Se'dond Five Year Plan under Na-
tional Water Supply & Sanitation
Programme was about Rs. 42 crores
on Urban Water Supply and about
Rs. 18 crores on Rural Schemes. Un-
der community development pro-
gramme in Second Five Year Plan
Rs. 11.5 crores and under Local Deve-
lopment Works Programme Rs. X3
crores were spent covering construc-
tion or renovation of 4,53,000 and
1,02,500 wells respectively. In addi-
tion to this Rs. 3 crores were spent
under welfare of Backward Classes
Programme where some 20,000 wells
were constructed or renovated.

During Third Five Year Plan, Rs. 89
orores for Urban Water Supply and
Sanitation Schemes and Rs. 67 crores
for Rural Water Supply and Sanita-
tion Schemes were provided under
National Water Supply & Sanitation
Programme (Rs. 16 crores), Local De-
velopment Programme (Rs. 35 cro-
res), Community Development Pro-
gramme (Rs. 12 to 13 crores) and
Welfare of Backward Class Pro-
gramme (Rs. 3 to 4 crores).

The Third Public Health Engineers'
Conference held in October 1958 esti-
mated that the total magnitude of the
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urban water supply .and sanitation
schemes awaiting accomplishment
would be of the order of Rs. 900 cro-
res based on rough approximation of
the population in urban areas and
rough per capita cost on water supply
and sewerage undertakings based on
past experience in the states. For
rural water supply and sanitation, the
figure worked out was Rs. 600 crores.

Let us now examine the specific
problems concerning water supply
for the State of Uttar Pradesh. It is
a large State covering an area of
1,13,654 sq miles with a total popula-
tion of 7,37,46,401, as per 1961 census.
Present population is nearing 80 mil-
lions. The rural population of the
State constitutes 87 per cent living in
1,12,624 villages. Total number of
Blocks covering the state is 875. The
State can be divided into 3 main
groups as far as water supply pro-
blems are concerned. These are the
sub-himalayan hill areas in the North
covering the border districts, the
Tehri and Pauri Garhwai districts, the
Kumaun Region of Nainitai. Almora
and the Siwalik ranges covering
Dehradun and Sharanpur. The Tarai
and Bhabar Estates at the foot hills
of these areas have also to be consi-
dered in this category. In these hill
areas few water supply schemes have
been provided and scarcity conditions .
exist there. Then comes the great
Indo-Gangetic alluvium plains and
lastly the sub-mountainous rocky re-
gion of Vindhyachal ranges in the
South stretching from Jhansi via •
Banda, Allahabad to Mirzapur Dis-
tricts. For the northern hilly areas,
water supply can mostly be drawn
from natural springs, gaderas or hill
streams or canals or rivers. In Tarai
and Bhaba areas, deep tubewells have
been successful in some areas. The

Indo-Gangetic plain is rich in ground
water supplies, which can be obtained
by, comparatively shallow boring upto
200 meters or so. Some Corporation
towns like Lucknow, Allahabad, Kan-
pur and Agra etc. draw their water
supply from perennial rivers like
Gomti, Ganges, Jamuna, etc. In the
Sub-mountainous region of Vindha-
chal impounded reservoirs, bundis or
lakes are the source of water supply
as in Jhansi, Mirzapur, etc. These are
scarcity areas particularly in the in-
terior portion where deep wells are
difficult to be dug, no perennial rivers
are there and villagers mostly collect
water in shallow ponds or bundis
during rains, which they consume in
summer. The water gets highly con-
taminated and unfit for human con-
sumption. Drawing water from deep
wells is a problem. Besides the water
gets depleted in summer. The acute
scarcity areas cover 9 districts viz.
Dehradun. Saharanpur, Tehri Garh-
wai, Mirzapur, Jhansi. Nainitai.
Almora, Pauri Garhwai and Banda,
having 118 blocks and 20,676 villages
in it. having a population of about
52.34 lakhs (1961) (Designed popula-
tion will be 78.51 lakhs).

The preliminary assessment to pro-
vide drinking water supply in all the
rural areas of the State brings the
cost of Rs. 253 crores. The nine scar-
city districts mentioned above will
require Rs. 32.75 crores to provide
water supply in rural areas, the
annual maintenance cost of which
has been worked out as Rs. 63.20
lakhs.

. The districts lying along river Ja-
muna are also termed as scarcity dis-
tricts because ground water in this
terrain is brackish and mostly unfit
for human consumption. Districts of
Agra and Mathura come under this
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group. Sweet water is obtained in a
very limited belt. There are no suit-
able rivers which can provide water
supply to all areas. Very deep tube-
well could not be tried due to non-
availability of proper boring equip-
ment besides cost will be prohibitive
for the small communities to bear.
Infiltration galleries too did not prove
effective or adequate.

During the post independent period
there existed a small Public Health
Engineering Organisation in the
State. With the introduction of State
First Five Year Plan in the pos*. in-
dependent period the activities of the
organisation were expanded and with
the establishment of National Water
Supply and Sanitation Programme
under Union Ministry of Health in
1954; the State Public Health Orga-
nisation, which later came to be
known as LSGED, was expanded ra-
pidly. It has now 29 divisions divided
under five circles with a Chief Engi-
neer at top. Out of these 29 divisions,
there are 3 project divisions and 2
survey and investigation divisions
sponsored by the Government of In-
dia, Ministry of Health. In the pre-
independence period only 27 water-
works were constructed, all in urban
towns. By the end of Third Plan HO
waterworks were completed in the
urban sector. This means that more
than l/3rd of the total towns in the
State have been covered with piped
water supply. In the rural sector
under National Water Supply & Sa-
nitation Programme, Water Supply
Schemes at a total cost of Rs. 1.49
crores were undertaken in 1,465 vil-
lages under First Five Year Plan by
the LSGED and Irrigation Deptt. The
progress was slow due to inadequacy
of organisation and lack of local res-
ponse to raise contribution by way of

cash or shramdan: During the Se-
cond Five Year Plan a sum. of Rs. 36
crores was spent under National
Water Supply & Sanitation Program-
me for Rural Water Supply and Sani-
tation Schemes. During Third Five
Year Planj a provision of Rs. 6.87 cro-
res has been made for Rural Water
Supply Schemes under the National
Water Supply & Sanitation Program-
me. Bulk of the work under Rural
Water Supply Schemes has been in-
cluded under the Community Deve-
lopment Programme in which about
2 lakh wells and hand pumps are to
be installed at an estimated cost of
nearly. ,Rs. 442 crores. Rs 2 crores
worth of work will be got executed
by LSGED. In this State Rural Wa-
ter Supply Schemes have been en-
trusted to the agencies other than
Public Health Engineering Depart-
ment like block agencies, Irrigation
Department, etc. The Chief Engi-
neer, LSGED, has stated that "it haf
been felt that at times multiplicity
of the agencies working in the field
and their division, ways of thinking
and implementation of the Rural Wa-
ter Supply Schemes without observ-
ing certain pattern practice and stan-
dard, have resulted in failures of such
schemes. It is difficult to suggest
type designs or design criteria or
standards as for urban towns for
rural areas throughout the State as
these schemes are to be framed keep-
ing in view topographical, climatical
and socio-economic conditions of the
people which differ from area to
area." As such discretion of experi-
enced Public Health Engineer be-
comes necessary.

In 1963 Government of India desir-
ed to collect the statistics in respect
of the water supply problems in the
scarcity and difficult areas of the
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state. 'One'Survey and Investigation
Division was created in January 1963,
to Work-out the problems in 9 acute
scarcity districts mentioned earlier.
Th'e Second Survey and Investigation
Division came into existence in Janu-
ary 1964, when 9 more scarcity dis-
trfets viz. Uttarkashi, Chamoli, Agra,
Ma'thura, Hamirpur, Jalaun, Varanasi
ari'd Al'llhab'ad were covered. These
divisions are collecting information
regarding ndmes of villages suffering
from scarcity of drinking water, their
ptipul'atioh, the nature of existing
sburces 'both qualitative and quanti-
tive, epidemeological statistics, pro-
posals for augmenting or providing
safe'-'drinking -water both-in adequate
quantity and of minimum hygenic
quantity and their financial cost, both
capital and maintenance, etc. On the
basis of these investigations it is ga-
thered'that there are 33,140 villages
in •18 scarcity districts of the State
oiit of which water is to be provided
on 'priority basis to 13;917 villages.
There are 14,090 villages in the non-
sCcVicity-area-of the State which also
require-urgent attention and same
priority as'the scarcity districts. Ap-
proximate population desired to be
covered' tinder priority -schemes is
afeoat '5?433 'cror'es'out of 7 crores rural
p'opul-atibh. The proposal for water
stipply 'in respect <of these villages
will eater for an ultimate population
ih "30 -years of about 82 'lakhs in the
stareity:and-'l-.5 'crores <in the non-
scarcity'distficts. The total cost of
waterJm these 18-districts for the
scarcity hit villages (13,197 villages)
cc/mes to 'Rs. '56.70 crores. -For difficult
and backward villages in tnon-rscarcity
districts (the cost comes to Rs. 50.06
qrpres.. The maintenance cost for the
above, schemes for these 18 scarcity
distriqts and the difficult backward
villages in the non-scarcity districts

comes to Rs. 1.45 crores and Rs. 1.60
crores respectively. The Plan alloca-
tions for Fourth Five Year Plan are
not known as yet. But as the figures
suggest the problem of providing safe
water supply even in these priority
schemes is formidable, and unless con-
siderable plan outlay is made avail-
able to the State in this connection
hardly any headway to solve the
problem can be made. So far plan
allocations made hardly touched the
fringe of the problem. There has
been consistent demand from Divi-
sional Planning Committee Forum
and the Panch Sammelans of the
scarcity hit areas of the State for
greater plan allocations for this most
important aspect of the Plan for
quicker implementation of detailed
schemes already framed for these
areas and for the State Government
Department viz. LSGED to take over
maintenance of these schemes since
the Antarim Zilla Parishad (AZP)
or the Gram Pradhans, the benefi-
ciary, are not in a position financially
Oi technically to maintain these wa-
ter supply schemes even though the
Antarim Zilla Parishad passed resolu-
tions while accepting Government
Grant for Rural Water Supply Sche-
mes to take over and maintain these
schemes by the respective Gram Pra-
dhans and that necessary funds will
be raised for the same. It is felt that
maintenance of these costly undertak-
ings requiring technical experience,
skill and knowledge should be en-
trusted to LSGED and that mainten-
ance funds be raised as a cess to land
revenue by the revenue staff lan<i>JfcHe
amount'be placed with the' CSGEDJto
raise necessary organisation, tools and
plant and other necessary equipment
to maintain the system in perfect
working order. It will be able to keep
necessary hydrdlogical records of the
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.sources and shall keep control over
quality of water supply throughout
the year. Education of the people for
proper utilisation of water, preven-
tion of waste, water conservation etc.,
will also be possible through this
agency.

.Inspite of the general consciousness
of health and life .giving properity of
water and inspite of strong recom-
mendations of Bhor Commitee, Envi-
ronmental Sanitation Committee,
Public Health Engineering Conferen-
ces, National Water Supply and Sani-
tation Committee etc. the progress on
the implemen.ta.iUQn of water supply
scnem.es through ftve year plan allo-
cations remained much teo .slow. The
formidable obstacle is the finances.
The local bodies have neither the re-
sources nor the capacity to finance
large loans from Government. Due
to political set up, they are not readily
agreeable to impose water tax and
even if they dô  the realisation of the
tax from public remains mostly in
ar-rears and most of the costly water
supply undertakings are going to
ruins due to improper finances, in-
adequate maintenance etc. Only in
a few cases the undertakings run on
profit. The back log of interest on
Government loan accumulates and
Government can not sanction further
l©an assistance to such defaulting
Boards.. Government cannot under-
take all such Water Supply Schemes
out of its own resources because of
limitation of capital and resources
available to it and because of other
high priority projects like defence,
food production, minor and medium
irrigation schemes, industry, road

and power.

One of the recommendations made
by Fourth Conference of Public
Health Engineers held in Delhi in

November, 1960, was the setting up of
Regional Water and Sewerage Board.
The Seminar on Financing and Ma-
nagement of Water and Sewerage
Works convened by the Ministry of
Health, Government of India at Delhi
from April 24-30, 1964, recommended
that a Statutory Water and Drainage
Board should be set up at each State
level with regional boards if and to
the extent necessary within the State
to provide water and sewerage service
and to collect revenues to meet such
services, to raise the capital needed to
provide the facilities and to exercise
alll other corporate powers necessary
to act on behalf of the constit&efft
local bodies within its jurisdiction.
It can float loans as Municipal Cor-
poration, Bombay did. This proce-
dure is common practice in many
parts of the world. For some times
to come Central and State Govern-
ment should act as borrowing agents
on behalf of Statutory Boards. It
was recommended that Govt. of India
should appoint a high level committee
with representatives from the Union
Ministry of Health, the Union Minis-
try of Finance, the Planning Com-
mission, a Mayor of a Corporation, a
Chairman of a Municipality; a Muni-
cipal Commissioner, a Public Health
Engineer and a lawyer assisted by
consultants as necessary to draft mo-
del enactment for setting up Statu-
tory Water & Drainage Boards, de-
fining their power and duties and
recommending appropriate methods
of funds raising. It may be consti-
tuted on the lines of State Electri-
city Board or Metropolitan Water
Board, London, constituted under
the provisions of the Metropolis Wa-
ter Act, 1902. The Statutory Water
and Drainage Board may obtain
loans from International and bilate-
ral agencies such as the World Bank
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and International, Development
.Agencies (IDA) and USAID and the
conditions be fulfilled before such
loans are granted. UNSF be request-
ed to assist by supply of equipments,
transport vehicles and specialist ser-
vices to provide water supply facili-
ties in different areas and to carry
out detailed investigations for the
.purpose. The Government of West
Bengal is preparing a legislature for
the creation of a Metropolitan Water
.& Sewerage Board for greater Cal-
cutta area to deal with problems of
water supply and sewage in this re-
gion which will cover an area of 300
sq miles.

One of the main functions of the
Statutory Water and Sewerage
Board should be to initiate research
in the field of public ... health engi-
neering in the State, to make exten-
sive explorations of possible sources
of water supply to determine region
by exploratory borings where
ground water supply will be copious
and WxiGxCSGrTio, possibilities or re-
charging the ground Water artifi-
cially or otherwise, area where infil-
tration galleries will serve the pur-
pose, etc. They should adopt legis-
lative measures to conserve and pro-
tect streams and lakes and impound-
ed reservoirs against possible pollu-
tion, etc. They should evolve drink-
ing water standards for specific re-
gions depending on its socio-econo-
mic position, availability of cheap
water sources, habits and epide-
meological conditions of the region
and other technical considerations.
Research to find out cheap methods
of tapping sources of' conveyance of
water, pumping, treatment, etc. with
available local materials as far as
possible should be continued. The
per capita supply needed for a spe-

cific region to meet normal human
industrial and fire demand should be
worked out and design criteria for
water supply for specific regions be
worked out. As aptly pointed out by
Shri N. V. Modak in one of his spee-
ches that "Research in Public Health
Engineering is a team work requir-
ing close cooperation of not only
public health engineers, but electri-
cal, mechanical, electronic and che-
mical engineers, scientists trained in
algology, mycology and plant patho-
logy, microbiology, limnology, bacte-
riology, physics, botany, chemistry
and biochemistry, biophysics, statis-
tics, medicine, geology, anthropo-
logy, sociology and meteorology and
also other health specialist. The
research must proceed to solution of
the environmental problems created
by our complex society."

Let me conclude the paper with
the observation that adequate whole-
some water supply is an index of a
community's civilisation, growth and
development and a growing com-
munity has to give highest priority
for expenditious implementation of
drinking water supply schemes. Civil
Defence measures have to be adopt-
ed to protect public water supplies
from being interfered with or conta-
minated by saboteures or enemy
agents during escalation of hostilities
like the one India witnessed during
Chinese and Pakistani aggressions.
Steps to store underground water
with protective steps against radio-
logical contaminations by fall out or
otherwise detection of radiological
contamination, protection of water
supplies against biological warfare
by establishing network of personnel
and facilities for emergency, samp-
ling and laboratory examination of
suspected B.W. materials and toxins,
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decontamination by boiling or che-
micals should be undertaken in
every emergency. Technical per-
sonnel charged with the responsi-
bility for safety of water supply
should be trained to detect and iden-
tify all hazardous chemicals ex-
pected to create problems during
emergey such as Cyanogen bromide,
Hydrocyanic acid etc. Conservation
of water during emergency will be
necessary. This can be done by re-
ducing per capita supply during peak
demand period, restricting water use
of certain periods during the day,
posting police on watering points
and curtailing industrial uses. Drink-
ing water standards may be relaxed
to the extent that it causes no seri-
ous health problem. For very turbid
water large dose of chlorine or
iodine will be required to maintain
minimum residual. Water contain-
ing a minimum of 5 mg/lit. of free
chlorine at 30 min. contact time may
be considered bacteriologically
safe—when biological warfare is sus-
pected or else a residual of 2 mg/lit.
at 30 min. contact is adequate. Port-
able water treatment equipments,
chlorinators and quick coupling light
weight pipe at a number of locations
in the country be stockpiled. Army
units may have mobile or field water
treatment equipments. These equip-
ments for a 10 mile unit are—

(1) 10 Miles light weight 8 in.
diam. steel pipe with coup-
lings, fittings valves, etc.

(2) Two portable Diatomite 100
gpm purification unit.

(3) One mobile, 300 lb per 24 hr.
capacity chlorinator.

(4) Five 1500 gpm centrifugal
pumps, single stage, gasoline—
engine driven, skid and/or

wheel mounted, 100 psi dis-
charge—15 ft suction lift.

(5) Two 100 gpm pump—centrifu-
gal, single stage, gasoline-
engine driven, skid mounted
130 ft dynamic head.

(6) 4 tanks—Nylon, Rubber Coat-
ed 3000 gal each.

(7) Two 40 kw generator set, port-
able gasoline driven, skid
mounted— alternate current
and few small mobile genera-
tor of 15 kw and 10 kw capa-
cities.

For quick bacteriological examina-
tion of water during emergency for
quality control membrane filter tech-
nique is considered more rapid than
MPN (most probable number) coli-
form tests. Another coliform mea-
suring technique utilising carbon—14
labelled lactose is being evaluated
and preliminary studies indicate as
little as 2 to 4 hr is required. But
such tests may not be possible for
small improvised water supplies
during evacuation, etc. when chlo-
rine residual test alone will have to
be relied upon. The water board at
State level has to collect information
for emergency water sources in the
community in consultation with Mu-
nicipal Department, PWD, Water
Resources Commission, Health De-
partment, State Geological Survey,
Exploratory Tubewell Organisations,
etc. Annual Stream gauging reports,
water quality division and Ground
water divisions of Geological Survey
Department should be of assistance.
When collecting information on
existing water treatment facilities
special consideration be given for
emergency use of (i) flexibility of
plant to operate inspite of certain
break downs, (ii) raw and finished
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water storage capacity and (iii£ ad-
equacy, of replacement equipment
and parts personnel should be train-
ed-to operate water treatment equip-
m'erits etc. for emergency besides the
Water-works operators. Universities,
technical societies, engineering firms
and' trade unions can lend such men
for emergency training. Civil defen-
ce concepts should be introduced into
norrhal design and maintenance of
water supplies and distribution sys-
tem. It has been stated that Civil
Defence is "a way of life". The
truthfulness of this statement is Be-
coming more apparent each passing
year. The horizon at this time holds
no promise to the cessation of world
conditions which necessitate Civil
Defence. When large scale water
supply undertakings are being consi-
dered for the country, it would be-
hove us to integrate these concepts
into our normal pattern of life so
that a- state of readiness can. be ob-
tained and maintained.
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Shri R. S. Mehta, Director, GFHERI,
Nagpur: Do the water supplies pay for
itself? Sortie idea- of cost of schemes and
the rate charged per 10001 gals may be
given.

Shri Hi P. Ghose (Author) : Yes, All
water supply sohemes are so framed that
these, if- run properly, should pay for itself
even after meeting loan and sinking fund
charges. Softie existing water works are
not paying.themselves due to poor maint-
enance, non-realisation of water tax and
for not providiag. meteredviconnections re-
sulting ia wastage and iimproper low rates
provided for per r*ile ratings, etc.

The cast;o£.schemes fof tube well water
supply in urban towns vary from Rs. 30
to 40 per capita.. The usual, rates charged
per 1,000 gal comes to about one rupee.

SbriR. S. Mehta: How far has meter-
ing of supplies helped since your manu-
facture of meters in large numbers? Have
you been able to maintain the meters in
small towns?

Shri H. P. Ghose: With, metering
introduced for public water supplies,
wastage has been greatly controlled. Some
fully metered water works are self sup-
porting. Old water works are also being
processed to convert all connections into
metered ones. The process is slow but
gradual. The Precision Instrument Factory
at> Lueknow offers for services of three
n&echanies to repair meters supplied by
them. Meters sent to the factory are also
repaired. Defective parts are freely re-
placed.

Shrj. R.. S. Mehta : How is water works
department connected with problems of
water pollution of alluvial river areas
where water is grossly polluted.

H. P. Ghose: The large water
works* obtaining! surface water supply
from alluvial rivers, maintain well equipp-
ed, laboratories at places like Allahabad,
Agra and Kanpur For specific problems
of pollution, they refer their problems to
research institutions like CPHERI. Pollu-
tion surveys are also being carried out to

Slid out how river pollution can be pre-
vented.

Shri R. P. Mishra, CPHERI, Nagpur :
You have mentioned that the main aim of
your rural water supply programme is to
give adequate and wholesome water supply.
What specific measures do you propose to
adopt to supply water that is bacteriolo-
gically pure in rural areas?

Sbri H. P. Ghose: All-sources that are
tapped for rural water supply are ad-
equately tested chemically as well as bac-
tmoi&gically before adoption. Mostly
spring water or tube wells are adopted as
souretes for rural areas. These waters are
generally f&unij w&©l6some and free from
bacteria*' contamination. Provision of
chlorinated' water by ttie use of bleaohing
powder solution is invariably made to
safeguard such water against subsequent
bacterial pollution. Periodical examina-
tion of water is recommended to maintain
reasonably good standard of drinking
water even for rural communities.

Dr. N. U. Rao, CPHERI, Nagpur : During
a state of emergency that exists during
armed conflict with our enemies what sort
of preventive and remedial measures
would you take to safeguard the water
quality? It is obvious that more chlorina-
tion does not help.

Shri H. P. Ghosh: I have fully dealt
with the preventive measures that should
be taken during escalation of hostilities to
safeguard public water supplies against
radiological, biological contamination in
my paper. I need not repeat the same.

A residual dose of 5 mg/lit free chlorine
shall take care of biological contamination
with 30 min. contact time. It may not be
adequate for virus infection. Quick detec-
tion of contamination by membrane filter
technique may be useful. Another coliform
measuring technique utilising carbon—14
labelled lactose is being developed and

bring out results in 2 to 4 hours.

Sbri B. S. Mahantannayar, Banglore:
Has the State Public Health Engineering
Organisation solved the problems of treat-
ment of underground hard waters?
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Shri H. P. Ghose : Very hard water, has
not been encountered in the water works
so far established in the State and the
question of providing softening plants did
not arise.

Shri B. S. Mahantannayar: Were there
areas affected by water-borne diseases?
Did the Government receive assistance
from WHO or UNESCO? If so, how much?

Shri H. P. Ghose : Yes. Pilot schemes of
water supply in rural sector under
UNICEF/WHO aid program has been un-
dertaken in scarcity hit areas and areas
affected by water-borne diseases in Dehra-
dun and Saharanpur Districts (Dharana),
in Motadhak circle under Tehri districts
in Eastern districts of U.P., etc. Some of
these schemes have been successfully com-
pleted. One hundred and forty one villages
with a total population of 54,1100 will be
benefited. The total cost of schemes works
out to Rs. 43.35 lakhs against which mate-
rials worth Rs. 6.802 lakhs have been sup-
plied by UNICEF/WHO aid as free gift.
The UNICEF aided schemes in Bara Ban-
hie, Meerut and Gorakhpur blocks work
out to Rs. 6,95,000/- against which mate-
rials worth Rs. 3,74,000 have been given as
free gift by the said aid programme.

Shri B. S. Mahantannayar : Did the or-
ganisation solve the problem of getting
"small size pipe of 3, 4, 6 inches size and
the high power pump-sets? What is the
prescribed time limit for completion of
project and what is the period of comple-
tion of a rural scheme?

Shri H. P. Ghose: Mostly A.C. pressure
pipes of 3, 4 and 6 inches sizes were
arranged and there have been no difficul-
ties. For hilly tracks, G.I. and M.S. pipes
have been procured. Normal size 5 to 15
hp pumps could be procured in India from
indigenous manufacturers like Jyoti,
Thomstori's etc. without much difficulty.
The period of completion of rural scheme
is usually 1 to 2 years.

Shri U. J. Bhatt, Baroda: I wish to
know, how many urban water supplies,
drawing water from alluvium rivers, have
intake works with infiltration galleries?
Have you tried tapping water on Rhine
system by perforated pipes? My recent
experience has demonstrated that when-

ever the groundwater conditions are
favourable, this is the cheapest and quick-
est method.

Shri H. P. Ghose : So far no infiltration
galleries with the system suggested by
you has been tried in the alluvium rivers
of Uttar Pradesh. We are drawing water
directly from the river supply by conven-
tional intake towers with pumping arrange-
ments.

Shri D. L. Mathur, Udaipur: What is
the pattern of rural water supply? Are
all the systems piped completely.

Shri H. P. Ghose: Pattern varies in
rural areas. In hills, mostly water supply
is given from springs. The water is collect-
ed in a collecting chamber and it is par-
tially treated through roughing filters and
chlorinated. Water is supplied to the
houses from the storage tanks designed for
half day capacity in rural areas.

For plains, small tube wells or infiltra-
tion galleries or sanitary dug wells are
Drovided for water supply. Water is stored
in centrally situated storage tanks and
distributed to different groups of villages
through pipes after chlorination. Tank
type or pillar type stand-posts are provid-
ed with arrangements to drain off waste
water to natural drains or fields.

All water supplies are piped fully.

Shri D. L. Mathur : What is the cost
per capita? How is brackish water treated?

Shri H. P. Ghose: Cost per capita for
rural water supplies varies depending upon
source, nature of population, distance of
distribution system and groups of villages,
etc. In plains, with tube well as source of
supply for compact group of villages, it
works out to Rs. 23.5 or so per capita. For
.hilly areas, it may vary from Rs. 60 to 120
per capita.

No demineralisation plant has been put
up so far in this state for highly brackish
water. Such acute problem has not yet
been met with.

ghri J. M. Dave, CPHERI, Na&pur : With
so many water treatment plants, do you
•have any standard methods of design, so.
'that maintenance etc. are economical9
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Shri H. P. Ghosc : Yes. Standard design
criteria for urban and rural water supply
schemes, have been evolved for the state
of Uttar Pradesh and all schemes are now
being prepared on the basis of the criteria
with such modifications as become necess-
ary due to topographical, geological and
socio-economic conditions of a particular
place. Efforts to keep maintenance cost
at the most economical level are being
made in each scheme.

Shri N. M. Basu, Durgapur: When so
many schemes have been prepared for
water supply, why no provision was made
for harnessing the water resource?

Shri H. P. Ghose : The question is not
clear. For every water supply scheme,
whether for rural or urban scheme, pro-
per and most economical sources of water

supplies that will ensure adequate water
supply throughout the design period, have
been harnessed. Every available water
source, viz. surface water or ground water,
available close at hand, and which can be
economically harnessed with, least amount
of treatment necessary have been tapped.

Geological and hydrological surveys to
determine ground water resources even in
the rocky parts of Vindhya range stretch-
ing from Jhansi to Mirzapur on the
southern region of the State are proposed
to be undertaken soon with the help of
rock drilling diamond rigs to be made
available by UNICEF/WHO to meet the
challenge of water supply in the drought
affected areas. The investigations of sour-
ces have also been started for scarcity hit
areas of the State.
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Community Water Supply in Durg District

V. K. BANADE and ,A. & TIWARI
Bhilai Steel Plant, Bhilai

It ,is very unfortunate that our
villages inhabitated by more than 80
percent of the country?s population
have remained neglected for years in
,th.e field of water supply and sanita-
tion. Majority of rural communities
depend upon the surface water sour-

' ces-rivers, nallahs,. ditches, tanks and
canals—for their domestic water sup-
ply. These sources are subject to
pollution and are responsible for
spread of water-borne diseases. With
the rapid urbanization and industria-
lisation taking place in our country
the chances of pollution of the pur-
face water sources are even more.
Under the changed circumstances
the Government and local bodies
have now realised that proper rural
water supply and sanitation is ne-
cessary for improving the national
health.

Schemes have been prepared and
beginning has since been made but
there may be considerable difficulty
in executing the schemes for all
rural areas because of the prohibi-
tive cost of treatment and lack of
public health education in our coun-
try as a whole.

The position of rural water supply
in Durg District is as deplorable as
in any other rural area of our coun-
try. Durg is one of the important

districts of Madhya Pradesh. It oc-
cupies an area p.f 7498 sq miles and
includes six municipal towns, the
beautiful township of Bhilai and 4267
villages. Th.e total population of the
district is 19 lakhs, 86 per cent of
which is distributed in the rural
areas.

Broad cut lines

The State Government has ^aunch-
ed a programme for improving the
water supply position in the rural
areas, through the agencies of block
development organisations and Gram
Panchayats. According to this sche-
me a village with population upto
500 is provided with a tube well,
operated by hand pump, on condition
that 25 per cent of the expenses
should be met with by the people.

More tube wells are provided
where the population exceeds 500
and in places where the population
is above 2000 piped-water facility is
given on the same condition. In tri-
bal villages, however, the entire ex-
penses are borne by the Govern-
ment.

Unfortunately the above scheme
has not been very popular among the
people. This will be clear from the
fact that only 2 per cent of the rural
communities have availed of the

16
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facility so far. One need not go deep
to discover the probable reasons for
poor response. The first is, obviously
lack of public health education, se-
condly, their deplorable financial
condition, the third one is due to a
technical difficulty which arises
whenever the hand pump goes out of
order and finally, it is believed, avail-
ability of alternate source of water
supply howsoever contaminated it
might be. An important point, here,
is that even 2 per cent people who
have accepted the Government sche-
me does not seem to be due to thei*
desire for good qisaKJy and adequate
quantity from the tube well but be-
cause of the fact that they had no
other easily available source. Such
villages where there is acute shor-
tage of water have been listed as
PROBLEM VILLAGES and their
number is 285,460 which have been
provided with tube wells.

Brief Description of
Provided

the Facility

As mentioned above there are 46
villages that have been provided
with tube wells, with hand pumps.
The actual average cost of a tube
well system is about Rs. 5000 depend-
ing upon the hydro-geological strata
the cost of executing the scheme
differs. In some places it has been
possible to get ample discharge at
a depth of 40 ft whereas in certain
others adequate water is not avail-
able N even after boring 250 ft. In
these villages 3-4 in. diam G.I. casing
pipe has been used.

. ' . • i

In 16 villages, with population 2000
and above, piped water supply,
through bore-wells, has been given.
The Management is done by the lo-
cal bodies. For the present private
house connections have not been

given. Instead, public stand posts
hatue been provided. Only two sche-
mes in the rural areas and one in
urban area are described below:—

BEMETARA

This is a Tahsil head quarters un-
der Durg district having a popula-
tion of 4934. A tube well has been
dug at a depth of 202 ft 6 in. diam
G.I. casing pipe acts as a suction for
a 5 hp electric-driven pump which
lifts the water to an elevated tank
of 5000 gallons capacity. Murum,
yellow earth, reddish soft stone and
lrrVie'stone strata have been found
d'uVing drilling'operation. Average
discharge per hour is 1700 gal. The
scheme has cost Rs. 50,000.

The quality of water available
from the above tube well is accept-
able for domestic use as may be seen
jn Table I. A remarkable point re-
garding this water is that coliform
organisms are absent from 100 ml
portion.

DHAMDA

This is another semi-urban village
in Durg district. Its population is
4264. An yield of 1860 gal/hr is
available from the tube well, 202 ft
deep, 6 in. diam G.I. casing pipe act-
ing as suction for a 5 hp vertical
electric-driven pump. Here also the
pump lifts the water to an over head
tank of 3000 gallons capacity. The
cost of the scheme is Rs. 53,000.
Analysis of this water may be seen
at Table I. Presence of E. coli to the
extent of 10/100 ml necessitates the
provisions for disinfection.

The only urban area (of Durg dis-
trict) where drinking water is sup-
plied through a system of tube wells
is the Khursipara labour-colony
owned and managed by Bhilai Steel



RANADE & TIWABI

Plant. In- all, there are 13-bore wells,
all' 200- ft deep- with- 6 in. diam G I-
casing pipe to supply water to a po-
pulation- of over 15000 souls. Lime
stone stratum stretches for a depth of
121-133 ft in these wells- The ave-
rage ' discharge of the well is 1600
gal/hr. Water Supply is given thro-
ugh elevated steel tanks, each of
50;000 gallons capacity. AH the resi-
dential accommodations are provid-
ed' with sanitary fittings. Apart from
these a- few public stand posts are
also provided-.

i The whaler supplied, to. the consu-
nsLeiiSt iftom the tube wells is of the
prescribed quality. This may be seen
in Table I.

• As already, mentioned the tube
well, water supply scheme has, till
naw,, covered only. 2 per cent com-
munities. The position regarding 98:
pen cent rural population is rather
alarming; The communities living

on the banka of rivers,, nallahs and
aanals draw their entire water re?
qudrements from these sources all
the year round. Quite, a number of
villages: depend, on tanks and ponds
for their domestic water supply.
Thus: oven 65 per cent of the rural
population of; Durg district utilises
the surface water spurees. The rivers
thai flow thgough the district are the
Sheonath, the Kharun, the Tandula*
the Kh.arkhara. the Hanf and the
Suchi, alii ©J5 which are subject to
pollution, and great fluctuations in
chemical; and. bacteriological quality

t: the, year, The villagers:
the. water,. in its natural form,,

and most pfr them fall victim to a
number, ofc water-borne diseases. For-
tunately none of these rivers receives
industrial! wastes of toxic nature,
otherwise, the situation, would be
more serious.

The tanks and' ponds (another sur-
face, water source) that meet the de-

TABLE I

Characteristics;

pH' value

Alkalinity
Total as eaCO8 (mg/lit)

Free CO, (mg/lit)

Total, as CaCO (mg/lit)

O:C.P. (mg/l\t)

Chloride as <2l~ (mg/lit),

Nitrate (mg/lit)

Iron (mg/lplt);

MPN Index

(Coliform Bacteria
in- 100' ml portion)

Results;

BEMETT^A

7.1-

290

0.3

280

nil.

22

3.0.

nil

nil

obtained

DIIAMDA

7,3 •

198

2:0

200-

0.3.

102

1.2

9.1.
10,

from tube well

KHURSIPARA
(BHILAI)

7.3

201

10

144

0.4

11

0.15

0.3

2
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mand of quite a number of villages
are also, very .often, contaminated.
It is a shocking faiet, that in -a few
places the same tank serves the pur-
pose for both cattle and human be-
ings. The resttlt is, obviously, dis-
astroiis in su«Jh cases..', Due 3jo latjk
of Public Health education and po-
verty people are reluctant to accept
the ttibe well'water supply scheriite.
Analysis i#f w^ter Samples o| :a few
surface water sources is given in
Table H.

Open wells,H>oth- shadow arid deep,
depending upon the hydrogeological
strati available at a particular place,
form the. source of water supply to
one-third :of the rural population of
Durg district. Only a *rery fe"w villa-
ges have got open wells with sani-
tary protection which too is not -ad-
equate. In most cases hardly any
thought has been1 given in selecting
the location of the well. Quite a
number of them are located at low
levels, either near the manure pits
or near stagnant water ditches, thus
increasing the chance of pollution by
seapage. The top of the wells is
almost always kept at ground level
because of which the drain water
and other rubbish matter find access
into the well and affect the quality
of water, apart from causing acci-
dents to thilSren and the cattle.

Occasional disinfection of wells
by potassium permangnate (which
is ah obsolete method) or by bleach-
ing powder hardly helps in improv-
ing the quality of drinking water-
Moreover this work being done by
the village level workers, deputed by
the local bodies, js not satisfactory
as the dose given is, invariably in-
correct either excess or far below
the requirement.

"Cartridge methods of disinfection"
has been 'carried out in a few places
of ,the district and satisfactory re-
sults obtained, as may be seen in
Table IV. Cartridge is a hollow un-
glized cylindrical earthen vessel
wfth narrow mouth. This can be
prepared locally by pottors making
use of porous clay, ot any dimen-
si6ns required. For disinfecting
"small water suppilies> particularly
open wells, a cartridge oif internal
dimensions 9 be 4 in. diam. twith I in.
<or a little mire diam. opehing has
been ffouad tfo toe 'cortvenient. This
can hold aboUt 2.7 lb of bleaching
powder. To Ic&argte ihe cartridge,
bleaching powSer iof ikffown avail-
able chlorine content is Ailed and
well backed (and moistened with a
little water. The i&ou&h is, then,
tightfy closed by a rubber cor-̂ . It is
then immersed in a vessel (containing
water which completely -covers it.
Cartridge is kept in the water until
the active chlorine begins to perco-
late through its porous walls, by
diffusion. This takes from 22 to 36
hr depending on the porosity of the
walls- It is equally convenient to
directly immferse the cartridge into
the body of water to be disinfected.
Before disinfecting a particular sup-
ply ft is iiecessary to know the fol-
lowing (a.) Chlorine demahd of the
water to be sterilized, (b) Rate of
flow per hour and total daily con-
sumption. ]

If these figures are knoV/n, it can
be found out as to how many days
months charge will last for a parti-
cular source.

Method of Disinfection
In case of open wells the charged

cartridge is immersed into the water
with its neck securely fastened to a



TABLE H

to
©

S. NO.

i .

2.

3 .

4.

5.

6.

Characteristics

Turbidity

pH value • '. ' '

Total Alkalinity
as CaCCr (mg/lit)

Chloride Cl~ (mg/lit)

O.C.P. (mg/Oit)

MPN Index
(Coliform bacteria
in 100 ml portion)

Sheonath

Rainy
season

100—
2000

7.0-7.4

75-85

7.0

2,8

250—

1800+

River

Dry
weather

15—
50

7.6-7,8

90-130

8.0

1.9

250

SOURCES

Rivers and Nallahs

Kharkhara

Rainy
season

100—
1500

7.2-7.6

155-165

2.5

—

350—

1800

Dry
weather

10—
40

7.8T7.9

—

2.5

900

Phulgaon

Rainy
season.

500—:

1500

7.3"

—

2.0

-

250—

1800+

nallah

Dry
weather

-20—
100

7.4

-

2.2

4.5

350

Tanks,

a

A
hi

w
ar

T
an

k

10—
45

7.0-7.6

51 ,

5.0

2.7

60-*

300

Ponds &

D
eo

rj
hE

vi
lla

ge
po

nd
.

100-^
230

118

7.0

9.8

1800

Ditches

se
at

ed
ii

n
i

ar
ea

.

D
it

ch
 1<

in
 N

an
M

in
es

 (

5

'. .. 7.4

153

9,0

2.1

160

9?
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TABLE III—QUALITY OF WATER COLLECTED FROM OPEN WELLS OF
DIFERRENT PLACES

S. No.

1.

2.

3.

4.

5.

6.

Characterstics

pH value

Alkalinity total
as CaCO8 (mg/lit)

Hardness Total
as CaCO8 (mg/lit)

Chloride as Cl~
(mg/lit)

Nitrate (mg/lit)

MPN Index
(B-coli in 100 ml
of portion)

Sambalpur
(Lohara
block)

6.6

50

53

5

0.35

900

SOURCES

Andi
village
(Lohara
block)

C.6

121

323

122

0.55

1600

(OPEN

Jamul
village
A.C.C.

7.9

135

138

14

—

17

WELLS)

Khamdih
village
(Saja
block)

7.2

338

82

235

—

35

Kohaka
village
(Durg
block)

8.4

30

200

175

1.8

1800 +

wooden plank placed across the well.
Chlorine gas begins to escape into
the water by diffusion as described
above and disinfectes it. The process
continues until all the active avail-
able chlorine from the charge is ex-
ahausted. In case residual chlorine,
by orthotoulidine test, is found to be
excess of the requirement, the cart-
ridge can be lifted a little above the
water so that chlorine gas will per-
colate only from the portion immer-
sed. Once the active chlorine is
exahausted, the same cartridge, after
cleaning, can be re-charged. This
method has been tried only in a few
places and has been found to be
cheap and dependable for commu-
nity water supplies. The details
may be seen in Table IV.

Details about the cartridge and the
charge it holds

1. Internal dimensions 9 in. (h)
x 4 in. (diam),. 1 in. diam Open-
ing of mouth.

2. Quantity of charge hold—2.7 lb.

3. Available active chlorine from
the bleaching powdter—25%.

4. Total quantity of )
chlorine available )' 0. 675 lb
from the charge ) (305.8 gm)

5. Cost of cartridge—Rs. 2.00

6. Cost of bleaching powder
Rs. 0.75 per lb (Retail price).



TABLE IV—DETAILS REGARDING DISINFECTION OF WELL WATER BY CARTRIDGE METHOD1

S3
to

S. No. Place where disinfection
carried out

MPN index
Chlorine Yield of Residual Consumption (in 100 ml portion)
demand w;ater per chlorine of chlorine ~7T~Z
of water day in maintained per day in: e o r e

(mg/lit) litres (mg/lit) gm.

After
chlbrina- chlori-

tion nation
5

1. Open pacca well at Rly.
colony of Maroda Rly.
Station near Bhilai. 0.6 5,000 0.1 3.5 90" nil 72 days

2. Pandhar dalli well located
at Rajhara iron Ore Mines
of Bhilai Steel Plant. 0.2 45.000 0.1 i8':b 16 nil 15 days

3. Open well at village Kham-
dih under Saja block; 0.5 4 000 0.1 2.4- 35 nil 90 days

The total cost of cartridge, its charge, orthotoulidine solution and the rope works out to-Rs. 5.50 only.
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Suggestions

From the foregoing description we
get a dismal picture of water supply
position in rural areas of the Durg
District. Quantity is not a serious
problem but the quality of the water
consumed by the rural communities
is a real cause of concern. We have
to. make earnest efforts to improve
the situation. Water from any sour-
ce can. toe rendered safe and potable
by proper treatment. The difficulty
is that all the known methods of
purification of water are costly from
practical point of view as the finan-
cial resources of the local bodies
operating in the rural areas are very
popr. The following suggestions are.
therefore, offered:—

(i) Every community/vil-
lage with population of 500
and below should be provid-
ed with an open well with
all the sanitary protections
and the top, elevated above
the ground level with ad-
equate cement mortar plas-
ter. In case of deep wells,
periodical disinfection with
either bleaching powder solu-
tion or chlorine water (made
available by the Government
or local bodies through the
village level- workers) is, ge-
nerally; the only treatment
required. In shallow wells,
however, continuous disinfec-
tion, by "Cartridge method"
may be carried out. This ar-
rangement is not only satis-
factory but also cheaper.
Tube wells, with hand pump,
is much more costlier than
the open well. The hand
pump very often goes out of
order and causes lot of incon-
venience to the consumers

The protected open wells can
be provided by the Govern-
ment alone without asking
the consumers to share any
part of expenditure and yet
spending lesser amount than
in the case of tube well. The
people, otherwise compelled
to drink untreated river or
tank water, will draw their
drinking water supply from
the well alone.

(ii) For all the bigger
communities with population
of 2000 and above piped
water supply should be made
available. Cost of the sche-
me for such places can be
borne by the Government
and the consumers, as is be-
ing done at present. For
piped-water supply bore well
system should be preferred
as the water from deep bore-
wells is, almost always free
from bacterial contamina-
tion. Provision of pump and
elevated tank facilitates sa-
tisfactory water supply.
Where surface water is the
only available source the mi-
nimum desirable treatment
is disinfection. preferably,
by cartridge system. This
can be conveniently done if
the source is a tank. Difficul-
ty arises in case of rivers and
nallahs water from which is
highly turbid and contami-
nated, particularly during
rainy season. In such cases
purification, consisting of
settling and disinfection, is a
most, whatever may be, the
cost of treatment.

(iii) For the success and
popularity of the protected
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water supply scheme, as sug-
gested above, it is necessary
to explain our people the im-
portance of "HEALTH &
HYGIENE". A number of en-
thusiatic public health work-
ers and educators have to
move among the masses and
convince them that by deve-
loping clean habits, they can
improve their living and
working conditions.
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DISCUSSION

Shri M. V. Rao, Nagrpnr: What is the
life of the effective chlorine in cartridges?
Is it possible to use the same cartridge
again and again after refilling?

Shri A. R. Tiwari (Author) ; The life
of chlorine in a cartridge will depend upon
the quality and quantity of the charge and
the pores on the pot. However, we have
observed that a cartridge rendered in-
effective due to blockage of pores still con-
tains some chlorine in the charge.

It is not possible, in practice, to re-use
earthen cartridges because of the pores
completely sealed off.

Shri M. V. Rao, Nagpur : Don't you
think that the chlorine content is increased
considerably because the cartridge is
immersed in water?

Shri A. R. Tiwari: The rise in chlorine
content in a source where cartridge has
been immersed will occur, only during the
slack hours. However, if the rise is con-
siderable, as noticed by O.T. test, the
cartridge can be lifted a little above the
surface of the water so that the chlorine
gas will escape into the water only from
the portion immersed.

Shri A. S. Hariharan, Madras: Is th«
bleaching powder mixed with sand 01
pebble in your method of ehlorination?
If so,, what is the size of the material
used? '

Shri A. R. Tiwari: We have not used
either sand or pebble with the bleaching
powder.

Dr. N. U. Rao, CPHERI, Nagpur: In
our experience, the fine pores of the
earthen pots always got choked in a day or
two due to calcium carbonate. I am in-
terested to know whether the authors no-
ticed any such blockage of pores.

Shri A. R. Tiwari: The cartridges used
by us were made of clay and sand. Wo
have observed that ai least during the first
week, after immersing the cartridge in the
water, blockage of pores does not occur.
Thereafter, the pores appear to be gra-
dually sealed but not to the extent of com-
pletely preventing the release of active
chlorine. It will be seen at Table IV of our
paper that a cartridge has lasted for 72
days. • The residual chlorine could b»
detected only upto 50th day. After that,
although no, residual was detectable the
Water remained free from the B. coli and
this means that the active chlorine con'
tinue'd to escape from the. cartridge and
was just sufficient to satisfy the chlorine
demand of water.

Shri N. M. Parhad, CPHERI, Nagpur;
Cartridge method is extremely satisfactory
for small water supply. How did you con«
trol the chlorine content of water? How
many days did it work?

Shri A. R. Tiwari: Based on the rate
of flow and chlorine demand of water to
be disinfected we may select such a car-
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tridge which, when filled with the cnarge ary as after a weeic or so the pores start
and immersed m the water, may constantly getting choked up and the release of
give a free residual chlorine to the extent chlorine is restricted. Although a car-
of 0.1— 0̂.15 mg/lit. In case it goes beyond tridge can disinfect a well for as many as
this, we can lift the cartridge a little above ninety days, it is better, if a size just to
the surface. Normally this is not neeess- last for a fortnight is selected.
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Madhya Pradesh is the largest
state of the union, having an area of
171,217 sq mile and a total popula-
tion of 3,23,72,408 (1961 Census)
spread over 43 districts. The total
number of revenue villages is 75,510
having a population of 2,77,45,174 as
per 1961 Census. Thus nearly 86
per cent of the total population lives
in rural areas, where there is no
arrangement of safe and protected
water supply, besides there is acute
scarcity of water in summer when
the open wells go dry and the people
meet their requirement from nearby
ponds and tanks which are most unj

hygenic and highly polluted and this
ends into out break of water borne
diseases year after year.

The preliminary survey indicates
that there are nearly 5000 villages
scattered all over the state where
there is no source of drinking water,
what to say of a safe water supply-
While top priority was fixed for the
drinking water supply schemes, in-
spite of country's difficult economic
situation which called for a cut in
all development schemes, our pro-
blem has been, how to provide an
adequate arrangement of water sup-
ply in as small a cost as possible and
in as short a period as possible for
all these villages.

For convenience of working we
divided the number of villages into
two categories: (a) Bigger villages
with population over 1000, and (b)
Small villages with population less
than 1000.

Amongst these villages also prio-
rity was given to those villages
where there was acute water scar-
city particularly in summer.

All these schemes were based on
the principle of cash contribution by
the beneficiaries to the extent of 25
per cent of the cost. For bigger vil-
lages a piped water supply scheme
was designed, which provided for
tube well as a source, deep well
pump, reservoir, and a net work of
distribution pipe lines and street
type public water stand post, at a
cost of Rs. 40,000 approximately. For
small villages it was planned to pro-
vide a tube well with hand pump for
every 200 people, or at least two such
tube wells per village, at a cost of
Rs. 8,000 per village.

This arrangement worked alright
where tube wells were successful in
a sense that small tube wells work-
ed by hand pump yielded 200 to 300
gph or tube wells for bigger villages
yielded 1500 to 2000 gph( so that at
least 5 to 10 gpd/cap could be made

26
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available, and the cost involved was
reasonable.

Madhya Pradesh comprises of vast
areas, which have not been surveyed
geologically, nor any data for geolo-
gical interpretation was available.
While the tube wells helped to solve
the water scarcity problem and to
provide safe water supply to commu-
nities they also provided material for
geological interpretations, but the
greatest problem was where these
tubewells were failure in a sense
that the yieTd': was very poor or these
were almost dry tub'e wells. In such
cases we attempted for alternative
sources, and in quite a number of
cases we have been able to tap the
supply from rivers, nallas which are
not perenial by providing suitable
storage dams. The cost of such a
scheme is fairly high and besides the
maintenance cost also becomes high,
and since we have planned our sche-
mes on the principle of 25 per cent
contribution from beneficiaries, we
had to experience paucity of funds
for execution. A suggestion was
made that the complete scheme be
executed at Government cost, but
our experience with these schemes
show that unless these are financed
by the local bodies the feeling of
ownership is lacking and the people
do not get interested in execution of
the scheme and ultimately do not
want to take advantage after its com-
pletion. On these grounds participa-
tion of the community towards the
cost of the scheme was made compul-
sory and therefore only those villa-i
ges which experienced acute scarcity
of water in summer came forward
readily for execution of the schemes.

From the experience in execution
of the schemes stated above, follow-
ing design criteria has been adopted.

(i) Since census record for many
years is not available, the designed
population is estimated at 50 per cent
over the latest census figures, (ii)
Quantity of water supply is designed
at 5 to 10 gpd/cap, (iii) 16 hours
pumping is provided for electric dri-
ven pumps and 8 hr for diesel driven
pumps. Only one pumping unit is
provided, (iv) Capacity of reservoir
is kept at 15 per cent of the designed
supply, (v) The distribution system
is designed for 8 hr supply, provid-
ing 2 gpm at each stand post tap,
(vi) For small schemes one source of
supply e.g. hand pump is provided
for 200 souls, (vii) Soakage pits are
provided on every public water stand
post.

As per the existing policy all the
complet works are handed over to
local bodies for maintenance.

Maintenance of water supply sche-
me has not been much of a problem
where there was acute water scar-
city, but with the rest some times
the Gram Panchayat or local body
does not come forward to take over
and run the scheme. This gives a
great set back to the popularization
of natural water supply programme
in rural areas. Besides since only
one pumping unit is provided elimi-
nating the provision of a stand bye,
it becomes very difficult to keep the
supply in running order after it has
worked for 4 to 5 years. On account
of difficult position of funds as stated
in earlier paras it has not been
possible to provide a stand bye ar-
rangement. Also repairs for the
pumping units which have worked
for 4 to 5 years involve heavy ex-
penditure which is beyond the capa-
city of the local bodies. In our state,
we have been providing free techni-
cal help to the loeal bodies who have
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been bearing the cost of the material
required for repairs etc.

This arrangment is not at all satis-
factory and many times the schemes
have faced a shut down which has
had a dampering effect on the pro-
gress of these schemes. It is impossi-
ble to operate these small scattered
water works under a central control.
The only correct method would be to
leave it for maintenance with the
local body. It may be stated that
during the last 3 plans a number of
pumps for agriculture purposes were
installed and the consumers who
derive advantage out of this have
been attending to maintenance and
upkeep of the same. The drinking
water supply schemes can also be
managed by local bodies successfully

if the similar incentive as that of the
agriculturist is created with local
body.

The non-availability of spares par-
ticularly for deep well pumps has
also been a cause of great set back.

It would be a great help in the pro-
gramme if the manufactures of the
pumps could provide arrangement
for service and spares in the regions
where there has been demand, thro-
ugh agents or through departmental
stores. Generally the interest of the
manufacturer is limited to the sales.
They do not care for the service and
the spares required for the same. If
the manufacturers attend to the ser-
vice perhaps problem of maintenance
would be solved to a great extent.

DISCUSSION

(Paper presented by: Dr. G. J. Mohanrao)
Prof. Chandrasekhar. Manipal: Has the

location of the tube wells been fixed arbit-
rarily or any study of the aquifer has been
made? Has the yield in the deep wells
been checked periodically? If so, how and
how often? Have there been any fluctua-
tions and if so, how have they been
accounted for? Is the pump removed and
cleaned periodically? If so, at what fre-
quency?

Shri R. A, Khanna (Author) : The State
of M.P. comprises of vast areas which have
not been surveyed geologically. Whenever
possible, Geological Survey Department
was consulted. Now, of course, after a
trial of tube wells in various areas we
have selected sites for tube wells at most
convenient places from consumer's point
of view. The water in tube wells in MP.
is stuck in crevices in rock and successful
tube wells have been drilled even in places
where geologists have no hope.

There has been no method of checking
yield of tube wells after completion of the
same. The design of the pumping equip-
ment is based on the yield obtained in dry

summer. Blank casing pipe is inserted for
at least 30 ft from the top ground level. It
may be stated here that these tube wells
are generally 150-200 ft deep and yield at
1.000 to 1,500 gph is considered adequate
for the villages between population range
of 1,000 to 3,000.

There is no regular aauifler water
available from the crevices in the rock.

As it stands today, the pump is removed
and cleaned only after it goes out of order.
The completed schemes are handed over to
the local body for maintenance as it is not
possible to operate these various schemes
situated at different places under central
control. It was suggested in the paper
that if the manufacturers provide facility
for service and spares the local body could
perhaps go in for regular check ups.

Shri P. Balakrishna Rao, Roorkee:
Regarding cost details of the scheme, it is
not practicable to pay for 25 percent of
the total cost. So, what is the next alter-
native?

If the mechanical equipment goes out of
order in <}. to 5 years then what is the us©
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of giving something which is totally lost
in 5 years.

Shri R. A. Khanna: As was mentioned
in the paper our experience was that
wherever there was scarcity of water, villa-
gers readily come forward with contribu-
tion. We have a system of relaxation of
the quantum of contribution to 10 or 5 per
cent for poor and deserving cases. Full
relaxation was however not advocated as
that had an adverse effect towards the
feeling of ownership.

We have to provide adequate and safe
water supply to the community. Tube
wells help in giving a source that was safe
but to draw water from tube wells mecha-
nical equipment would be required. The
period of 4 to 5 years would be trouble
free run; after which the maintenance pro-
blem starts. This would also happen in
case of urban water supply schemes. As
was suggested in the paper, by proper
maintenance service and facility and
availability of spare parts the system
would be continuous. The investment on
the system is never lost. There will be
tremendous gain to the community by use
of hygiene and safe water.

Shri C. L. Toshniwal, Roorkee: At
3 percent per year the rate of growth of
rural population; the design population of
150 percent would be reached within about
16 years. Would this period be long to
be taken as design period?

Shri R. A. Khanna : The growth of po-
pulation would put pressure on urban
areas and industrial zones by migrations.

so that designed population for rural areas
at 150 percent would be reached not earlier
than 20 to 25 years by which time we may
augment the works starting with the aug-
mentation of source. The task before us is
great and therefore, a balance has to be
reached between the present investment
and future requirement. This has been
suggested by CPHEO.

Shri D. L. Mathur, Udaipur: Mainten-
ance of Turbine pumps in highly mineralis-
ed waters when the shaft of the turbine
pump gets corroded or goes off, is diffi-
cult. What is the remedy ?

Shri R. A. Khanna: The stainless steel
shaft and prelubricated tanks appear to be
a remedy. Of course, we did not have
suoh a problem since there is not much
variation in the water level.

Dr. G. 3. Mohanrao, CPHERI, Nagrpur:
When water is supplied after full scale
treatment it has to be paid for.

Shri R. S. Mehta, CPHERI, Nagpur:
We have very little information about
ground water investigations like tube wells
etc. It is high-time for us to collect infor-
mation on this aspect. New water supplies
which have come up in Sudan, Ethopia
are all paying for the treated water. Water
supply scheme should be self supporting
proposition.

Dr. B. V. Bhoota, Bombay: India has
made tremendous progress in steel sector
and such Engineering equipments are be-
ing exported. When such is the case,
maintenance of mechanical parts cannot be
a problem.
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Development of Community
Water Supply

GERARD ETIENNE
World Health Organisation, New Delhi

Much has been said already about
community water supply; yet, with
the ever-growing need to improve
conditions throughout the world and
the increasing importance which
developed and developing countries
alike attach to the evolvement of
this activity, it is expected that this
subject will continue to remain an
important topic for discussion for
many years to come.

Concerted action on a world-wide
basis originated in 1959> when a re-
port on a comprehensive study of
WHO'S programme in Environmen-
tal health was presented to the
World Health Assembly (1). As a
result, the World Health Assembly
approved a priority programme and
authorized the Director-General to
establish a Special Account for the
improvement of community water
supply on a global basis (2). This*
followed by the technical discussions,
held during the Seventeenth World1

Health Assembly in 1964 (3) andi
action by WHO as well as by bilate-
ral and multilateral agencies, has
given considerable impetus to the
development of programmes in this
field.

From time immemorial, large cities
h^ye been concerned with their wa-

ter supplies, and through the ages
man has devoted much time and
effort to developing skilled methods
in order to ensure the supply of
water—for domestic uses, as a start.
Man has migrated thousands of
miles to slake his thirst; he has also
fought over water, as evidenced by
the well-known story of Sennacherib
of Assyria, who avenged himself on
Babylon by throwing polluted mate-
rial and debris in the city's canals.

The most ancient method of ob-
taining a water supply other than
frorn springs and rivers is undoubt-
edly through the digging of wells.
Historians mention famous wells in
ancient Greece, in Persia and in
India. The digging of wells was also
accompanied by the installation of
facilities for rain-water storage and
distribution. Improvements on these
early water supply installations were
irade by the construction of infiltra-
tiou galleries in Athens some 2000
years ago.

Later, when it was found that the
supply of water to the important
cities of antiquity through wells and
rain water cisterns was quantitative-
ly inadequate, spring sources offered
a practical solution to the Greeks
and to the Romans, and water from

30
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these sources was conveyed from far
distances in aqueducts, which are to
this day an object of admiration. At
the same time, underground reser-
voirs in Egypt and in India were
constructed to serve irrigation pur-
poses.

The Middle Ages witnessed the
destruction of the Roman Empire
and of the aqueducts of Athens and
Rome. As a matter of course the
whole subject of water supply was
neglected. Water continued to be
provided in the more important
cities, but only very scantly; in many
instanceSj the supplies entirely ceas-
ed. The use of grossly polluted wa-
ter became then a common occurren-
ce—a situation which undoubtedly
accounted for the ever-remembered
ravages of water-borne diseases of
that era. General improvement to
this state of affairs had to await the
end of the Sixteenth Century, when
special attention was focussed on
sanitary matters. Few aqueducts
were, however, built, and spring wa-
ter sources continued to be the main
source of supply to serve big cities in
Europe and the Americas.

No appreciable progress in public
water supply was made in the Eigh-
teenth Century. However, it should
be mentioned that the introduction
of power-operated pumps at that
time gave considerable impetus to
the construction of modern water-
works, developed in the following
century. Then rapid growth began
and numerous water works were
constructed the world over.

Calcutta was the first city in India
to have a modern water supply in-
stallation; this system was construct-
ed in 1870.

The most interesting and valuable
phase of development in the field of

water supply is undoubtedly the im-
provement of the quality of supplies.
Water purification was practised in
China and in India thousands of
years ago. That impure water is the
cause of outbreaks of different disea-
ses was also recognized by the Ro-
mans who constructed their aque-
ducts beyond the reach of pollution.
However, modern water treatment
operations were introduced in the
Nineteenth Century and the installa-
tion in England of the first slow sand
filter in the early eighteen hundred
is the starting point of the rapid de-
velopment which followed in Europe
arid in the USA. Disease prevention
became then well established; so was
the role of the engineer in this field
of activity.

Looking into the evolutive process
of community water supply, one may
observe that, up to the late Eighteen-
th Century, most of the largest cities
were able to draw water from rela-
tively safe sources. An ample sup-
ply was also available to satisfy
man's limited demands. However, as
more and more water was made
available to meet the increasing
needs, man soon learned to waste
water—a situation which further de-
teriorated because of population
growth, the development of indus-
tries and the increasing impact of
urbanization. Never before has there
been so much effort to overcome
these difficulties as is now being
made; yet the gap between the pre-
sent needs and today's water supply
conditions is alarmingly widening.

The magnitude of this problem
was defined in a report made by the
Director General to the Seventeenth
World Health Assembly (4). This re-
port was mainly based on the find-
ings of a study carried out by WHO
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in 1963, in 75 selected countries of
the world. It was found that out of
a total of 320 million people, "only
about 'M per cent of the urban popu-
lation in these countries, and cer-
tainly less than 10 per cent of the
total population, is supplied with
piped water in the home. The report
further reads: In the 75 rejected de-
veloping countries studies, the popu-
lation is expanding at an annual rate
of 2.4 per cent, i.e., almost 40 per cent
faster than the world population as
a whole."

The status of urban water supply
(as of 1962) in South-Central Asia*
was as fp.llpws: 14 per cent of the
urban population, i.e., 12 per cent of
the total population was supplied
from house connections and 20 per
cent from public outlets^ leaving 66
per cent of the urban population, i.e.,
48 per cent of the total population,
not served. No survey was carried
out in the rural areas, but one may
presume that the situation in these
areas is much worse. It is also esti-
mated that the rate of water supply
construction for the next fifteen
years will need to be about eight
times the present rate throughout
the South-East Asia Region** as a
whole, in order to provide 80 per cent
of'the population with piped- water.

Admittedly, water supply to urban
communities has received and is re-
ceiving—increasing attention and
support in most of the developing
countries, where it is quite often
necessary to bring water from hund-
reds of miles to the cities. Existing

schemes are being enlarged and im-
proved; numerous new schemes are
being implemented. However, it is
a well established and disturbing
fact that the construction and im-
provement of water supplies are not
keeping pace with the growth of the
population.

In addition to appraising commu-
nity water supply in the developing
countries, and focussing on the need
for. rapidly improving the existing
conditions in these countries, the re-
port of the Director General listed a
number of steps that are essential in
the promotion of community water
supply, programmes. All of these
steps need not be listed here again,
but the following, it is felt, are pre-
requisites:

i) Formation of a national policy on
community water supply.

This is the basic requirement. In-
deed, today, in spite of all the aggra-
vating conditions arising out of in-
dustrialization, population growth,
etc., not only the resources but the
scientific and technical means for
solving current problems of commu-
nity water supply are available and
can be utilized. What is urgently
needed in many countries is the pro-
motion of' a national policy in which
water supply is incorporated in the
general programme for economic
and. social development. National
programmes and their organizational
structures will, among other things,
generate public interest, stimulate
initiative, on the part of communities
and attract financial support.

South-Central Asia Region is defined as comprising the following countries:
Afghanistan, Ceylon, India^ Nepal and Pakistan.

Sputh-East Asia Region which includes Afghanistan, Burma, Ceylon, India, Indo-
nesia,'the Maldive Islands, Mongolia, Nepal' and Thailand. Mongolia, which
joined WHO more recently, was not included in the survey.
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Of this need, the countries in the
South-East Asia Region are fully
aware. India took the lead, when, in
1954, the Indian Government initiat-
ed India's national water supply
and sanitation programme and allo-
cated substantial funds for its' im-
plementation.

ii) Organization of a water Authority
The creation, under appropriate

legislation, of a Central Authority to
deal with all problems related to
c6mmunity water supply is a "mo-
dern trend and was first suggested!in
1961 by a team of WHO
This Authority should p
ordinated action, assure feoniid
nical and financial control and give
momentum to those programmes
that are so urgently needed in many
developing areas, where more than
one government agency has responsi-
bilities regarding water supply.

The structure and functions of
such an Authority will vary from one
country to another, but, as recom-
mended by the WHO consultants, it
will be so constituted that it will be:

"—an efficient engineering and
management unit;

"—a financially sound business
operation:

"—a responsible governmental and
political agency;

"—a good neighbour and co-ope-
rating associate for all the lo-
cal governments of the metro-
politan area."

The West Bengal Government in
India, with the assistance of WHO,
acting as the Executing Agency un-
der a Special Fund project establish-
ed the Calcutta Metropolitan Water
and Sanitation Authority, following
these general lines. It is expected

that this Authority will enter into
active operation in the not too dis-
tant future. With the developments
that are now under way in some of
the other countries of the South-
East Asia Region, it is hoped that
similar activities will be undertaken
by the governments in these coun-
tries.

iii) Preparation and technical plann-
ing of community water supply
programmes.

There are many examples of water
schemes having been imptelnehted
t^-iserve moderate 's|2'e cities wfeicli;
sb*T âr "amtWt to'iib more {h;an"ra
h'oftgfe-pod'ge of sttiarl inadequate
s'cn'emes 'because the projects have
not been soundly planned. Too often
a supply for a community is from
a source the capacity and potability
of which have at no time been inves-
tigated. These small schemes are
short-lived and expensive and often
contribute to making unsafe water
more readily available to larger
groups of people. Community water
supply programmes need careful pre-
paration and technical planning.
Once the basic information is avail-
able, the second phase of develop-
ment should be the preparation of a
Master Plan^ which is an engineer-
ing and economic study and sets out
a programme designed to proceed in
Stages that are adapted to the condi-
tions of the country concerned.

Careful technical planning of com-
munity water supply programmes
calls for a large number of qualified
and experienced personnel at all
technical levels. Shortages of such
personnel, impose severe restrictions
on the rate of new water construc-
tion and the practice of satisfactory
operation and management of com-
pleted schemes.
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The most significant cause of
world-wide deficiencies in commu-
nity water supply schemes is the
huge financial outlay required for
construction. Apart from the initial
capital investment necessary, there
are the recurrent and cumbersome
operational and maintenance costs.
Therefore, despite increasing aw,are-
ness of the fact that community wa-
ter supply- is a basic factor- in eco-
nomic development, government are
still unable to face up to the costs
which will necessarily be entailed if
improvement in this field is to be
of any significance. It is hoped that
the Asian Development Bank will
provide an- additional source of finan-
cial assistance for the development
of community water supply in the
South-East Asia Region.

Many sources of assistance to wa-
ter supply programmes are available
today from international organisa-
tions, regional or bilateral agencies
and private institutions. Interna-
tional sources within the United Na-
tions system include the United Na-
tion's Special Fund, the Expanded
Programme of Technical Assistance,
the World Health Organization, the
International Bank for Reconstruc-
tion and Development, the Inter-
national Development Association,
and UNICEF.

WHO is in a position to assist go-
vernments in, preparing requests for
obtaining assistance from interna-
tional financing agencies for commu-
nity water supply programmes.

Summary
Down through the ages, communi-

ties have been concerned with their

water supplies. There has been
steady improvement of water supply
to cities, and: the most interesting:
and valuable phase of the develop-
ment is the quality of the water sup-
plies. However, a. large proportion
of the. population of the world today
is not adequately supplied with wa-
ter. Everywhere in the world water
fe- connected^ with troubles due to
ppgulation growth, and development
of industries and the increasing im-
pact of urbanization. The magnitude
of the problemr with regard to- the
gap-between present and future wa-
ter needs and today's water supply
conditions has been, studied and- de-
fined by WHO, and; appreciable
efforts have been made by many of
the developing countries; yet the
rate of construction of new schemes
is not keeping pace with today's
needs in the world. In defining the
problem. WHO also, made a number
of recommendations, which were em-
bodied in a report made by the Di-
rector-General to the Seventeenth
World Heaith Assembly.

International assistance to water
supply programmes is available, and
WHO can assist even in the stage of
preparing requests arid schemes.
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The Galeufta Metroftolttan District
is Spread over an area of four hund-
red' s<Ju&re miles on either side of
the Hodghly river and include the
fbur districts—Howrah and Hooghly
on the right bank and 24-Parganas
and the Kalyani Division of Nadia
District on the left bank (Fig. 1).

N

There are thirty tteree municipal
towns with a total population of 5.5
millions, in this area. Small commu-
nities, as enunciated, with popula-
tion of 50,000 and less constitute an
appreciable portion as is evident
from the particulars given below:

District

Hooghly

Howrah.

24-Parganasf
Nadia
(Kalyani only)

No. of small
communities

13

13

22

2

Percent of
the total
population

70

24

24

—

Fig:. 1

The3e small communities are
mostly urban and industrial. Altho-
ugh the river Hooghly is in close
proximity to them water supply to
these communities is derived from
tube wells. The following reasons
may be attributed for tapping
ground water for drinking and other
domestic purposes from tube wells.

(i) Soil conditions are most
favourable for sinking
tube wells,

35
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(ii) The water is bacteriologi-
cally safe and can be
supplied directly to the
consumer even without
chlorination.

(iii) The chemical quality of
the ground water in most
of the localities conforms
to the prescribed stand-
ards and generally does;
not require pre-treat-
ment, if sunk in proper
strata.

(iv) Other factors include
low initial capital outlay
and recurring costs.

Notwithstanding the variations in
chemical quality^ ground water has
been exploited to the maximum ex-
tent in the entire region and also in
other districts in the state of West
Bengal.

The strata in the entire region is
underlain by wide spread and thick
alluvial deposits comprising a succes-
sion of clays, clays with kankar, peaty
intercalations, sandy to silty clays
and fine to coarse sand the thickness
of which varies from place to place.
The ground water occurs in very thick
zone of saturation from within a few
feet below ground level to a depth
yet unknown. The water table at the
top levels is very shallow and is con-
sidered to be polluted (Cronin et al,
1960). But the water in the deeper
zones is in a confined state as it is
overlained by layers of clay. This
water rises within 10 to 20 ft below
the surface in the tube wells tapping
the confined aquifers. The data,
hitherto available, indicate that the
average yield from a 8 in. diam tube
well usually ranges from 20,000 to

40,000 gph. The depth of the tube
wells vary from 200 ft to about 750 ft
and the chemical quality is highly
variable. Results of test borings'
carried out at greater depths upto
2100 ft by the Exploratory Tube
Wells Organisation and the State Go-

^vernment. in some selected sites in
the area indicates that at gfeatef
depths the yield of water increases

/but.there is considerable deterioration
in chemical quality as shown in
Table II. In view of this and the

• high costs involved, the idea of sink-1

ing deep tube wells have more or less
been abandoned. Already in this re-
gion a very large number of tube
wells have been sunk for community
water supply. The chemical quality
of water derived from these areas
shows a considerable variation irres-
pective of their locations, depth and
output, Wells situated even within a
short distance from each other show
a marked variation in chemical and
bacteriological quality.

Materials and Methods

A comparative study of the water
quality from different tube wells in
this region is described. The engineer-
ing data pertaining to depth, dia-
meter, length of strainer used and
yield of water have been collected
from the authorities concerned and
are given in Table I (a) and VI (a)
Chemical and Bacteriological analysis
data available from both the records
of the same source and of the labora-
tory have been used for the purpose
of this paper. The analysis data on
total solids, total hardness fas
CaCO3) , Chlorides (as Cl) and iron
content only have been used (Table T
(b) and VI (b) ): Results of bacterio-
logical examination are given in.
Table III,

/ •



WATER SUPPLY IN CALCUTTA METROPOLITAN DisfRict

TABLE I (a)^EN(&INEERIN6 DATA t>JF TUBE WELLS IN SOME SMALL
COMMUNITIES OF CALCUTTA METROPOLITAN DISTRICT

Description (Location)
Population Dia- Depth

(1961) meter (ft.)
(in.)

Length Yield
of stra- gph
iner (ft.)

RIGHT BANK

Bansbaria (M)
No. 1.
No. 2.
No. 3.

45.463 6
6
6

6
4

369
394
388

372
380

72
72
99

65

17,350
20,280
27,200

14,900
10.250

gpd

Bhadreshwar (M)
No. 1.
No. 2.

35,489 12

Champa3ani (M)
No. 1. 42.129 S95 105 29.000 20

Rishra (M)
No. 1.
No. 2.
No. 3.

38,535 6
6
6

368
410
410

73
90
87

20,850
24,200
24200

Halisahar (M)
No. 1.
No. 2.
No. 3.

50.000 421
420
333

104
105
103

North
Dum-Dum (M)

No. 1.
No' 2.

38,140 386
403

106
106

33,780
25,500

30,000
30.000

20

Konnagar (M)
No. 1.
NO. 2.

Kotran^ (M)

LEFT BANK

Kalyani (M)

29,443

31,031

10 000

6
6

8

399
380

379

81
81

100

22,700
22,400

33,780

21

—

40

20.2

Garulia

Khardah

(M)

(M)

No. 4.

29,041

28,362

6 350 105 22,400 —

15.6

Dum-Dum (M) 20.041 398 101 45,000

Budge Budge (M)
(including Batanagar) 39.824 11.2

(M) = Municipal Town
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TABLE I (b)—CHEMICAL DATA OF TUBE WELLS WATER IN SOME SMALL
COMMUNITIES OF CALCUTTA- METROPOLITAN DISTRICT

Description (Location)
CHEMICAL ANALYSIS

Total Solids Hardness Chloride as Cl Iron (Fe)
(mg/lit) (mg/lit) (mg/lit) (mg/lit)

RIGHT BANK

Bansbaria (M)
,: . . , . . NO. i . .

. No. 2..
200.0
160.0

Rishra
< •

(M)

- ,•
i •

• N o .

• No.
• N o .

1.
2.
3 •

53.0
56.0
54.0

Hajisahar (M) .

,.,
. NO. I..

No. 2,
. No. 3.

No. 4.

33.0-
33.8
33.0

•260.0
300.0
310.0

9;2
•8;0
• 8/2

(• ~7J:-

0.5
Traces

No. 3.

Bhadreshwar ,(M)
,' -'.,.- No. 1.

No. 2.

Champadani (M)

—

440.0
400.0

460.0

80.0

250.0
250.0

290.P-

70.0

37:0

5.0

Traces
Traces

Nil

0-05
0.04

Konnagar (M)
'. • No. 1.

' • No. 2.

Kotrang (MT "•"

. ( LEFT BANK

Kalyani (M)

1494.0

—

280.0
654.0

325.0:

160.0
' 456.0

344.0

-

3^
0.9

1.6

0,6
Traces
Traces

Gar'ulia (M)

Khardah (M)

North
Dum Dum (M)

.".i; :;•: N o . 1. 1,100

{•>••'• • N o . 2: 1 ,100

.490.0
575.0

250.0
260.0 Traces

Dum 800.0 V'. Hard 475.0 1.2

Budge Budge
(-including Batanaear)

= Municipal Town
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TABLE n-'VARLAWONS IN CHEMICAL QUALITY AT DIFFERENT DEPTHS

Location

I. D. H. Belliaehata

E. T. O. Municipal
Market : (HOWRAH) :

Doodwallah Park
(HOWRAH)

Depth
(ft.)

140 — 450

471 —> 550

699 — 872

900 —» 987

200 — 370

425 — 570

570 — 615

700 — 730

124 — 195

204 — 339

339 — 524

Total Solids
(mg/lit)

1306.0

1320.0

—

1240.0

1420.0

1400.0

1980.0

3600.0

3120.0

4470.0

Total Hardness
(mg/Iit)

298.0

164.0

398.0

592.0

210.0

340.0

200.6

270.0

340.0

230.0

320.0

Chloride as Cl
(mg/lit)

S16.0

354.0

440.0

898.0

300.0

399.0

290.0

292.0

570.0

630.0

620.0

Iron (Fe)
(mg/liO

2.1

0.95

1.4

1,6

2.0

Traces

4.4
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25.0

17.0

35.0
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TABLE HI—BACTERIOLOGICAL EXAMINATION REPORT

S. No. Name>of the Tube,Well'!
: ': :• ;: I;: ft

Standard , Colifpnn r Strepto-
Plate> - i per >'M0 ml cocci per
Count MPN 100 ml
37 °C—24 MPN

•Hrs

Iron
•Bacteria

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Natabarpal Road, Howrab

Naras'ingha Dutta Road, ; !
Howrah ,., ! 1 \.i

Doodvala Park, Howrah

Panchanantala, Howrab' ; •

Bharpara, Howrah

College Ghat Road.
Howrah

Salkia Reservoir No. 1,
Howrah

E.T.O. Market Area.
Howrah

Belilose Park, Howrah

(.•• r i m CV>

'Sradhananda Park ' l'J ' "
Howrah '< 1 1 1

Naskarpara Road, "•" ' i -

Howrah

Bandhaghat, Howrah

Howrah General Hospital
Tube well No. 1

Howrah General Hospital,
Tube Well No. 2

B. E. College, Sibpur No. 1
,. No, 2

7
4:2xlO8

VJ 1.5X1 6i
S 2.2xl6i

60

7.8x10'
32
41

• • 2.2x10a

: • 4 0 :J .

' ' 12

2.6x102

2.6xlO2

28

170
15 ,

3.6x10 »
29x10

60
31
44

T SV
i .• 4 8 ' '

24

2.9x10'

7.2x10 *
}•? 3.9x10'

23
16

1.6x10"

9.6x10 »
,28

1.1x10'

0
210

1.1 r j ( )

; , ; - o ;••

:,: u a
3

23
0
0

"o "

0

0
0

0

0
7

0
4

i . 1 f J ' >

1 l ° o i
V.I 1 * ' •

1 ' ' : ' O ' •

0

93

0 u
0 ) :

0
0 ,

2400 •

0
0
0

9

—r

0

0
0

—

— •

0

0

0

0

0

—

—,

*

Absenc
Present

Absent
Present
Present

Present
Present
Present

Absent
Present
Present

Absent

Present
Present

Absent
; Absent

Absent
Present

Absent
Present

, Present

Absent
Absent

. Absent
1 Present

Absent

Present
Present

Present
Present
Present

Absent
{ Absent

Absent
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TABLE III—(continued)

S. No. Name of the Tube Well Standard Coliform Strepto- Iron
Plate per 100 ml cocci per Bacteria
Count MPN 100 ml
37 °C—24 MPN

Hrs

16. Hind Motors T. W. No. 1
Uttarcara ., 2

2.4x10'
1.9x10'
1.0x10'

96

•
0
4
0

— Absent
— Absent
— Present
— Present

17.

18.

19.

20.

Poddar Park, Jadavpur

T. B. Hospital, T. W. No.
Jadavpur ,

t>

Regent Estate, Jadavpur

Ganguli Bagan, T,W. No.
Jadavpur „

1
2
3

1
2

41

33
82

7.2x10'

4.3x10'

7.6x10 '
24

0

0
9

93

43

460
0

0 _

0 —
0 —

15 —

t —

43 —
0 —

TABLE iv—CLASSIFICATION OF THE TUBE WELLS FROM CHEMICAL
QUALITY

Small Community Wells

RIGHT BANKS
Howrah General Hospital
Howrah (Big Community Wells)
B.E. College, Shibpur.
Hind Motors, Uttarpara.
Kotrung.
Konnagar.
Rishra.
Champadani.
Badreshwar.
Bansberia.

LEFT BANK
Halisahar.
North Dum Dum
Dum Dum
Jadavpur

No. of Wells

under study

2
12

3
18

1

2

3
1

2

3

4 *
2
I '
7

61

QUALITY GRADING

Grade-I

—

—

2
4

—

2

3

1

2

3

4
2

—
3

26

Grade-II <

—

4

1

3

1

—

—

—

—

—

—

—

1
—

10

Srade-III

2
8

—
11
—
—»
—
—
—
—

—
—
—

4

25
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TABLE V—VARIATIONS IN CHEMICAL QUALITIESqFTUBE WELL

Location

Natabarpal Rd. Howrah.

(1 0

Narsingha Dutta Road,
Howifaih

Doodhwala Park '•'•*

Panchanantala

Bharpara

College Ghat Rd.

Salkia Reservoir
Nq. I.

E.T.O. Market area

Bellilose park

SrSdhananda Park

Naskarpara Rd.

Bandhagat

WATERS IN

Total Solids |

(rng/lit)U;' .

3304.0()

2796.0' .

2338.4
1968.0
1976.0,

— '

2346.0
155O.o"

787.0
810.0
784.0

2364.5

3932.0
3372.0

1692.0

1612.0

1620.0
2050.0

920.0
810.0
884.0

880.0

882.0

1278.0 T
1284.0 \

" 2212.0 > '
1

HOWRAfl

Total
Hardness
(mg/lU).

580.^
8 9 4&.

700.0
564.0 ' '
651.0

—

840.5

714-4 '

400.0
426.0
454.6''

472.0

1084.0
1170.09

577.2

658.0

639.0
722.0

499.0
336.0
486.84

365.1

400.0

592.8

656.0

857.8

Chlorides
(as Cl)
(nig/Ht).

' ' 870.0
" 780.0

•,-. ., :'• 7.41.0. •'•:
203.0

' • 95&T
735.0

• " 275,5

817.0,

200.0
193.5
215.12

—

815.0
1225.0

530.0

520.0*

235.0
367.0
184.32

154.00
359.04

186.5
362.8

510.0

Total Iron

0.04
1.60

0.138

1-4
5.5 '
0.6

0.136,

5.0

0.0
0.6
0.16

8.5

2.7
2.7

0.5

0.46

oi

' OIM,

0.74

Traces

0.1..
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TABLE VI (a)—TABLE SHOWING ENGINEERING DATA FOR TUBE WELLS

Descriptions
No. of Tube

Population Wells Depth Diameter
surveyed. (ft.) (in.)

Yield

.vi
Howrah General Hospital — 350—

460

Poddar Park

T.B. Hospital

2,000

1,200

700—

750

285—

300

8000-10,000

B.E.

Hind

College)

Motor,

Shibnp'uV

Uttarpara 10,000

3

18

200—

.." 740

—

3—6

4—6

3000-14,000

4000-8000

12000 gph.

2J—6 1500-12,000

Regent Estate 1,000 500—

0

5000

Ganguli Ba«an 4,000 300—

0

6000

Experimental
(A) CHEMICAL QUALITY

1. The pH of these tube well wa-
ters generally ranges from 6.7
to 7.7.

2. The water contains a fairly high
amount of dissolved carbon di-
oxide.

3. The sulphate content of waters
. is very low ranging from traces
to 57.0 mg/lit.

4. The total alkalinity and total
hardness are very high. The
hardness is present mainly in
the form of carbonate hardness
£nd wherever high non-carbo-
nate hardness is encountered it
is present mostly in the form of
chlorides of Calcium and Mag-
nesium. _ .

5, The Calcium .and Magnesium
content in the tube wells arp
also very high. • - ~
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TABLE VI (b)—TABLE SHOWING CHEMICAL DATA FOR TUBE WELLS

Descriptions Total Solids

1. Howrah General Hospital

No. 1.

No. 2.

2. B.E. Collegej Shibpur
No. 1.

No. 2.
No. 3.

3. Hind Motors, Uttarpara
No. 1.
No. 2.
No. 3.
No. 4.
No. 5.
No. 6.
No. 7.
No. 8.
No. 9.
No. 10.
No. 11,
No. 12.
No. 13.
No. 14.
No. 15.
No. 16.
No. 17.
No. 18.

4. (a).
Poddar Park

No. 1.

4. (b).
T.B. Hospital

No. 1.
No. 2.
No. 3.

5. Regent Estate
No. 1.

6. Ganguli Bagan
No. l.
No. 2.

(nog/lit)

29670
3109.0
1243.0
1257.0
1398.0

790.0
3372.0
766.0
1442.0

1276.0
1532.0
794.0
794.0
744.0
1760,0
1784.0
2032.0
1508.0
1656.0
1858.0
1536.0
1750.0
1736.0
1720.0
850.0
330.0
1074.0

840.0

1396.0
760.0
1928.0

698.0

2436.0
1892.0

Total Hardness
(mg/lit)

12140
1173.0
624.0
599.0
588.0

392.0
1170.9
373.0
391.0

579.0
728.0
466.0
461.0
451.0
818.0
495.0
820.0
707.0
786.0
823.0
7i3.0
747.0
747.0
747.0
444.0
284.0
488.0

175.0

444.0
212.0
653.0

335.0

869.0
722.0

Chloride (as Cl)
(mg/lit)

1281.0
1302.0
533.0
406.0
377.0

42.0
1225
39.0
387.0

376.0
535.0
165.0
165.0
173.0
682.0
624.0
643,0
530.0
572.0
643.0
596.0
677.0
643.0
534.0
211.0
24.0
326,0

172.0

534.0
142.0
730.0

152.0

857.0
612.0

Iron (Fe)
(mg/lit)

1.6
0.8
1.2
0.2
Traces

0.2
2.7
0,24
0.5

0.04
0.54
0.30
0.60
0.14
0.56
1.6
0.12
0.14
0.7
2.4
0.02
0.4
1.16
0.06
0.06
0.04
1.40

0.32

4.6
0.18
1.8

0.26

0.22
0.44
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6. None of the waters examined
so far shows the presence of
fluorides.

7. The chloride content in the wa-
ters is generally higher than the
prescribed limits for drinking
water but in the tube wells loca-
ted in Serampore (Hooghly dis-
trict) and above in close proxi-
mity to the river, have a low
chloride content. Below Seram-
pore the general trend of chlo-
ride content is that it increases
with depth. No definite correla-
tion, however, between the two
can be drawn.

8. The iron content shows wide
variations ranging from traces
to a maximum of 8.5 mg/lit. Ge-
nerally the tube wells in
Howrah-Salkia area and Jadav-
pore have a higher iron content,
than in other locations. No spe-
cial treatment for iron removal
at the pumphead is given and
the water from such wells as
supplied to the consumer re-
mains turbid.

From the point of view of the che-
mical quality the water from tube
wells under survey, may be classified
into the following three grades.

Grade I : In this grade are group-
ed the tube wells having
low dissolved solids, to-
tal hardness, chlorides
and iron content and are
close to the maximum
acceptable and well with-
in maximum permissible
concentrations.

Grade II : Waters from these grouos
are within the maximum
permissible concentra-
tions.

Grade III: Waters from this group
mostly exceed the maxi-
mum permissible limits
for drinking water.

Sixtyone tube wells are included in
the survey out of which 47 tube wells
are situated on the right bank and 21
on the left bank and their classifica-
tion from quality point of view are
shown in Table IV. It will be seen
from the Table that 26 wells fall un-
der grade I, 10 wells under grade II
and 25 wells under grade III.

(B) BACTERIAL QUALITY

The tube well waters in most of
the localities are free from Coliform
bacteria and the water is supplied to
the community as such without chlo-
rination. In a few wells, however*
presence of Coliform organisms was
observed in the samples collected
from the distribution system in the
near vicinity of the pump house of
the tube wells. Most of the wells
showed presence of Crenothrix only
while in a few wells both Crenotrix
and Leptothrix have been isolated. It
was observed that where Iron bacte-
ria have been isolated breakdown in
the wells due to rusting away and
clogging of pipes by filamentous
growth of the Iron bacteria has been
reported. But here also no correla-
tion could be found between the pre-
sence of Iron bacteria and the con-
tent of iron in the well waters.

Discussions

The large scale exploitation of the
ground water sources of the tube
wells in the Calcutta Metropolitan
District has been very indiscriminate
and without proper scientific assess-
ment of the water quality obtainable.
In several tube wells there is eviden-
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ce of positive f deterioration m the
qua'Iity-bf the water with the passage
6f' time. It is believed that near Cal-
cutta lo'c'al rainfall may replenish the
water in the shallow aquifers while
the deeper aquifers may be rechar-
ged from the Ganges-Bhramaputra
systems (Cronin, op. cit). But from
the laboratory analysis data on re-
peat samples from same tube wells
taken at different intervals of time
do not indicate evidence of such re-
plenishment (as is evident from
Table V). There is however certain
amount of uncertainty about chemi-
cal quality. In the area south of
Serampore chemical quality of tube
well waters varies erratically (both
laterally and vertically), there being
a marked variation in quality within
a very short distance. This is very
well exemplified from the chemical
qualify of the tube well waters in the
premises of Hindusthan Motors near
Uttarpara. Here, within an area of
about four hundred acres 18 tube
wells of 4 inches diameter have been
sunk for water supply to a small
c6mmunity consisting of 10,000 inha-
bitant's and for the factory. The wa-
ter derived from the wells show ap-
preciable variations not only in the
yield but also in the chemical quality.
The quality of water from 11 out of 18
tube wells is very poor. Four wells
have yielded water of good quality.
In such situations it would be advan-
tageous to pump waters from differ-
ent tube wells to a centralised service
reservoir so that water with varying
chemical constituents could be blend-
ed together before it is delivered to
the consumer. The quality of the
blended water may conform to the
prescribed limits for drinking water
and may not require any pretreat-
merit for removal of iron and hard-
ness.

Conclusions

(a) The water derived 'fr8fn tube
wells serving small communi-
ties in the Calcutta Metropoli-
tan Districts is of variable
quality and in most cases ex-
ceeds the limits prescribed for
drinking water.

(b) Tube wells situated in Seram-
pore and above yielded water
of good quality and below Se-
rampore the quality is highly
erratic. Almost all the wells
in Howrah-Salkia are of poor
quality.

(c) There is no definite correlation
Between the depth of the wells
and the chemical constituents,
such as chlorides and iron etc.

(d) Wherever Iron bacteria have
been isolated the breakdown in
the water supply due to clogg-
ing of pipes and incrustation
by the filamentous growth of
Iron bacteria is very common.
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01SCUSSION

Prof. V. Chapdjrasekhar, Manipal: Test
borings to greater depths extending upto
.2,100 ft below ground level have not
yielded water of good quality. Has the
water been analysed? How has it been bad
in quality? How is the clogging of pipes
overcome? What are the filamentous
growth eliminated?

Shri S. Rajagopalan, (Author) : Test
borings have been carried in several loca-
tions in and around greater Calcutta under
the joint auspices of the Public Health
Engineering Directorate of West Bengal,
the Exploratory Tube wells Organisation
of the Union Government and the Geologi-
cal Survey of India. Borings were carried
out upto 2,000 ft or so and complete analy-
sis of'Vhe water derived at every 100 ft
depth' and that of the stratum (lithological
studies) have' been done. The general
trend was that beyond 8,00 ft or so, there
was an increase in chlorideSj hardness,
dissolved solids and iron.

Clogging of pipes due to growth of
filamehtbus b'acteria were overcome by
periodical cleaning of the particular sec-
tion of the j>ipte and flushing the mains
with bleaching powder solution.

.4> •• • • '

Sh.r.i B. K. Lonsane, CPHEUI, Nagrpur:
In. addition to iron bacteria, some slime
producing bacteria are also responsible for
clogging of the pipes. I would like to
know whether the authors have bacterio-
logically examined the material. Which of

the organisms were responsible for the
clogging ? If so, what are the results ?

Shri S. Rajagopalan: The isolation of
iron bacteria and their identification re-
ported in this paper are made from the
water samples collected from tube wells.
We have not so far examined the pipe
clogging material for organisms other than
iron bacteria as this aspect of the problem
is outside the scope of the survey pre-
sented in the paper. However, we would
examine such growths, if any, in the pipes
of the distribution'system. The authors
are thankful to you for the suggestion.

Shri N. M. Parhad, CPHERIf Nagpur:
Was the iron bacteria estimation done
quantitatively or qualitatively? How was
it done quantitatively? What was the me-
dium employed for the identification of
the.iron bacteria? What was the type of
iron bacteria predominant in the findings?

Shri S, Rajagopalan: Iron bacteria
have been isolated from, a large number
of samples of tube well waters. Qualita-
tive analysis only was done. No methods
have so ̂ far been reported in the literature
regarding quantitative enumeration of iron
bacteria.. They are filamentous type and
hence counts are. not easy.

The medium used is Duchou and Miller's^
as given in the 12th, Edition of Standard
Methods
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Regarding the type of iron bacteria,
generally Crenothrix have been identified
in the samples of tube well waters, but in
far well samples, both Cremothrix and
heptothrix have been seen.

Shri S. D. Gomkale, Btaavnagar: Refer-
ence was made regarding permissible limit
of chloride contents in water. WHO has
given a limit of 500 to 1,000( mg/lit tor
TDS for drinking water. All the methods
for conversion of saline water to conven-
tional water should give a product with
TDS of less than 500. Some methods like
electrodialysis removes salts in proportion
to original concentration, Thus, it this
method gives a product of less than 500
mg/lit. which is permissible it is quite
likely that concentration of some iron
exceed permissible limit. I want to know
the permissible concentration of common
iron in drinking water.

Shri S. Rajagopalan: The tolerance
limits of dissolved solids in drinking water
will be found in the 2nd edition of the
WHO Publication, "International Standards
for Drinking Water", Drinking Water
Standards of U.S. P.H.S. and the I.C.M.R.
Standards. The maximum acceptable and
permissible limits of some of the dissolved
solids are as follows :

Max. Max,
acceptable permissible
concentration concentration

1. Total solids 500 mg/lit 1,500 mg/lit

2. Colour 5 units 50 units

3. Chlorides 200 mg/lit 600 mg/lit

4. Sulphate 200 „ 400 ,,

5. Calcium 75 „ 200 „

6. Magnesium 50 „ 150 „

7. Iron 0.3 „ 1.0 „

8. Mn 0.1 „ 0.5 „

9. Cu 1.0 ,, 1.5 ,,

Shri N. V. Ramamohan Rao, Hyderabad:
I want to know whether fluoride is com-
pletely absent in all the waters tested and
please let me know whether these waters
contain sodium bicarbonate giving rise to
any excessive alkalinity.

Shri S. Rajagopalan: Fluorides were
completely absent in all the waters tested
so far. The alkalinity of the water is due
to calcium and magnesium present in the
water as bicarbonate. In as much as the
chloride content is also very high, it may
be inferred that all the sodium in the wa-
ter is likely to be present as NaCl. In
none of the samples examined so far, the
alkalinity ever exceeded the hardness but
the hardness is in excess of alkalinity.

Shri R. P. Mishra, CPHERI, Nagpur:
It has been mentioned that the water from
the tube wells is bacteriologically safe.
Could you please support the statement by
giving the average coliform counts, E. Coli
I count and faecal streptococci count of
the waters derived from these tube wells
or shall we take it that all tube well waters
always showed 'nil' coliform and faecal
streptococci count per 100 ml.

Shri S. Rajag-opalan: Please refer to
the original paper wherein it is stated that
tube well waters in most of the localities
were free from coliform bacteria. But in
few cases, presence of coliform and strepto-
cocci were observed, specially so when the
samples were collected from the distribu-
tion system. For further details, Table III
of the paper may please be referred to.

Shri A. S. Hariharan; Madras: India
has now its standards of water quality.
The ICMR constituted an expert committee
and they have prescribed standards of
water quality which has been published as
a manual. The standards have been pres-
cribed for the various ions under the per-
missive and excessive limits. The limits
for toxic substances have been laid as ab-
solute. The bacteriological requirements
have also been given.

Shri S. Rajagopalan: This is only a
statement supplementary to the discussion
on the various standards that have been
developed such as the WHO and American
PHS.

Shri J. M. , Dave, CPHERI, Nagpnr:
What is the static water level in the
Hooghly basin and what relationship
does it have with acceptable water qua-
lity ?

Shri S. Rajagopalan: The static level
of water varies from 10 ft to say 35 ft in
the region.
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No correlation can be drawn between
the static water level and the acceptable
water quality since the chemical quality
of the water derived from a tube well de-
pends on the depth at .jvjhich water is
tapped. At greater depths in some areas
the water quality has been reported to ba
poor.

Shri P. C. Bose, Calcutta: In Calcutta,
ten wells were drilled upto a depth of 2,000
feet. The water quality deteriorated as

the depth increased. There was an in-
crease of calcium and iron content and
hence the growth of iron bacteria took
place in these waters. As we go away
from, the river bank, the quality of the
water improves. In the Central Calcutta,
it is more brackish.

Since the supply of water has been
started from the tube wells, the cholera
incidence has gone down considerably.
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Community Water Supplies in France

J. S. S. LAK^MINARAYANA
Central Public Health Engineering Research Institute^ Nagpur-3

Rural regions deserve all encou-
ragement for the establishment of
proper civilized conditions. Water
supplies form an integral part of the
rural development. The rural regions
of France, in many respects, resemble
those of India and it is profitable to
know about their community water
supply systems.

Administrative Organisation

The main cell of the organization
is a "Commune" in which 100 to a
few thousand habitants live. Normal-
ly the area occupied by these people
ranges from 10 km3 to 50 km9 but
on average 15 kma. Some are very
small in which a few hundreds of
people live but sometimes there may
be many people in a small area. His-
torically these were lordly estates
which were taken away by the peo-
ple's Government after the revolu-'
tion.

The communes are situated some-
times very near to each other or iso-
lated. There are 38,000 communes in
France of which 1000 are cities and
towns and the remaining 37,000 are
very small and they comprise the
rural communities.

The communes are administered by
a Municipal Council. The Municipali-
ty is at liberty to decide about its

equipment, modernization, food and
water supplies etc. in its own depart-
ments of its province. The province
is governed by a Prefect who is a
representative of the Government.
The prefect will decide about the
communities public security and dif-
ficulties but with reasonable mana-
gement.

As the communities are small and
they are many times situated nearer
to each other for realisation of cer-
tain projects and for the execution of
some services they are grouped into
"Syndicat Intercommunal" i. e. Inter-
communal Syndicates. These function
normally on the same rules of a com-
mune and their objective is to exploit
the reserves of water, electricity,
creation of an hospital, sports
grounds, swimming pools etc To
guard the interests of the proprieters
of the private properties there is an
Association called "Association Syn-
dicale Fonciere". There are "Coope-
ratives" whose functions are mainly
connected with commerce, service
conditions etc.

These groups of committees-com-
munes, syndicat Intercommunal and
Association Syndicate Fonciere—plan
their activities together and elaborate
their projects with a technical person
of their choice.

50
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Rales tor Subsidization

The Government accords permis-
sion and aid only to such projects
only if they fulfil the following con-
ditions: The project (a) must be well
conceived in the interests of the col-
lectivety of people and for the gene-
ral, promotion of the communities, (b)
should have an honest and judicious
claim, (c) the credits should be well
employed and (d) the realization
must be correct confirming to the
project.

The main control for accomplish-
ing: these projects rests with the Mi-
nistere de 1' Interieur for big cities
and towns. The rural communities
(37,000 of 38,000), having 50 per cent
of the total population of France, are
under the Agriculture Ministry.

The theory of subsidization favours
mainly for: (i) difficult equipment
which can not be available for the
rural areas and (ii) the medium
sized projects which should have the
following technical aspects: the inte-
rests of the collective people should
be satisfied, in the general interest
there should be coordination, avoi-
dance of double-employment and
wastage or squandering of funds, and
the plan should be collective.

The services of the technical per-
sons of the Genie Rural are utilized
for all the collective communities but
not alone for one particular collective
community. The technicians of the
commune of the Genie Rural work
together for the realization of the pro-
ject.
Water Supplies and Planificafion

From 1943, one inventory was
maintained for all the rural commu-
nities wherein data on the water re-
source availability, population, di-
verse activities of the population

(small industries, dairies etc.), and
the heeds of the public were collect-
ed. The geological survey for the un-
derground water, the surface waters
analyses and other points of interest
were also investigated. From these in-
ventories the general programme for
the water supplies was established
for the rural areas so as to: (a) hoard
water collectively from various small
water sources (b) to group the com-
munities without leaving any one of
them, as far as possible, and (c) to
assure needs of all the people. This
resulted; in: (i) one principal water
souace for some communities group-
ed together (ii) one secondary water
source for very small groups, (iii) for
individual 'communes' which are
very- far (such 'communes' occupy
l/15th of the total "Communes" of
the 25 departments of the Ginie ru-
ral).

The programmes are chalked out
in such a way so that there may not
be any loop-holes, and acceptable
under the collective economy. Liai-
sons are established between the com-
munes, and the security of continuous
water supplies at the point of con-
sumption is assured.

Naturally this work is very impor-
tant and the Government of France
had instituted a plan for the moder-
nisation of the Equipment in all the
communes. France is now in its 5th
plan period and for the social uplift
the water supplies had formed the
primary objective which is followed
by the sewage and other waste treat-
ment programmes.

Social Revenue
The social evolution has the one

main object of planification of econo-
my so that there will be hundred per
cent justification in the revenue, It
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is difficult to count the revenue in
terms of money but the plantification
had reduced many epidemics, and
the general health and life of the peo-
ple has increased and mortality rate
decreased. As per calculations one
m 8 of potable water costs 0.80 to
1 NF when compared to lifting of
water charges from wells etc. which
costs about 6.50 NF.

For increasing the hygiene of the
animals also good water is necessary
and every year France is spending
800 to 900 million Francs towards this
end. It may take another 13 to 15
years to achieve an ideal goal in this
direction.

Water charges

For potable water-supplies different
formulas exist for water charges. The
collective commune will decide about
the rates depending on their expendi-
ture etc. and it is difficult to genera-
lise.

The industrial establishments,
which take water from the collective
communes, purchase water according
to a rate based on the personnel in-
volved, energy and other charges or
on collective payment or on payment
for the installation.

Management of the Water-works
The collective community employs

a technical employee who runs and
supervises the water-works, fixes the
price of the water etc. But the direct
administration is in the hands of the
local communities of "Communes''
which are affHated to the syndicat
Intercommunal. These local commit-
tees check the prices and handle other
industrial demands concerned.
Subterranean Water

The subterranean water sources
have been thoroughly investigated

and in many parts of France the su-
perficial water-table as well as the
deep water tables are exploited after
finding out its suitability for drink-
ing. In'the case of the latter the geo-
logical conditions sometimes produce
Water with pressure (carbonic acid)
and sometimes without pressure. A
typical installation of pump-house
where the subterranean water forms
the water source could be seen in
Fig. 1. In many instances the sub-
terrariean water is chemically and
bacteriologically pure and hence
without treatment it is used for pota-
ble water-supplies. During the last
few years Morocco was benefitted by
French Experts' advice on its sub-
terranean resources.
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ernment or to a collective union of
public nature like Syndicate of the
communes. Public works department
is responsible for report of the pro-
ject, its construction, management
and supporting of the works like
water-carrier system, transport • etc.
Under the Public Works department's
guidance and administration many
private industrial Corporations or So-
cieties (connected with the water-
works construction etc.) carry out the
projects. All the machinery and
equipment necessary for Public
Works purposes is used collectively.

Participation of Private Societies

The setting up of water purifica-
tion stations is the source of conside-
rable activity in France. Most often
the contractor participates closely in
the planning of a scheme and assumes
responsibility for the choice of me-
thods as well as for their putting into
effect. The individual plants tend to
reveal traits characteristic to them.
The main component parts of a plant
are designed and built by the very
same contracting firm specifically to
meet the requirements of the overall
installation of which they are to form
a part. This in turn made it possible
to arrive at simple and elegant solu-

tions notably in the field of hydraulic
regulators, mud bed decanters and
automation devices, Degremonts' de-
canter pulsator and Aquazur, tele-
mecanique equipments. Detecture
combine Triphone T 64 of the com-
pagnie Franca ise des conduites d'eau,
ozonizres etc. France produces most
of the raw-materials such as pipes,
motors and pumps, water meters el-
ectironic Instruments, Chemicals for
sterilization of water etc. that are
necessary for the water-supply sys-
tems. Societe des Fonderies de pont-
a-Mousson, La telemecanique. Etts.,
Vincent Frer.es Haguenau, Societe
Rateau, Socieite Nouyelle de Sondage"
Rateau, Societe Nouvelte de Sondage
"Bonn Esperance", CEM (Cie Electro-
mechanique compagnie dps Faux et
I'ozone) are some of the well-known
manufacturers of some of these equip-
ments.

Appendices A to D will show some
examples of community water sup-
plies of different population sizes.
These indicate existance of very good
co-operation and organizational capa-
city amongst the communes which
live harmoniously with each other
The water-supply of the Saone-tur-
dine is an excellent and typical exam-
ple.
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Sydicat Intercommunal d' Abduction d' Eau de V Echei Superieur

TIEFFEN BACH (Bas-Rhin, France).

Comparative Table (1958—1965)

Consumption of water
per year (nj8 )

Electrical energy
consumed per year (kwh)

1575 10893 15469 26151

5139 12049 19531 23381

29076 29178 32907 29879

23844 31045 37328 33178:

g

Population served (habitants)

Number of house connections
provided (maison).

450 450

105 116

1100

292

1100

296. 301 308 312

>

§5

Year 1958 1959 1960 1961 1962 1963 1964 1965

Water charges per head works out to 0.20 N.F.
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APPENDIX H'

ALIMENTATION EN EAU POTABLE

des coteaux et du Haut-Plateau Vosgien de la region Nord-Ouest de Colmar
a-partir de la nappe phreatique de la plaine

CONSOMMATIONS

Communes

Daily water consumption

Maximum
m»

100

250

63

88

307

244

Minimum
m>

90

225

55

70

Us
70

Yearly

32.850

82.125

20.075
22.550

52.439

25.754

Sigolsheim

Ammerschwihr
Katzenthal

Nfedermoitsehwihr

Trosis-Epii

Labaroche

6850 habitants 1052 655 235.793

APPENDIX 'C

RESERVOIR AND WATER-TREATMENT
STATION FOR RIBEAUVILLE

—Population

Actual: 4.700 habitants

Basis for the project: 5.000 habitants
Existing old reservoir has a capacity
of 500 m 8

Source of water—stream water

—New reservoir:

Capacity : 1.000 m8

Height of water d' eau : 2.60 m8

—Reserve total

2x500 m8 - 1.000 m»
lxlOOOm8 = 1.000 m8

Total = 2:000 m8

reserve for daily consumption: 1.500 m 8

general reserve : 500 m8
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. APPENDIX TV

ASSOCIATION INTERCOMMUNAL AND I N T E R S Y N D I C A L E FOR THE
DISTRIBUTION OF WATER SAONE- TURDINE

Name of the Communities
Number

of
communities

Total water
demand per

day

—Syndicat de la REGION de TARARE
—Syndicat du VAL d'AZERGUES
—Syndicat du CANTON du BOIS

d'OINGT
—Syndicat de la BREVENNE
—Syndicat d'ANSE et REGION

i.^Ville de TARARE
.-^Commune de l'.ARBRESLE
—Commune du BOIS d' OlNGT
-Commune de CHESSY

TOTAL:

14 communes
25 „

9
3
4
1
1
1
1

2.300
1.700

700
600
500
2.000
600
200
200

m8 /day
m'/day

m*/day
m8 /day
in"/day
m8/day
m'/day
m8/day
ms/day

59 8,800 m8 /day

Total population served —48,000

The under-ground water present in the Alluvial belt of SAONE in the plains
of Amberieuy—D' Azergues and the water present in dam of Turdine form the
water resources.

DISCUSSION

Shri U. J. Bhatt, Baroda: I am happy
that the author has shown on the screen
the water intake at River Rhine. I would
like to mention here that the public health
engineers can come and see such a system
consisting of 2 wells for a water supply of
the Refinery Project. I have the honour
to introduce this for the first time in India.
This is the cheapest and quickest method.
The cost of 20 mgd plant is Rs. 45 lakhs.
The time taken for one well was six
months and for the second well it was five
months. The complete well system will
cost Rs. 68 lakhs and time of completion
will be 28 months.

Prof. C. H. Khadilkar, Baroda • Hon.
Minister of Public Health declared open
before the sub-committee of Parliament
that estimated cost of supplying potable
water to villages an'd semi urban towns is
about 1,400 crores while she was able to

get only 325 crores for the Fourth Plan
period. This is only one fifth of the re-
quirements and as such we might be touch-
ing the fringe of the problem. The infor-
mation I have from a developed country
in the continent showed that the water
supply schems are at present executed at
a cost of about one fifth of the estimate of
our similar Indian projects. They were
able to achieve this cost level on account
of the approach adopted by that country
in getting the design of such projects. The
Government of that country declared
thirty years ago that they have accepted
the responsibility of getting safe water to
drink to each and every individual of the
community ( and that no work in the
country should be carried out by outside
agency. It must be done by the local
people with the talent and material avail-
able in the country. The Government re-
quested a Professor of Public Health En-
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gineering of a University to work out a
filtration plant for water treatment. He
was allowed to incur the expenditure
without any limitation. He ordered for
units of different filtration plants from all
the nations who are fabricating such units.
He handed over the plants to his post-gra-
duate students for operational study and
the students and his associates built up a
new unit incorporating the best from
different units set up in the University
campus.

A paper was presented before a meeting
of engineering associates of the country
and was submitted to the Government for
consideration. The Government approved
the suggestion and asked the public health
engineering division to fabricate and instal
such a pilot unit with the component
elements manufactured in the country.
They told me with a sense of satisfaction
and pride that they were able to set up a
pilot plant within three months or so, AH
the works are now being executed under
the direction and supervision of the Go-
vernment departments instituted for this
purpose.

We must have such an approach if we
mean to solve the problem of community
water supplies. We have Universities and
the Public Health Engineering Research
Institute. We must do something to acti-
vate our efforts. Some shock treatment
may have to be given. I am optimistic
and hope something more in that direc-
tion.

Shri T. Durairaj, New Delhi: Recent
assessment has shown that about one thou-
sand crores of rupees are needed for the
entire sanitation facilities. It is impossible
to provide such a huge amount in the
budget. The local bodies should be able
to look into their water supply schemes.
Regional sewage and water boards should
be set up and a radical orientation in the
approach has to be done. Most economical
schemes have to be given and the planning
has to be very effective.

Dr. B. V. Bhoota, (Chairman) : I thank
all the speakers for their interesting pa-
pers. I wish to say that all our ideas
should be passed through the scene of
economy and to stress the unportance of
water pollution control.
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Screen Wells Improve the Yield of
Community Water Supplies

J. N.

College of Engineering, Guindy

A portion of the rain that falls on
the ground percolates through it and
alls'the interstices of the sub-soil.

Jguch a sub-soil holding water is called
an aquifer and is regarded as a natu-
ral storage reservoir from which wa-
ter may be withdrawn. The water
thus stored underneath the ground
•is termed as "Ground Water".

Ground water that is available for
community water supplies is most
commonly found in a strata of gra-
vel and sand as water bearing sand
formations provide the largest reser-
voirs of ground water in this country
and elsewhere. They are the sources
of water for many communities. Sand
aquifers offer several inherent advan-
tages over consolidated rock aquifers.
They are more uniform in their abi-
lity to yield water and they play a
significant role in removing the impu-
rities including bacteria from the wa-
ter that flows through them.

The most common way of exploi-
ting the underground water source is
by the construction of wells. Infil-
tration galleries and radial collector
wells are also in common use but a
system of vertical wells designed to
provide a large water supplies by in-
duced infiltration has a number of
advantages over them. The vertical

, jrolls are e.asier and cheaper .to cons-
truct and.to maintain and the initial
investment is therefore much less.

The grading or size analysis is one
of the "important characteristics of

' d that we need to know in order
design ,arid .qonstruct a well pro-

in a .water bearing sand forma-
tion. This analysis shows the distri-
bution of grain sizes and this is used
in the selection of the proper size of
the slot openings for the well screen
to be used. Comparative analysis of
the samples taken at various depths
indicate what part of the formation is
likely to yield the maximum quantity
of water. The complete sieve analy-
sis of a sand sample is plotted on a
graph paper to provide a curve which
shows at a glance how much of the
material is smaller or larger than a
given particle size.

Size of Screen

The length of the screen is dictated
by the thickness of the water bearing
formation and the level of the draw-
down. The well is pumped such
that the pumping water level is at or
slightly above the top of the screen.
The available drawdown is therefore
the distance between the static water
level and the top of screen. If the
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screen length is doubled, the maxi-
mum yield would be increased by
afeout 70 per cent (1). Best design
dictates screening the lower 1/3 to
1/2 thickness of aquifer. But if the
diameter is increased, say doubled,
other things being equal an increase
in specific capacity of only about 10
per cent is obtained i.e. the increase
iri yield' is ndt commensurate with
the increase' in cost (2). Hence the
diameter harr to be decided on the
basic principle of- etvtraiiee velocity
of the w&ter through the screen open-
ings:/The ustrai screen entrance velo-
city is 0.1 ft/secv. With this • velocity;
friction^ losses^ rate of incrustation
and rate of corrosion are minimum.

Size of SYfreen Opening

The selection of well screen open-
ing is made from the sieve analysis
curve. For a naturally developed
well, the screen openings are usually
selected at a size about equivalent to
the median size of the sand, usually
in the range of size which will retain
40 to 50 per cent of the material. 40
per cent retained size is chosen if the
water is not corrosive and if there is
no' question as to the reliability of
the sarrtple. Fifty per cent retained
size is chosen if the water is extreme-
ly corrosive or if there is some doubt
as to the reliability of the sample or
in other words, the openings are deli-
berately selected large enough to al-
low about 1/2 of the formation sand
to pass through i.e. the screen open-
ings1 should'retain about half of sand
(4). This means finer half will be
removed leaving, the coarser half as
developed zone. To determine the
correct slot'opening,it is only neces-
sary to select the point on the graph
where the' 40 per cent (or 50%) re-
tained size-intersects the sieve analy-

sis curve and then determine the size
from the horizontal scale.

Type of Screens
V shaped openings of the slot type

widening inwardly are superior to
square holes in a wire mesh or drilled
holes in a- pipe wall since sand grains
make contact with only the 2 edges
of the slot and there is far less tenden-
cy for the sand to become wedged in
the two sided slot, plugging the open-
ing. The V shape of the slot allows
any- sand grain that is slightly smal-
ler- than the- throat of the opening to
pass freely into the well without
clogging* Thfe most advanced design
of well screen is recognised to be
one with V slots which are continuous
openings around the entire circum-
ference of the screen.

Dfeveiopienit of Wells
This is an operation removing the

finer particles from the formation
leaving an envelope of the coarser
particles around the well screen. This
enveloping or developed zone has
much higher permeability and greater
porosity than the original formation
material. The yield of the well and
its life are thus increased and sand
free water is pumped from the well.

The fines are removed from the for-
mation by a washing action. To be
fully'effective, this action must be a
surging type of agitation of the water
in the well. Water must be moved
in and out through the screen open-
ings to wash out all the fine particles
that will pass through the screen ope-
nings and bring them into the well.

Pulling water in one direction only
through the screen openings such as
pumping or bailing alone may do, will
remove some of the fines. But rever-
sal of flow is essential to fully deve-
lop a well and bring it to a sand.
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free condition and to its best efficien- Location of Wells
cy.

When water moves in only one di-
rection some of the fine sand grains
will arch across or bridge the larger
openings between 2 or more coarser
grains. They will stay bridged in
this fashion until the water move-
ment is reversed. When the flow is
reversed, the bridging is broken up,
some of the particles are rearranged
and the fine grains move through the
voids in the formation and through
the screen slot openings. Surging
water in and out through the screen
openings finally brings the whole
zone affected by development to a
"stable" condition. The coarsest ma-
terial with all the fines removed is
immediately against the screen. A
little further away, some medium
sized grains remain mixed with the
coarse. Beyond that the material gra-
dually grades back to the original
water bearing formation. Under this
condition, no more sand will move
into the well no matter how heavily
it may be pumped. Fig. I shows the
difference in the formation.

Fig. 1

Surging action can be made by any
of the following methods :

i) Using up and down a surge
plunger with cable tool equip-
ment, or

ii) Forcing the water out of the
screen into the aquifer by com-
pressed air or by increasing the
water head.

The most desirable arrangement is
to locate the wells at equal spacings
on the circumference of a circle. The
composite performance of a group of
ordinary size wells located in a pro-
per pattern will equal that of a sin-
gle well. The equality between the
battery of smaller wells and the ima-
ginary large well will hold both with
respect to total yield and drawdown.
Construction of single large well will
be impracticable or very costly but
installing the battery of smaller wells
can be readily and economically ac-
complished.

Description, of Work Done

.An existing well 12 ft diam. and
34 ft deep located in the river bed
supplied about 2 lakh gallons of wa-
ter per day. It was decided to in-
crease the yield from this well. The
summer water table at the river bed
stands at the river bed itself. The
sub-soil particulars at the well site
are shown in Fig. 3

It may be seen that there is 63 ft.
depth of sand at the site As the sum-
mer water table stands at the bed of
the river, the entire depth of sand is
saturated. The effective size of sand
ranges from 6.16 mm to 0.23 mm and
the uniformity coefficient ranges
from 2.0 to 3.75. As the sub soil is
fairly good and fully saturated, it is.
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possible to develop good wells with
suitable screen at this site.
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Fig, 3

Eight numbers of 6 ifi. screen welis
Were installed all round the existing
12 ft. shallow well at regular inter-
vals in the circiimfe.rence df. a circle
With â radius 3f H'-Q" as indicated in
Fig. 4.

The screen wells were sunk to the
full depth of the aquifer with anti-
corrosive brass screens for the bottom
30 ft. depth. The strainers were pro-
vided with slot openings in the shape
of V with divergence inside. The
size of the slot was chosen as 0.015"
to be in conformity with the median
size of the sand at site and thus ena-
bling 50 per cent of the finer sand
particles to pass through the screen.
Above the weii screens 6 in. M. S.
pipes were attached and they were
stopped at a level 6 ft. below the
river bed and connected on to the
shallow well as shown in Fig. 4. The
bottom of the shallow well was plug-
ged with concrete and thus it could
no more serve as an infiltration well

Of.
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but orily'as-a: collecting tub fdr the
screen1^ wells installed all around.

The screen- wells were developed
individually before they were connec-
ted on to the central tub. The deve-
loping was done by alternatively
pumping in and out water and re-
moving the accumulated sand-parti-
cles which were smaller than the slot
opening.

Individual pumping tests were con-
ducted" in each of the screen wells
before they were connected, on to the
central tub. The pumping rate was
kept at 385 gpm. Different draw-
down's were noticed in the different
wells. The draw-d6wn varied from
8 ft. to, 15'-9": The draw-down in
different wells is tabulated as shown
in. Table I.

TABLE

Screen
Well No.

1

2

3

4

;i

U
r»
J

8

Draw
down'

9'-3"'
l l ' - 3 "

8'>-6''
15y:9"
10'-6<'

8'-0"

8'-9"
8'-9"

Rate of
plimping-
tn gpm

385

385

385"
385

385

385

385

385.

Specific
vertical
yield in

gpm

42

34

45

24

37

48

44

44

Pumping tests were conducted
after all the Screen wells were con-
nected on to the central tub. A cen-
trifugal pump was installed over the
central tub and made use of for pum-
ping tests. The details of the pump-
ing tests are shown in Table II.

TABLED

In -

ter.
val
in

min.

5

5

5

5

5

5

r>
5

5

5

10

30

Depth of
water
level
during
interval
in ft.

7.25

4.00

3.00

1.50

0.50

0.33

0.17

0.16

0.08

0.04

—

—

Av. depres-
sion head
during
interval
in ft.

3.62

9.25

12.75

15.00

16:00

16.41

16.66

16.83

16.95

17.02

—

—-

Qty. dis-
charged
during the
interval
in gal.

6090

6090

6090

6090

6090

6090

6090

6090

6090

6090

12180

36540

Qty. of
wafer in
gallons
in well

5125

2822

2120

1060

353

234

120

113

56

28

—

<—

Inflow of
water in
weii
during
interval
in gals.

065

3268

3970

5030

5737

5856

5970

5977

6034

6062

—

Yield
in

gpm

193

654

794

1006

1147

1171

1194

1195

1207

1212

—

—

Specific
vert.
yield
in gpm
per ft.
depth

50.3

70.7

60.0

60.7

71.7

71.4

71.7

71.0

71.2

71.2



EN WELLS

£he data in Tables I and II
.liefer ,tp infiltration wells in the Cau-
very River bed at Trichy while the
author was in charge and has been
reproduced in the article subject to
tfoe approval of the Public Health
JEJnĝ negring ̂ Department, Madras.

A V notch with the angle of V as
90° ,w.a.s ,u§ed for measuring the flow.

Jpiscjijisigjtt $pfl Conclusion

From the details of the pumping
tests it is noticed that the combined
specific vertical yield from all the
screen wells is only 71 gpm. The
sum of their individual spcific ver-
tyc^al .yiejld shquld be 318 gpm as pej
:£abje I. As against this only 71 gpm
.has been obtained as shown in Table
•II. It only shows that there was lot
of interference which is due to the
closeness of their location. Probably
a w,ider circle for the location of the
wells could have yielded much more
waijer with the same number of wells
and the same drawdown due to less
(interference between the .wells.

Further, due to the limitation of
t&ie suction of centrifugal pumps, the
drawdown was limited to only about
17 ft. In any water bearing strata,
maximum yield can be expected if

,draw ,dpwn is. extended upto the
•top.of-.the screen which means a draw
down of-35 ft. in this case which could
be achieved by using a deep well
pu.mp. For this draw down, the yield
thai .PjQujd ,be expected even with
this close spacing would be 71 x 35=
2,4.85 gpm or 3.56 mgd or nearly
£ .rqgd. With wide,r spacing of wells
it Qould :be muqh more. As the first
cost and .maintenance are not much,
it would be good practice to go in for
such wells and to extract the maxi-
mum ^ground water for be.ing suppli-
ed (tp :;£he ;c.ommun.itie,s qf .medium or
euen .big ..size. Tikis arrangemeat.ca^i
be recommended to aid. towns and
Hajjfcjftyte,:£f jg p ^
located -cloge tp fivers where there is
sufficient depth of sand saturated
with water.

Reference:

1. Xhe Johnson National Driller's
Journal, July-August, (1957)

2. The Johnson National Driller's
Journal, September-October (1963)

3. The Johnson National Driller's
Journal, November-December (1957)

4. The Johnson National Driller's
Journal, July-August (1963)

DISCUSSION

Shri B. L. Mahabal, V.J.T.L, Bombay:
How the radius of 22'6" was arrived at for
the circle on the circumference of which
six screen wells were situated? How one
goes about to decide the correct spacing
of the wells?

Shri J. N. Ramaswamy, Guindy, Madras :
The radius of 22'6" has been fixed arbi-
trarily in this case to suit the practical
working conditions.

The most desirable way of locating the
wells is in a circle. Under this condition
the entire group of wells acts as a compo-

site single well. Again the distance bet-
ween two consecutive wells has to be deci-
ded such that there is no interference
between them. To do this; preliminary
investigations have to be done to decide
the cone of influence etc. between the
•.veils.

Shri U. J. Bbatt, Baroda: I would like
to know the latest water supply installed
by the system of screen wells. I under-
stand that an yield of 4 mgd could be ob-
tained by proper spacing of screen wells
and proper selection of pump sets etc. I
wonder whether larger water supply of 10
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mfid and above can be obtained by this
method rather than by Tadial collector
systemi which the author has dismissed as
uneconomical. It would be worthwhile to
study the relative economics as I am in-
clined to believe that such a system will
prove economical for 5 mgd and above.

Shri .1. N. Ramaswamy, Guindy, Madras :
This is the only instance where the system
has been tried. The yield of 4 mgd could
be increased to even 10 mgd if the wells
had been located at a radius greater than
22'6". The radial collector well system
is costly in that special equipment is need-
ed to drive the wells together, with skilled
workmen etc. However, comparative costs
must be studied in detail before coming to
a conclusion that radial wells will be chea.
per for 5 mgd and above.

Shri J. M. Dave, CPHERI, Nagpur:
I would like to mention that the author
can improve the performance of the wells
by increasing the effective head by elimi-
nating the bend which reduces the avail-
able drawdown.

The need for eliminating 50 per cent o*
fine sand as referred to by the author is
not a standard practice, but it might have
been successful in this particular instance

Shri J. N. Rawaswamy, Goiudy, Madras:
I agree that the performance will be im-
proved if the bends are eliminated due to
increased head but this could not be
achieved due to practical considerations.

The need for eliminating 50 per cent of
sand is to see that the aquifer is stratified
with the coarsest particles being close to

the screen and coarser particles further
away from the screen. Under such condi-
tions the aquifer acts as a filter and has
been possible to extract water better in
quantity and quality. I have seen in many
of the foreign journals and books the same
method and have not come across any one
instance where it has been successfully
adopted as per the questioner's suggestion.
If he is aware of any such instance. I
would be grateful if it is enlightened.

Shri L. Das, Orissa: I would like to
know whether any trial boring1 was done
across the river in a line perpendicular to
the direction of river flow.

If there was proof of good width of sand
aquifer it will be desirable to locate tube
wells in a line across the river and the
distance between tube well could be kept
more than in the case reported by the
author wherein the wells are located along
the circumference of a circle. By adopting
such a method there will be more flow into
the tube wells and hence more water
could be obtained. Ranney's method of
collection will be costlier than the above
arrangement.

Shri J. N. Ramaswamy, Guindy, Madras ;
Trial borings were done in and around the
area. There was proof of good aquifer
oyer a vast area of the bed.

The suggestion offered is good. It could
be possible to extract more water if the
wells had been located in a straight line
across the river as suggested at such dis-
tances in between as not to cause inter-
ference.
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"Regulated Reservoir Operation for
Augmenting Community Water Supply»»*

B. B. BHALERAO
Central Public Health Engineering Research Institute, Nagpur.

Introduction

Increasing population and accela-
rated industrial activities necessitate
the augmentation of water supplies
for urban as well as rural communi-
ties. For surface water supplies one
of the methods of augmentation is to
alter the use of reservoirs from im-
pounding system to regulating sys-
tem. This method as adopted to a
community water supply in U.K. is
discussed in this paper.

(A) Existing system of supply

The Taf Fechan Water Supply
Board serves a population of about
360,000 in a 185 sq. mile area of South
Wales. The only source of supply is
the Taf Fechan Reservoirs which
have a gross maintainable yield of
22.8 mgd. Of this gross amount, an
average quantity of 4.6 mgd must be
supplied as compensation water to
the River Taf, leaving 18.2 mgd avai-
lable for supply purposes.

The major portion of the supply is
fed into a low level trunk main dis-
tribution system working under a
maximum potential of 980' ordinance
datum. A smaller proportion—about

4 to 5 mgd is fed into two high level
systems working at about 1300' ordi-
nance datum potential.

The low level trunk main system
conveys the water a distance of about
12 miles downstream of the Taf Fe-
chan reservoir, giving bulk supplies
at various points en route and termi-
nating in a small service reservoir at
a point known as Cefn Glas, Quaker's
Yard, where the top water level of
this service reservoir is 893' ordinan-
ce datum.

Downstream of the Cefn Glas Re-
servoir the water is conveyed a fur-
ther 20 miles to the southern boun-
dary of the Board's undertaking
where bulk supplies are taken from
the end of the main.

(B) Need to augment the supply

The total average consumption by
the authorities of the Board is within
about 1 mgd of the total net yield of
the Board's resources.

Whilst the consumption of thess
authorities is not, in the main, in-
creasing at a fast rate, the Board con-
sidered that it would be prudent to
commission investigations into possi-

• Paper submitted to D el ft Technological University in partial fulfilment of the
requirements for Diplo ma in Sanitary Engineering, Delft, Netherlands.

65



66 BHALERAO

ble new sources of supply. They au-
thorised a start on the work in 1963
and, in early 1965, they were con-
firmed in their'opinion of the need
to obtain more water by a request
from .one of their constituent mem-
bers for an additional supply of
4 mgd by 1970-75.

The Board have been advised by
their Consultants that they should
seek a new supply capable of giving

.atrleast 5 mgd and preferably 10 mgd.

"(C) 'Possible'means to augment the
supplies

"The Taf Fe'chan reservoir has a cat-
chment area of 8,'35O acres and a capa-
city of 3400 mg. The long term ave-
rage annual runoff is 57.1" and the
safe yield in a 3-dry year period 22.8
mgd of which 4.6 mgd must • be pro-
vided'as compensation water to the
river.

The size of the reservoir is large,
relative to the size of its catchment.
The most economic extra yield could
be obtained by building catchwaters
to bring in runoff from additional
catchment areas. This is not practi-
cable, however, because adjacent up-
land areas to west, north and east are
already reservoired by other water
authorities.

The nearest unreservoired area of
- upland gathering ground lies some
distance from the Taf Fechan valley
and calculations have shown that

"piping the runoff from this area
'would only increase the yield of the
"Taf Fechan Reservoirs by '3 to 3J

"mgd.

Attention has been turned, there-
fore, to the south—or downstream
of—the Taf Fechan Reservoir by al-
tering the use of the Taf Fechan Re-
servoir from a 'conventional' impoun-

ding scheme, to a 'regulating reser-
voir.' When operated in the latter
fashion the reservoir would be used
to • regulate the 'flow of the river so
that, at some point downstream, wa-
ter would be drawn from the river
in greater quantities than would be
possible by drawing directly from
the reservoir. Use is thereby made

•of the runoff from the • catchment
area to the river below the dam and
down to the proposed abstraction
point.

Since it would not be economic to
''abandon the present 13.7 mgd treat-
^'ment-works sited just below the dam,

the.calculations are modified to allow
for these works to continue to give

Jan output of 10 mgd, by drawing
direct from the reservoir to that ex-
tent; whilst the balance of the supply
is obtained from the regulated river

''at the proposed abstraction point.

(D) Salient features of the method

To arrive at the results we needed
•:Uhe^following :

1) Data giving cumulative inflow
in Taf Fechan Reservoir. This
will indicate the potential capa-

. city of the reservoir.

2) A frequency curve for "flow
duration of the river at the
point of abstraction. ' Two cur-
ves were used for the expected
driest periods (defined later)
and the basic calculations are
as below:

1) Runoff from unreser-
voired portion of cat-
chment down to abs-
traction point x

2) Runoff at abstraction
point required to
support given supply y
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3) Amount to be drawn
from storage reser-
voir

4) Runoff to storage re-
servoir

(y-x)

5) Net emptying of sto-
rage reservoir (y-x)—2

The calculations should cover a
period of maximum drought that can
be expected. Experience in the Bri-
tish Isles indicates that a maximum
drought may be taken as commencing
with 60% rainfall year followed by
90% rainfall years. In order to ob-
tain safe working, the reservoir is re-
quired to start to refill within 2 years
i.e. in the wet period of first 90%
year. The storage required to obtain
yield on above method of operation
must be less than or equal to the
capacity of the existing reservoir. In
such a case it is possible to obtain
greater yield than can be at present
obtained by drawing a supply direct
from the service reservoir.

(E) Comparison of data with other
catchments in order to eliminate
errors due to observation.

This was essential since some mis-
takes in observations could lead to
erroneous results.

(a) Data for cumulative runoff in
Taf Fechan reservoir: It was not
possible to obtain values for minimum
cumulative runoff for periods longer
than 12 months by inspection. Cor-
relation with any well established
curves with similar characteristics
was necessary. The following catch-
ment data was available.

1) Thirlmere catchment.
2) Severn catchment.
3) Brenig catchment.
4) Elan catchment.

Comparison of runoff characteris-
tics of these catchments was made
and is shown in Table VII, Fig. 2.
Following conclusions can be drawn.

i) Cumulative runoff curves for
Severn give much lower percentage
than actually obtained at Taf Fechan.
The Severn flows, however, relate to
a considerable proportion of low land
area.

ii) Cumulative runoff figures for
Brenig are also on lower side at 12
months and 19J months.

iii) Taf Fechan observed values do
not give smooth curve, these are too
high in the beginning possibly be-
cause of difficulty in surveying all
the records.

iv) Thirlmere percentages which are
obtained from a synthetic drought
are reasonably in agreement with
observed Taf Fechan values but be-
ing lower than Taf Fechan at 10/12
months. Working on this basis would
be on a safer side and will eliminate
observational errors possibly made in
the Taf Fechan calculations. Thirl-
mere synthetic drought percentages
were therefore taken as guide and
cumulative runoff for Taf Fechan
was obtained.

(b) Frequency curve for 60% and
90% year: Curves were needed show-
ing relationship between flow in mgd.
and days for which it is not exceeded.
It was not possible to pick up the 60%
and 90% year. Curves were needed
showing relationship between flow
in mgd. and days for which it is not
exceeded. It was not possible to pick
up the 60% and 90% years by direct
inspection and use of relevant data
from other catchment was necessary
as a guide. Frequency curves for
Windermere based on daily records
were available and were made use of
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Windermere flow frequency figures
were converted into percentage of
long average mean flow and these
percentages were adopted for new
catchment (Table III). The frequen-
cy curves for the new catchment
were obtained by adopting 50.4 mgd.
as the mean runoff for driest year
(Table VI). The compensation water
at the rate of 6 mgd. from catchment
at the u/s was also taken into account
while arriving at the frequency cur-
ves (Table VI Figs. 5 and 6).

Location of point of abstraction
The point of abstraction was to be

chosen such as to fulfill the following
conditions:

1) It should be sufficiently d/s
from existing reservoir so as to cover
a large catchment to give sufficient
yield.

2) The bacteriological and chemi-
cal quality of water should be such
that the water is amenable to usual
treatment processes.

3) The elevation of the point
should be such that pumping head
is minimum.

(F) Calculations:
Rainfall runoff data for the period

1913-1950 was available for Taf Fe-
chan reservoir catchment. By inspec-
tion, minimum runoff figures for
period up to 12 consecutive months
were obtained and are tabulated in
Table I. From the long term average
annual runoff (57.1") and catchment
area (8,350 acres) figures, (L.T.A.
Runoff 10780 mg. 1 year), % of Run-
off for consecutive month was also
calculated (Table I).

Frequency curves
Average flow in mgd. and flow

frequency as % of mean flow was

also calculated and is shown in Table
II. As discussed earlier, this data
had to be modified to give a smooth
curve thus avoiding any peaks or de-
pressions due to observational errors.
Table III shows % for 60% and 90%
year for Windermere and observed
values for Taf Fechan. The plot of
these on graph paper shows that Taf
Fechan values lie in between these
two curves and hence it can be re-
placed by these curves to get more
accurate results.

In order to select the point of abs-
traction on the river so as to satisfy
the conditions mentioned earlier,
"The Hydrographical survey of Wa-
tershed of River Taf Fechan" was
taken as a guide. Table IV shows
the quality of river in terms of BOD
and O9 saturation % at different
points. On close inspection it was
decided that point No. 9 "Above Taf
Bargoed" with BOD 4.1 mg/lit. and
84% saturation with oxygen was best
suited.

The area contributing runoff to this
point was next obtained from Taf
Fechan W/S bill 1964-55 and drawing
No. 1 and is shown tabulated in
Table V.

Area contributing Runoff
= 16250 acres

L.T.A. Rainfall = 64"
Assuming that the losses for the
catchment are same as those for
Taf Fechan reservoir u/s which are
14"

L-T.A. Runoff=50"
= 18400 mg/year = 50.4 mgd.

Adopting Windermere % and 50.4%
of long average runoff as runoff for
driest year, frequency curves were
obtained. Compensation water from
u/s catchment at the rate of 6 mgd
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was also taken into consideration the suited for cumulative runoff curves,
resulting graphs are shown in Figs. 5 and hence adopted. Table VIII shows
and 6 and calculation in Table IV relevant calculations to give runoff
and VI. for the catchment between Pontsticill

and Quaker's Yard (Fig. 7).
Cumulative Runoff curves: _, , , .. . . . .

Calculations to obtain necessary
As discussed above^ Thirlmere syn- storage capacity for different abs-

thetic drought per cent were most traction rate were next carried out.

Sample Calculations. Scheme 1 (Ref: Figs. 7, 8, 9, Table XI, X, XI)
Total supply by river abstraction.

To get an abstraction of 35 mgd leaving minimum of 10 mgd in the
river and abstracting in such a manner that amount of water left in river=

excess above 10 mgd
(10 mgd+ )

4
The resulting curves of abstraction obeying above rule are shown in

Figs. 8 and 9. Assuming that the first year is 60% year.

i) Release from storage in case when natural flow = (10 + 35 + 35) =

56 mgd approx. (i.e. point B Fig. 8).

ii) This flow is not exceeded for 310 days. The runoff
required in this period=shaded area (Fig. 8) = 15.57 in9

1 in2 =500 mg .*. Runoff required 15.57 x 500 = 7785 mg

iii) Inflow during the same period of 310 days (Fig. 7) = 4200 mg

iv) Deficit during first 300 days of 60% year (7785-4200) = 3585
v) Runoff from 310 days to 365 days > 56 mgd. • No

deficit. Inflow during this period (Fig. 7) = 1230 mg

vi) Deficit at end of 365 days (3585-1230) = 2355 mg
This deficit carried forward to year 2, taken as
90% rainfall year.

vii) Release from storage required for 254 days
= shaded area = 11.54 in9 = 5700 mg

(11.54 x 500)

viii) Inflow from 365 to 619 (= 365 + 254) days (Fig. 7)

(10300—5430) = 4870 mg

ix) Therefore deficit 365 to 619 days (5700-4870) = 830 mg

x) Total cumulative deficit up to 619 days (2355 + 830) = 3185 mg

xi) Inflow from 610 to 730 days (2 years) = 4000 mg
,(14300-10300)
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xii)- Excess at end of 2 years (i.e. resvf. fills) = 815 mg

Maximum deficit = 3185 mg; period 619 days; filling starts after
this period, admissible abstraction since deficit 3185 mg < Taf Fe-
chan storage 3400 mg

Sample Calculations Scheme 3 (Ref. Figs. 7, 10, and 11 Table XII,
XIII, XIV). The total abstraction of 32 mgd. Amount of water left

excess flow above 10 mgd
in the river at any time = (io mgdH )

4
Total abstraction' is obtained by withdrawing 10 mgd directly

from reservoir and 22 mgd from river regulation. Assuming that
first year is 60% year.

22 mgd
i) Flow from unreservoired area atwhicfr release = J.0+22H——

from storage ceases S

= 39 mgd (Point
Bl Fig. 10)

ii>' This flow'is not exceeded for 270 days (Fig: 10) Runoff-
required in this period^shaded area = 8.35 in3

(8.35x500) , = 4175 mg

iii) Storage required to supply.10 mgd from reservoir

from storage ceases = 2700 mg

iv)i' Inflow during 270 days (Fig. 7) = 3400 mg

v) ' Net withdrawal from 'storage for 270 days
(4175 + 2700-3400) = 4375 mg

vi) Inflow to reservoir from 270 to 365 days (Fig. 7)
(5430-3400)' . = 2030 mg

vii) Required quantity from reservoir to supply 10 mgd

(365-270) X 10 = ' 950 mg

viii) Net excess from 270 to 365 days (2030-950) ' =• 1080 mg

ix) Net withdrawal fromrstcn?age f6r first year
(3475-1080) = 2395 mg ;.
If the first year is followed by 2nd ye&fbl 90%' runoff

x) Storage required- for abstraction of 22 nigd for
198 days (Fig. 11) shaded area=5.51 in2 5.51x500' = 2755 mg V8 '

xr)' Required storage to supply 10 mgd during 198 days
198 x 10 = 1980 mg

xii) Inflow to reservoir from 365 to 563 (=365+198) days
(8900-5430) = 3470 mg
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1 xiii) Net withdrawal from storage for-period 365-563 days

(2755 + 1980-3470)

xiv) Net withdrawal for 0-563 days from storage
(2395 + 1265)

xv) Inflow from 563 days to 730 days (2 years)
(14300-8900)

xvi) Amount required to supply 10 mgd during this
period (730-563) x 10

xvii) Net addition to storage at end of 2 yrs.
(5400-3660-1670)

= 1265 mg

= 3660 mg

= 5400 mg

= 1670 mg

70 mg

Showing max. storage requireod 3660 mg for period up to 563 days.
servoir Starts filling after this period.

Re-

Frequency graphs were used to
give period and amount of deficit and
cumulative graphs to obtain inflow
during these periods. The deficit at
end of a certain period indicated the
amount of storage required for that
period. Existing available storage at
Taf Fechan Reservoir being 3400 mg
abstractions demanding more storage
were inadmissible. It was also as-
certained that the reservoir started
filling up within 2 years.

Calculations were carried out for
two methods of reservoir operation.

i) Reservoir functioning as regula-
ting reservoir.

ii) Obtaining part of the supply
from river and part directly from
reservoir. Thus 10 mgd was obtained
from reservoir directly and emaining
demand (20 22 mg respectively for
30, 32 mgd total abstraction) from
river abstraction.

Calculations for both the methods
are attached. Results for scheme 1
are shown in Table XI and those of
scheme 2 in Table XIV.

(G) Conclusion
A comparison of results obtained

by these two methods is shown in

Table XV. These lead to following
conclusions:

i) When fully regulated system
was used it was possible to abs-
tract 35 mgd and even 36 mgd.
The relevent figures for partial-
ly regulated system were 30
and 32 mgd.

ii) In both schemes the reservoir
is filled up within 2 years in
case of admissible abstraction.
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Conse-
cutive
months

1

2

3

4

5

6

7

8

. 9

10.

11

12

Details of
Period

Feb. 1930

July-August 1935

May-July 1921

May-August 1921

May-Sept. 1940

May.-Oct. 1919

April-Oct. 1919

April-Nov. 1919

April-Dec. 1933

Feb.-Nov. 1919

April 1933-Feb. 1934

April 1933-Mar. 1934

Drainage area Taf Fechan

Average annual Runoff

Avg. Runoff per annum

TABLE I

Runoff
(in)

0.00

0.35

1.68

2.62

3.99

6.66

9.38

12.56

17.88

24.00

28.30

32.80

= 8350 acres

= 57.1"

= 10780 mg.

Runoff for the
period x 100

uang term avg.
runoff 57.1"

0.00

0.62

2.94

4.58

6.98

11.68

16.40

22.00

31.20

41.80

49.50

57.50

Average
daily
runoff
(in.)

0.00

0.0058

0.0187

0.0218

0.0268

0.0370

0.0446

0.0523

0.0660

0.0800

0.0850

0.0910
"V-f- t**^- r.

Figures of drainage area and Annual Runoff based on "Hepstead catchwater
summary of calculations dated 1/1/65.
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TABLE H

78

Consecu-
tive
months

1

2

3

4

5

6

7
8

9

10

11

12

w
JS
~ao

1

1

2

3

4

5
6

7

8

9
10

11

12

days

30

61

91

122

152

183

213

244

274

305

335

365

in
>>

• a

30

61

91

122

152

183

213

244

274

305

335

365

% Runoff
as in
Table I

0.00
0.612
2.94
4.58
6.98

11.68
16.40
22.00
31.20

41.80
49.50
57.50

Avg. days in

Avg. annual

Runoff mg Avg. flow
(% x 10780) in the

0

66
317

494

753

1258

1768
2370
3320
4510
5330
6200

month
Runoff

period
mgd :

mg

30.5

0

66

215

177

259

505

510

602

950

1190
820

870

30.5

Inflow
in the
period

mg

0

2.17
8.21
5.80
8.50

16.55

16.75
19.75
31.20
39.00

26.90
28.50

= 10780 mg. :

TABLE HI

Winermere Runoff 60%
yr. mean flow 236 mtfd

mgd

14

123

34

45

73

111

128

133

157

215

308

—

%

5.94
9.75

14.40
18.60
30.90
47.00
54.20
56.40
66.50
91.00

130.50
—-

Windermere Runoff
yr. mean flow 236

mgd

25

38

56

78

107

140

173

224

286

~-

—
—

%

10.6
16.1

23.7
33.0
45.4
59.3
73.3
95.0

121.0
—

—

—

Flow not
exceeding

mgd

1.08
5.17
7.01
7.15

12,53
16.65
18.25
25.48
35.10
32.95
27,70

28.50

= 29.6 mgd

Flow not
exceeding
as % of
mean flow
29.6 mgd

3.6
17.5
23.7
24.2
42.4
56.2
62.0
86.2

118.5
111.0
93.6
96.3

Taf Fechan ob.
90% served
mgd. Jated i

and calcu-
mean flow

29.6 mgd

mgd.

1.08
5.19
7.01
7.15

12.53
16.65
18.25
25.48
35.10
32.15
27.70
28.50

%

3.6
17.5
23.7
24.2
42.4
56.2
62.0
86.2

118.5
111.0
93.8
96.3

Windermere data obtained from Windermere records of Rainfall and runoff
(Fig. 1)
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TABLE V—SHOWING AREA CONTRIBUTING RUNOFF UPTO THE POINT OF
REFERENCE

5. No.

1

2

• " 3

• ,.4

•r5

.'•{6

.Catchment

A

a

, 'C

' ,F

rF(a)

. I ' . E l .

Area Acres

3800

810

3260

5330

1120

1930

Annual
Rainfall

•mg inches

64

64

( 8 4

64"

64:

eV

In order to obtain Runoff figure

it is assumed that the losses

are same as for Taf Fechan

catchment i.e. 14"

Runoff = 64—14 = 50"

which <.is-. sufficiently accurate

assumption in absence of any

further-data.

Total area 16250 acres

1" RunofT on 1000 acres=22:61x10* .gallons

for above catchment. 1625O.iacres arid 50" Runoir
18400 mg/year =50.40

TABLE VI

Windermere 60% year Windermere 90% year

Flow not % x 50.4 Runoff+ Flow not % x 50.4 RuiiOu+6 '
?vlonthjfc days exceeding LTA RunbfT 6 mgd com- exceeding LTA Run- mgd Com-

as % mean mgd pensation as % of off mgd pensation
flow water from mean flow , water from

u/s u/s

/ I

•-'.2

'•3

'"4

"5

, 6

••'r7:

X8-

' • A t f

4o
n

>12

30

61

91

122

152

182

213

243.

274

305

335

365

5.94

9.75

14.40

18.80

30.90

47.0

54.2

56.4

66.5

91.0

130.0

—.

2,95

4.91

7.25

9.65

15.58

23.65

27.30

28.40

33.50

46.10

65;50

—*

8295

10/91

1;3.25

15^65

21.58

29,65

33.30

34:4-0

39:50

52.10

71.50

—

10.6

16.1

23.7

33.0

45.4

59.3

73:3

95.0

121.0

—

—

• —

5.34

8.10

11.95

16.64

22.85

29.90

36.95

47.90

62:00

—

—

—

11.34

14.10

17.95

22.64

28.85

35.90

42.95

53.90

68.00 .

—

—

— • *
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TABLE Vn

(Ref. Fig. 2)

Period
Months

lO months

12

19J

20

Cumulative

Taf Fechan

41.8

57.5

92.0

—

Runoff as %

Thlrlmere

37.5

50.4

—

92.3

of Long Term

Severn

», i . o >

23.2

50.5

71.4

- *

average annual

Brenig

33.3

44.5

79.0

—

runoff

Elan

37.3

49.9

—

89.60

Notes

Taf Fechan values obtained as calculated in table 2.
Thirlmere values obtained from "North Lancashire River hydrological sur-
vey" published by H. M. Stationery office London.
Seven values from graph No.

Brenig values from paper published by W. K. Lewis—"Investigations of
Rainfall Runoff and Yield on the Alwen Brenig Catchment" paper No. 6193
—Institution of Civil Engineers. October 1957

S.No.

1

2

3

4:

Rate of
abstraction

30 mgd.

32 mgd.

35 mgd.

36 mgd.

area in1

12.42

13.67

15.57

16.20

TABLE

mg.

6210

6835

7785

8100

IX

Deficit

period
days

300

305.

310

U10

for 60% year Deficit 90%
proceeded by 60%

graph
No.

8

8

8

8

Area

8.90

9.90

11.40

11.90

period
in * mg. days

4450

4950

5700

5950

600

605

619

620

. year
year

graph
No.

9

9

9

9

The values are obtained from the graphs. 1 in1 =501) mg. on the graph for the
scale adopted.
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TABLE VHI—RUNOFF VALUES FOR

CATCHMENT FROM PONTSTIC1LL TO
QUAKER'S YARD BASED ON THRIL-

MERE %

TABLE IV—SAME AS "GLAMORGAN
RIVER BOARD POLLUTION AND FISHE-
RIES HYDROGRAPHICAL SURVEY OF

WATERSHED OF RIVER TAFF"

Mon- Cumulative Runoff

tns

1
2 , .
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
3 3 .
34
35 ,
36

Annual Runoff

0.003
0.010
0.040
0.075
0.115
0.160
0.206
0.258
0.315
0.375
0.438
0.504
0.544
0.585
0.629
0.675
0.724
0.779
0.848
0.923
1.001
1.111
1.127
1.329
1.370
1.413
1.463
1.519
1.581
1.649
1.721
1.806
1.902
2.008
2.119
2.233

Thirlmere synthetic
Lancashir
Apjpendjlx
London,

Runoff f r a c
tin—. _ _ 1/1*70 wt#«

uon x 1078 mg
mg

32.3
107.8
431.2
808.0

1240,0
1725.0
2220.0
2780.0
3395.0
4045.0
4730.0
5430.0
5850.0
6300.0
6770.0
7270.0
7800.0
8400.0
9150.0
9950.0

10900.0
11950.0
13150.0
14300.0
14750.0
15250.0
15800.0
16400.0
17050.0
17800.0
18550.0
19500.0
20450.0
21650.0
22850.0
24000.0

drought—North
Rivers hydrological survey

Table I—H; M. Stationary Office

Point

1
2

3
4
9

S. No.

i . i
1 1 '

• 1

2
3

4

5
6

8

9

temp BOD
mg/lit

8 4.1

% oxygen

84%

TABLE X—SCHEME 1

period

1

i

235
240
300
305

310
600
605
619
620

Cumulative
Runoff

Tng

2650 mg.
2750
3950

4050

7585
9685
9800

10300

10400

Ref: graph showing cumulative Runoff

S.No.

1
2

3

4
5

TABLE xni—SCHEME 2.

period
days

265
270
553

563
730

Cumulative
Runoff

nig.

320Q
3400
8500

8900
14300
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TABLE XI—SCHEME 1. SUMMERY OF CALCULATION SHOWING STORAGE
REQUIREMENT FOR DIFFERENT ABSTRACTION.

S. No.

1

2

3

4

Abstraction
mgd

30

32

35

36

storage needed
mg

915

2000

3185

3650

period of
low flow
days

600

009

619

620

max. time to
start filling up

reservoir

2 yrs.

2 yrs.

2 yrs.

2 yrs.

TABLE XII—SCHEME Z.

S.No.

1

2

3

Rate of
abstraction

(20 + 10)

(22 + 10)

(25 + 10)

area
in*

7.15

8.35

60%

mg.

3575

4175

Deficit

year

period

265 days

270 days

90%

graph
No.

10

10

year preceeded

area
in ,

4.71

5.51

by 60% year

mg. period

2355

2755

553

563

graph
No.

11

11

TABLE XIV—SCHEME 2.

SUMMARY OF RESULTS SHOWING STORAGE REQUIREMENT FOR
DIFFERENT RATES OF ABSTRACTION.

S.No. Rate of
abstraction

mgd

Storage period of Max. time Excess at
required low flow to commence end of 2 yrs

mg days filling up mg

20 4- 10

22 + 10

2960

3660

553

563

2 yrs.

2 yrs.

1070

70



to'

storage<
reqd. mg.

Scheme
obtained

30

915

period of 600
max. deficit
days.

Excess at
end of 2
years mg.

BHAL.ERA0

TABLE XV

1 Total supply
by river regulation

Total abstraction

32 35

2000f- 3185

605 614

3250 2500 815

36'
t - i '

3650

620

250

10 + 20

2960

550

1070

Scheme 2 Supply by
river regulation
and, from reservoir

(10- mgd)

Total abstraction

10+22 10+25

366.0 —.

563 —.

70 —

available
storage
capacity

at";TaJ'
Fechan
reservoir
3400 mg.

EXTRACT FROM;— TABLE XVI

GLAMORGAN RIVER BOARD POLLUTION AND FISHERIES HYDROGRAPHI-
CAE SURVEY OF WATERSHED OF RIV ER TAFF

SR. NO. SAMPLING POINT TEMP °C BOD
mg/lit

SATURA-
TION
% 02

1 POINT Y CAFNAU

2 MORLAYS BROOK

3 BELOW MORALIS BROOK
4 BELOW BRIDGE STREET WEIR

5 ABOVE ABERCARNAID WEIR
6 BELOW ABERCARNAID WEIR
7 ABOVE TROEDYRIW S. M.

8 BELOW TROEDYRIW S. W.

9. ABOVE TAF BARGOED

10 RIVER TAF BARGOED
11 BELOW TAF BARGOED
12 BELOW QUAKERS YARD WEIR

7

7

7

7

7

7

7

7

8

8

8

8

1.7

111.6

62.4

28.8

21.0

19.6

3.2

3.3

4;i

3.2

3.2

4.1

100
63.5

7«.

85

56

79

69

71

84

92.5

93.5

97

NOTE :—The selected point of extraction is (9) above TAF Bargoed. These points
are shown in Fig.—12
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TABLE—XVII

ESTIMATED DRY WEATHER FLOW OF RIVER TAFF

79

S.NO.

1

1

2

3

4

5

6

"7

8

9

10

11

12

13

14

REFERENCE POINT

2

T.F.W.S.B.
AREA A

CARDIFF CORPN.
AREAB •
BELOW CONFLUENCE OF TAFFS
FAWR', FECHAN
AREA A

BELOW S.W;I*B. STATION
AREA C
BELOW-'NANT fllARLAS
AREA F
TROED-Y-RHIW
AREA F(a)

MERTHYR VALV COLLY
AREA F. 1
AREA E (B. TAFF)

BELOW CONFL. BARGOED TAFF
AREA F. 1 (a)
AREA D, (CYNON)

BELOW CONFL. CYNON
AREA F 1 (b)
AREA G

BELOW CONFL. CLLYDACH
AREA F 2 (a)
AREA H. (RHONDDA)

BELOW CONFL. RIVER RHONDDA
AREA F 2 (b)

TREFOREST ESTATE & TTNPLATE
WORKS
AREA F 3

GENERATING STATION (UPPER
BOAT)
AREA F 4

NANTGARW COLLY.
AREA F 5

TINPLATE WORKS MELIN G.
AREA F 6

CARDIFF DOCKS FEIDER

AREA OF GATHERING
GROUND (ACRES)

3

8.350
3,800

10.400
3;«40

810

3.260

5,330

1.120

1930
8,550

1,500
26,300

2,590
6,010

1,300
27,650

720

2,660

1.280

5.120

4.800

ANNUAL
RAINFALL

(INCHES)

4

MEAN AVERAGE
RAINFALL

«M
4r

ft
"t

04

B4

«4

91

01

60

60

60

Of

60

60

60
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FREQUENCY CURVE
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•o

SO-

TO.

CUMULATIVE AVERAGE ANNUAL RUNOFF

(REFER TABLE T )

TAP FECHAN OBSCRVEO AND CALCULATED

CRENIG OSSERVCD ANO CALCULATED

6 0 X TEAR AS SEVERN

S O I rEAR If SEVERN

THIRLEHERE SYNTHETIC MUUSMT

6 »

90-

«0

3

I

10

to

CQM8ECUTtVE OAVS

• o i to iso iao 2io *TO" aoo wo « M

Fig. 2
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CUMULATIVE AVERAGE ANNUAL RtMOFF

T»f n&UM OVSOVeO VALUtt L.T.A

•Wil l* % »» *PKICD TO 111 rtCMH)

no BO «o t«o t«c tn> too

Fig. 4
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MTOMCNT MOPED

CATOMHCHT •» «

so «o H . iu no K tn t*o zro 100 5» s«e
OAY» raa «MCN m i ruom n MOT CXCISDMC CUTAIN VALUC M. OMMTIOH — • » -

Frequency Curve for 60% Rainfall Year Based on Windormere %
Catchment between PontsticiU and Quaker's Yard

(Ref. Table VI)

fie. 5
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80
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M,t<' ' O * WHICH »COW a BtLCW CCRTMM VAUIt - «• OUKtMOM - ^ ^

Frequency Curve for 90% Rainfall Year Based on Wlndonnere %
Catchment between Pontstieill and Quaker's Yard

(Ref. Table VI)

Fig. 6
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FREQUENCY CURVE FOR 6 0 % YEAR BASIS W1ND0RMERE

CATCHMENT MCA IC2S0 ACRES

L.T.A. R/O SO" P. d .

EQUIVALENT R/O 80 4

BETWEEN PONTSTMIU.

AND QUAKER'S YARD.

• 0 -

70 -

so

so

<0A

NOTli- SAM CURVE IS THE WMOORMCftE CURVE AP(H.lCD TO

THE OATCHHCNT WITH L.T.A. R/O SO-4 tr^J AND

SHPTfO UP 1Y 6 K«qd COMPENSATION PLOW ASSUMED

PROW TAP PAWR RESERVOIR.

ARtAI- ASCO • l t -42 0" « «*W h *

A,«,CO« 18-67 0" • «SSO >»>q

' W 5 T ' a ' • 77*6
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Frequency Curve tor 90% Tear (Basis Windormere) Catchment
between PontsticUl and Quaker's Yard

Note Ffc. 8)

Fig. 9
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Frequency Curve for 60% Year Abstraction by Scheme 2
(See Note Fig, 8 and 9)

Fig. 10



90 BHAliERACT

FREQUENCY CURVE fOR 9 0 * YEA*

ABSTRACTION ACCORDING TO

80 MjO ntOU RfflMI HMUkATmt

10 HfO PROM ftfCSMOW

7O

• 0

• 0

4 0

* l
SOA

*o

IO
0

o-

\

1

}
F
pI

.....

• — -

' — —

Ml

ANCA ABCO • 4 T I tf.« t»S8 «9
ABC A A/VCO • SSI tf* • *»«S « *

/ .

/

i
j

1

/

/

/

/

:

• •
M
t\
11
I I
I I

I!
ii

! !
1

|{
i i
11
!»

—ii 1—*—i

t

•o 9o oo w> . «b
PAY»-

MO i n MO

Fit 11



REGULATED RESERVOIR 91

RIVER TAFF CATCHMENT .
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MTDROSAATMICAI. $OBVfr

**TcatMte or arvcR

FIG. 12
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Fig. 1?
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DISCUSSION

Shrl IT. J. Bhatt, Baxoda: Was the
stream under consideration perennial or
seasonal? W°uld your method of abstrac-.
tion apply to seasonal streams in India?

Shrl B. B. Bhalerao, CPHERI, Nagpnr:
The stream under consideration was peren-
nial. This fact is revealed more clearly in
Fig. 7 and Table VII of the paper.

Strictly speaking this method is not
useful for seasonal streams. However, in
many parts of India like Kerala and Assam
where we have longer rainy seasons, this'
method could be tried.

Shrl C. B. Kharkar, Bhilai: The author
has assumed that 60 per cent run off year
followed by 90 per cent run off years. It
would be interesting if he works out regu-
lated reservoir system for three or even
more bad years of rainfall, i.e. 60 to 50
per cent run off since such conditions exist
in our country.

Shri B. B. Bhalerao, CPHERI, Nagpnr:
As already mentioned in the text, 60 per
cent rainfall year preceeding 90 per cent
rainfall years are the expected driest pe-
riods in South Wales, U.K. For Indian
conditions where we have more severe
driest seasons, it is worthwhile to try this
method for such conditions.

- Shrl J. N. Ramaswamy, Madras: How

F —' 10
was the expression 10 + —<~~—- arrived

4
at? Is it fixed arbitrarily or based upon
any mathematical calculations?

Shrl B. B. Bhalerao, CPHERI, Nagpur:
The expression is an arbitrary one. The
idea involved is that the excess of above
10 mgd, let out in the river will take care
of evaporation, seepage etc.

• * • ;
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Proc. Symp. Community Wat. Supply & Waste Disposal
December 19-21 (1966), CPHERI, Nagpur.

Studies on the Pressure Filter Plant
for Small Communities

J. M. DAVE. S- K. GADKARI, P. Y- KHANAPUBKAR and J. M. TULI
Central Public Health Engineering Research Institute, Nagpur

.*>

Introduction

Many Indian small communities in
villages, or in small industrial plants,
in residential colonies or the army
installations usjng surface water
need filtration etc, for making water
potable. The author has designed a
small economical filter of 5 sq. ft.
area to supply approximately 1,000
gph or 20,000 gal/day for a communi-
ty of 2,000 persons at the rate of 10
gals per capita for drinking purposes-
Also there is very little data available
on design and operation of pressure
filters for practical use. A suitable
unit designed to meet need on expe-
rimental basis was studied for its per-
formance as suitable treatment pro-
cess, for small community and its eco-
nomics.

The Filter

The filter unit is a vertical pressure
filter made up of 1/8" thick Alumi-
nium sheets. The height is 5'-9J" and
diameter is 2'-6". It is filled with
gravel and sand to a height of
3'-2". The sand has uniformity coef-
ficient of 1-66 and effective size 0.6
mm. (Fig. 1). The raw water is
pumped by a centrifugal pump, con-
nected to a 3 hp. motor, through a
2" G.I. Pipe to the filter. In order

to reduce the impact of incoming
water on the top layers of sand, a
deflector plate is provided. The
height of water above sand is nearly
2'-7£", which provides a detention
time of nearly 5 min. at the rate of
1,000 gph.

The underdrain system consists of
a 2" GI- pipe in the center to which
3/4" diam Aluminium pipes are join-
ed at distance of 6" c/c. They are 5
in numbers. Out of them one is 26"
long, 2 Nos are 23" long and 2 Nos
are 13" long. There are 3/8" diam.
holes at 3" c/c on these pipes. The
details of filter unit itself are given
in the Fig. I (a).

To reduce the weight, the filter
shell is made of Aluminium and the
design pressure is limited to 25 psi-
Many steel pressure filters operate
well over 50 psi. But operating ran-
ge of this filter is kept only 20 psi.
The designed unit is intended to be
mounted on a trailer with either elec-
tric or a diesel power unit to operate
the pump and as such can be made
into a mobile treatment unit, even for
emergency purposes. The shell body
though made of Aluminium is design-
ed to take vertical and horizontal vi-
brations due to movement of the

93
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trailor. The total weight of .the en-
tire assembly will be-less than 2 tons.
This means that the unit can .be
mounted.on a 3 ton,truck.or can be
hauled on the trailor by an, ordinary

• 25 hp. agriculture tractor.

HLaboVatory'Set-up

-Due to-water-shortage.,a closed-cir-
cuit setup was used .for rtesting the
filter. In the setup there are two
tanks .separated .: by partition wall-
Their -sizes <are 15' x 15' x 3' and
15' x 6.25' x 3'. The bigger.tank is
used for creating artifical turbidities
in raw water of required intensity.

The small tank is used for collecting
filtered water, which is used for back-
washing of the filter. The smaller
tank-has capacity to hold nearly 1200

-,gals -of water and excess overflows
•into tHe raw water tank over a small

•weir. Thus there is constant dilution
of raw water by the filtered water,
being returned from the filter with
reduction in the turbidity. To main-

tain certain range of turbidity, black
cotton soil mixed with water is added
at regular interval in fixed quantities
to the wooden box placed in raw
water tank, where the filtered water
is returned. (Fig. 2) The. range of
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LAYOUT

Fig. 2

raw water turbidity used in this ex-
periment was 25 to 120 units.

The raw water suction valve is plac-
ed in a wooden box in the corner of
bigger tank- The wooden box is open
from top and closed from sides to a
height of l'-6". This is done to create
vertical baffle in raw water tank.
This prevents the easily settlable
particles being sucked by the suction
valve to the filter and chocking it.

The water applied to the filter was
given a requisite alum dose from a
jar full of 10 per cent alum solution.
The dosing was controlled by measor-
ing the volume of alum solution be-
ing fed per minute. The alum solu-
tion falling into a funnel was Intro-
duced into the suction-foot valve of
the raw water pump, by a rubber
tube. It was presumed that the im-
peller turbulance provided complete
flash mixing and no other treatment

to the raw water was given. The
short detention of 5 minutes in the
filter will be sufficient enough to
form microflocs and filter was pre-
sumed to remove it all. At the ini-
tial starting of the filter a shot dose
of about 30 ml- was given to raw
water for 5 to 10 min. to form the
straining layer on the top of the fresh
sand but this was not necessary when
the filter was In use for about a week
and the sand was well coated with
floes..

Test Operation
Both backwash valve and waste

water valves are closed. The potash
alum solution rate is adjusted and
is fed just at the suction level of the
suction valve by a long rubber tube.
The tube is slightly inserted in the
suction valve.

The raw water pump is started and
the water is led to the filter. All the
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air in the filter is expelled from the
filter through the air release valve
fitted at the top of filter, by operating
the raw water discharge valve and
the filtered water regulating valve.

When air is completely removed
the air release valve is closed and
the filtered water regulating valve is
fully opened. The filtered water is
measured by a V notch box with
90 degrees sharp crested V notch.
Then by operating only raw water
pump discharge desired flow rate
over V notch is maintained. Thus
the test run is started by adjusting
raw water discharge and maintain-
ing the flow rate. The time of start-
ing and the periodic pressure gauge
readings are noted. The flow ' rate
when reduced is controlled manually
by increasing pressure on filter by
operating raw water valve. .:

Samples of raw water near the suc-
tion valve and filtered water at the
V notch are taken after 1/2 hr inter-
val. The filter run is stopped when
pressure reaches 20 psi. Then the fil-
ter is backwashed by operating neces-
sary valves. The hard rate of back-
wash used was 20 gal/sq ft/min. The
time is noted and the samples of
waste water are also collected.

: The filter run is stopped in the
evening and it is re-started next day,
without backwashing, if the filter run
is not complete. The filter run is
complete if the pressure reaches 20
psi value. It was observed that when
filter run was interrupted for a lon-
ger period there was a pressure re-
covery as shown in the graphs and
performance table.

When the pressure is at 10 psi
value, samples of both the influent
and effluent are taken in sterilized

bottles for bacteriological analysis.
Total bacterial count of these samples
at 37°C for 48 hr were noted- And
thus the percentage reduction was
obtained.

For turbidity determination of in-
fluent samples the "Klett Summer-
son Photoelectric Colorimeter",
which is standardised with Jackson
Candle turbidimeter was used with
the standard blue filter of wave
length 420 millimicrons with 10 mm
tube. For determination of the low
effluent turbidities the 40 mm preci-
sion absorption cell was used instead
of 10 mm tube on the same instru-
ment. This combination was also
standardised for turbidity readings
with suspensions of fuller's earth and
its various dilutions.

For pH determination the "Beck-
man Zeromatic II pH meter" was
used.

Results

The results presented here are only
for period of approximately four
months operation and due to initial
difficulty of turbidity maintenance
in the raw water only limited data is
included in this report. The effect of
closed circuit flow did hot appear to
be significant except that alkalinity
was reduced and the pH was chang-
ing. .

The observations as tabulated in
•Tables I, II & III indicate that the ef-
fluent is of high grade quality show-
ing practically 100% removal of tur-
bidity even with variable water qua-
lity.:. :r. : '

The pH values of the influents are
in the range of 80 to 8.2 and the ef-
fluent values are in the range of 7.7
to 8.0-

A)



TABLE I

RATE OF FILTRATION—2.884 gal/sq ft/ min. (§50 gph)

Alum dose 15 mg/lit

c .2
1
©
L,

U

Filter Run

c a
"G 73 §

fa £ j j

r*
t-i

3 3
-• c "-1

0 3 m
H Of C,

73
OH

m
e 

in
in

.

ia
nt

it
y

ga
l.

_g

Back Wash

B
.W

.
at

er
ed as

te
at

er

HI i .

I f
>
o

T
ur

bi
di

PH

t>
<

. o

i ) 43 11-13 12-12 10.370 402 3-88 106 4.24 *less than 100 8 .13_ 7.98
0.5

2)

3)

4)

5)

6)

7)

47

60

66

95

119

123

10-50

19-25

: 7-40

8-52

8-16

13-55

29-15

9-00

9-20

11-53

11-20

11,830

24,012

7,650

7,953

10,098

9,633-

3

5

4

4

4

4 -

408

441

445

402

422

392-...

3,45

1.83

5.81

5.05

4.17

4,08

105

85

93

116

115

91

~2T67

6.81

5.35

6.0

4.68 _

—do—'

—do-i-

— d o -

_ . . ^ d o - . .

100.

100

100

100

100-

.100

8.08_

—

8.22

-8.12

8.12

8.19 -

7.94

_

8.03

7.96

7.95

8.08

38

54.9

14.5

28

29

20.06

•Could not be read on Klett Summerson Photoelectric Colpriijtjeter. jasjne 4g^nm precision absorption cell.
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RATE OF FILTRATION—3.318 gal/s* ft/min. (975 gpb)
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* Could not be read on Klett Summerson Photoelectric Colorimeter using 10 mm precision absorption tube.

Note:—When corrected and total runs are shown same, it means that it is a continuous run.
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RATE OF FILTRATION—3.74 gal/Sfl

Alum dose 15 mg/lit
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• Could not be read on Klett Summerson Photoelectric Colorimeter using 40 mm precision absorption cell.

Note:—When corrected and total runs are shown same, it means |hat it \s a continuous run.
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Average bacterial reduction is 32.9
per cent from the reading obtained
so far. - • "

The alum dose of 15 mg/lit. applied ;
gave very good results and was based
on earlier experiments not presented
here due to faulty -turbidity setup.
The other values tried earlier were
5 and 10 ppm Hut did not work
satisfactorily. The value of alum for
average turbidity upto 100 units
should not be m6re' than 20 mg/lit.
This set up wasydesigned for low
range turbidity I.e. 25 to 120 mg/lit.
only; as described earlier this type

Capital Cost

Aluminium Filter'Shell
Sand 15 cu ft. ,@ Rs. II- cu ft.
Gravel 10 cu ft. @ Rs! 1/- cu ft.
Piping lumpsum
Raw Water- Pump
Backwash Water Pump
Installation xharges

For diesel operated engines
extracost

of filter without any pretreatment
can handle onlv such waters.

! i • •

The backwash water requirements
range from 2 to 9 per cent for flow
rates ofx 2.88 to 2.74 gal/sq ft/min.
depending on turbidity of raw water-

|The filter funs vary from 9 hr to
28 hr depending on flow rate and the
turbidity level. Interrupted runs
were definitely longer than the con-
tinuous ones.

'The average cost of water treat-
ment based on the above results for
a medium flow of 1000 gph for the
filter; as worked out are as follows:

Rs. 2,580.00
Rs. . 30.00
Rs. 1000
Rs. 450.0G
Rs. 1,500.00
Rs. 1,500.00
Rs. 70000

Rs- 6,770.00

... Rs. 2;000.00

Total Rs. 8,770.00

Operational Cost : v ;, j :J -

1) • Alum: @ 15 mg/lit . for 1.000 gph for 20 hr a day

=1000 x 4-55 x 15 gm/hr < - . , , .

1000' • -

; =68.25 gm/hr

for 1 day (20 hr) = 1365 gm

for 30 days = 40950 gm, say 41 kg.

Rate of Alum — Rs. 300/- for 1000 kg.

The monthly Alum cost = Rs- 12.30
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2) Power Consumption :

144
gpm (Av. pressure in psi x _ + Suction Lift)

62.4

~ 3300 x n

144
gpm x (Av. pressure in psi x + Suction Lift)

62-4
kw. =

3300 x n x 0.746

Taking suction lift = 20'

n = efficiency of motor & pump = 50%

Power charges @ Rs. 0-15/kwh

Daily filter run for 20 hr.

1000 (10 x 2.31 + 20) 15
Power charges per day= x x 20 x

60x3300 0.5x0.746 100
= Rs. 175 per day

The monthly power charges = Rs- 52.50

3) Attendant—one per month Rs. 150.00

4) Miscellaneous repairs per

month (Rs. 600.00 per year) Rs. 5000

Total running charges per month^=Rs. 264.80

Total quantity of filtered water per day

= 20,000—Water required for backwashing. gals

[At 100 gph (at the flowrate of 3.33 gals/sq ft/min)
from the graph for turbidity range of 55 to 85 ppm the
back wash water percentage is 4.5%]

= 20,000—900 gals per day of filtered water

= 19,100 gals per day of filter ed water

For 30 days operation = 19100 x 30 gals of filtered water.

Treatment charges for 1000 gals of filtered water (including
miscellaneous repairs)

264.80 x 1000
= Rs.

19100 x 30

.= Rs. 0.46 for 1000 gals of filtered water.
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Discussions

The study was undertaken to as-
sess the performance of the pressure
filter for its applicability as a suita-
ble treatment process for small com-
munities-

The filter was operated at the
following three rates:—

1) At 2.884 gal/sq ft/min. •
(850 gph)

2) At 3.318 gal/sq ft/min.
(975 gph)

3) At 3.74 gal/sq ft/min.
(1100 gph)

Due to operational difficulty at
975 gph flow rate irregular and shor-
ter filter runs were obtained and the
results are not much reliable- The
turbidity during this stage could not
be properly maintained and large
settlable particles of clay were being
sucked through the suction valve,
thus resulting into choking of the
filter. This trouble was later over-
come when intake arrangements
were modified by the use of wooden
boxes, as described earlier. How-
ever, the results are included here
to give a true picture of operational
difficulties.

The rate of backwash water was
usually kept at 20 gal/sq ft/min.
There were no troubles caused by
break through of turbidity, at any
time, even with high filtration fate
of 3.74 gal/sq ft/min. and terminal
pressure of 20 lb/sq in.

The results obtained show that the
effluent is of very good quality and
the turbidity removal was practical
ly 100% at all flow rates. During
operation it was observed that when
the filter runs were interrupted for

longer time it showed definite pres-
sure recovery. This pressure reco-
very extended the filter run by the
time of operation required to reach
that pressure again. When more
than one interruptions were there,
as in case of filter run for 850 gph
for average influent turbidity of 60
units- (Fig. 34)). The filter yield
were considerably more:

The graphs plotted in Figs. 3 (b), *
3 (c), 4 (b) show actual pressure vs-
time relationship. The exact rela-
tionship between pressure and turbi-
dity with time cannot be ascertain-
ed from these graphs due to limited
data but it definitely shows that the
rise in pressure is not a straight
line function. Further work on this
may give more information on pres-
sure behaviour. The effect of inter-
ruption also makes it difficult to
draw definite conclusions. Attempts
have been made in Fig. 3 (a) & 4 (a)
to give a tentative graph of uninter-
rupted behaviour of filter by correc-
ting the runs. The correction ap-
plied is the omission of the extra
time to obtain the same pressure
when the last run was closed- The
corrected new run was assumed as
continuous for the comparision. The
corrected pressure lines are drawn
assuming that the pressure will fol-
low the same trend if the filter run
was not interrupted.

The reasons of the pressure reco-
very phenomenon of the pressure
filter were not clear from the limit-
ed data. But it can be explained
that due to high pressure, the top
layer formed by the floes on the
sand bed gets compressed and be-
comes dense creating flow resistance
to the water. When the pressure
on the filter is reduced to zero this
top layer expands and probably dis-
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Mr. 4 (b)

integrates creating higher permea-
bility. Thus when the filter is re-
started the pressure is nearly reduc-
ed to zero. Some more studies are re-
quired to confirm this and further
work is proposed for it on this fil-
ter too-

The graphs for flowrate vs. filter
run in hours [Figs. 5 (a) and 5 (b)J
show that for higher range of turbi-
dity and higher rate of filtration the
filter runs are shorter and vice-versa,
for the same loss of head. The rela-
tionship appears to be a straight
line.

The plot for flowrate vs. backwash
water percentage [Fig. 6 (a)] shows
that at higher rate of filtration of
3.74 gal/sq ft/min. and at higher tur-
dity range of 85 to 115 units the
backwash water percentage is as
high as 615%. For the 55 to 85 and

Fig. 5 (a) Fig. 6 (a),
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il-
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Fig. 6 (b)

25 to 55 units tubidity ranges, the
backwash water percentage requir-
ed ranges from 2 to 6 percent of the
total out put-

' The corrected run [Fig. 6 (b)]
shows higher wash water percen-
tage due to reduced through put of
filter; even then, they are within the
reasonable range of 12 to 3 percent.
Normally pressure filters operated
vyithout pretreatment use backlash
prater as high as 15% of the output.

I The operational cost comes to Rs.
264.80 per month. The cost of tre'at-
ljnent of water including repairs

comes to Rs. 0.46 per 1,000 gallons of
filtered water. These costs are for
water delivered at the outlet of the
filter. Extra power may be required
as per final lift in actual condition.

Conclusions

1. This design of pressure filter
and its study show that it can
be used as reasonably econo-
mical treatment process to
give safe drinking water from
surface sources with turbidity
upto 120 units.

2. The pressure build up vs.
the filter run relationship
needs further study to under-
stand the working of these fil-
ters.

3. The pressure recovery pheno-
menon can be further investi-
gated and can be used effec-
tively for elongating filter
runs-

4- This pressure filter design has
shown that backwash water
requirement can be kept low
upto 12 percent with high
pressure of 20 psi and high
flow rate of 3.74 gal/sq ft/min.

5. There is no break through of
turbidity through the sand
bed even with high rate of fil-
tration of 3.74 gal/sq ft/min.
and 20 psi pressure.

DISCUSSION

i Shri S. Rajagopalan, CPHERI Zonal
Centre, Calcutta: What is the efficiency
of bacterial reduction in the filters stu-
died? Have any observations been, made
With increasing bacterial load in the in-
fluent and if so, what are the results?

Shri J: M. Dave, CPHERI, Nagpur: The
values of percentage bacterial reduction
obtained are reported in tables. Average

bacterial reduction obtained was 32.9 per
cent.

It was observed that the bacterial load
was fairly constant in the influent. Ave-
rage influent load was found to be 4.2 x
10' organisms per ml.

Shri P. Balakrlshna Rao, CBRI, Roorkee;
Is the loss of head of 40 ft., as reported in
the paper, a pre-determined design crite-

'"0
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ria? If not. what is the reason for such a
great loss of head?

Shri J. M. Dave, CPHERI, Nagpur:
Many steel pressure filters operate well
over 50 psi. This unit is made up of alu-
minium to save weight and the ultimate
pressure It can take is only 25 psi. The
operation pressure of 20 psi nearly equals
to a loss of head of 45 feet. This filter
was designed to supply water for small
communities with zero pressure at delivery
end.

Shri Susikaran. Madras: How does the
extra loss of head occur, when the loss of
head through the sand bed is as in a raDid
sand filter? Is the extra loss of head due
to longer run ?

Shri I. M. Dave, CPHERI,
The extra loss of head occurred due to
fine sand, and the resistance offered by
the sand bed to the water being filtered.
As mentioned earlier, it could have been
even higher but the stresses in the alumi-
nium did not allow it. This extra loss of
head definitely gave longer runs as com-
pared to the standard rapid sand filters.
Which operated without any pretreat-
ment.

Shri M. Miakhan, Madras: How was
the turbidity for the experiment obtained?
What were the materials used? What was
the turbidity of the filtrate 7

Shri J. M. Dave, CPHERI, Nagpur:
For the experimental purposes artificial
turbidity was created by the addition of
black cotton soil to raw water in fixed
quantities at regular intervals. Details
are given in the text of the paper.

The average turbidity figures of the fil-
trate are given in the tables. In the case
of both the runs at 2.884 gal/sq ft/min.
and 3.74 gal/sci ft/min. the average fil-
trate turbidity was found to be less than
0.5 units.

Shri A. D. Bhide, Roorkee : The authors
•report that there was no turbidial break
through. But the bacterial efficiency has
been given as only 32.9 per cent. I would
like the authors to enlighten this point.

The iilter runs at higher rates were
reduced. Did the total output also reduce?

Shri S. K. Gafikari, CPHERI, Nagpur:
The criteria for judging the filter perfor-
mance was turbidity alone. Samples for
turbidity analysis were taken at J hour
Interval whereas only one sample was
taken per run for bacterial analysis when
the pressure was 10 psi. Many a times
erratic results were obtained in the case
of bacterial reduction and as such the re-
sults are not reliable.

It was observed on corrected run basis
that for Uie same range of turbidities at
higher filtration rates the total output
decreases.

Pr«f. Patwardhan, Roerkee: I would
like to know how the uniformity coeffi-
cient of 1.6 was fixed at, the type of tur-
bidimeter used, and whether the quality
of water was found out after break
through.

Shri J. M. Dave, CPHERI. Nagpur:
The Uniformity Coefficient of 1.6 was ar-
rived at by trial and error, using 30 mesh
sand at top. The actual arrangement of
the sand in the filter is shown in Fig. 1.

Klett Summerson photoelectric calori-
meter which was standardized with Jack-
son Candle turbidimeter was used for tur-
bidity analysis.

When the effluent turbidity was observ-
ed to be more than 5 units, it was regard-
ed as break through and the filter was
stopped for backwash.

Shri A. S. Hariharan, Madras : What is
the nature of alum used? Was there any
residual aluminium in the filtered water?

Shri S. K. Gadkari} CPHERI, Nagpur:
In the initial stages potash alum was used
and later on ferric alum obtained from
Kanhan water works was used.

As a small dose, alum in the order
of about 15 mg/lit. was used. We did not
check for the residual aluminium in the
filtrate.

Shri B. P. Varma, LSGED, U.P.: Has
the economics of allowing 40 ft loss of
head in the filter been taken into account
in the operational cost ?

Shri J. M. Dave, CPHERI, Nagpur:
Yes, it has been worked out and taken
into account.
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Defluoridation of Community
Waters: A Problem

T- S- BHAKUNI
Central Public Health Engineering Research Institute, Nagpur

. Harmful effects due to ingestion of
excess fluorides through drinking
waters are well known. Amounts
more than 1.0 mg/lit. cause mottling
of dental enamel and affect different
parts of skeletal system both in hu-
man beings and cattle. In fact, it
has been reported (1) that same
dose of fluoride causes more severe
effects under the conditions availa-
ble in this country possibly due to
higher temperatures prevalent and
low nutritional value of the diet.

In India, fluoride bearing waters
have been reported to occur in seve-
ral parts of the country like Madras
(2( 3) Andhra Pradesh- (4-7), Pun-
jab (8-11), Bihar (12), Kerala (13),
Maharashtra (14), and Rajasthan
(15, 16). It has been observed that
in such areas excess amounts of flu-
orides are generally present in well
waters and their consumption is the
cause of endemic fluorosis in those
areas.

Inspite of the attempts made by
various workers no suitable method
for removal of excess fluorides from
drinking water which could be of
direct application in rural areas, is
developed- Any method useful for
the above purpose should be simple
requiring not much of complicated"

techniques and cheap in capital as
well as running costs. Fluoride ex-,
change material used should be rea-
dily available at reasonable rates.
The process, as far as possible,
should avoid use of corrosive or toxic
reagents eg. acids and alkalis. Tests
used for assessing the plant efficien-
cy should be quick, simple and easy.

Defluoridating Substance for
Proposed Pilot Plant

Sulphonated carbons have been
prepared from various carbonaceous
waste materials by Sastry el at. (20)
at Indian Institute of Science, Ban-

. galore and Bhakuni and Sastry (21)
•in this Institute. These carbons
when impregnated in filter alum so-
lution (1-2 per cent) show good fluo-
ride removing efficiency. Carbon
from saw dust developed by this Ins-
titute removes fluorides to the ex-
.tent of 1600-2400 mg as against 500-
600 mg per kilogram of material, in
case of other carbons (20)- There-
fore, it has been proposed to use sul-
phonated saw dust carbon in this
Pilot Plant on account of its better
efficiency and also due to easier
availability of raw material (saw
dust) in large scale. The spent subs-
tance can be regenerated with a pas-
sage of filter alum solution (1-2 per
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cent). Filter alum has been chosen
as a regenerant because of its good
regenerating capacity and noncorro-
siveness. In an attempt to popula-
rise the technique in rural areas a
house-hold defluoridation unit (Fig.
1) has been designed. Fluoride con-
taining water is allowed to percolate
through the exchange media (1 cu
ft) and collected for drinking pur-
poses. Sulphonated saw dust deve-
loped in this Institute has been pro-
posed to be used in such units.

Quite recently, a problem of remo-
val of excess fluorides has been re<-
ferred to the Institute by P-H-E. De-
partment of Rajasthan. Water sam-
ple was tested and a treatment
plant for fluoride removal has been
designed.

Source of Water

Gangapur is a small township with
a population of 10,000 and is situated
in Tahsil Bhilwara in Rajasthan. The
first community water supply sche-
me for this township was under-
taken by the State Public Health
Engineering Department about an
year back. The proposed source of
water supply is about 100 ft deep
abandoned mica mine pit (quarry)
which is full of water. The water
level stands at a depth of about 20 ft
below the ground, and during sum-
mer the same goes down further by
four or five feet- The discharge of
water has been measured by the
State P-H.E. Deptt. and found to be
about 5,000 gal/hr. Water is pump-
ed through a five inch main pipe to
an overhead tank (capacity 2 x
40,000) constructed at an elevated
place (hillock) about two miles
away from the quarry situated in the
heart of the town. There is a natu-
ral head of about 125-150 feet for

different supply points in the town.
The water will be supplied from
above tank (supply Reservoir) to the
consumers after proper chlorinatioa

Methods

Fluoride content was estimated
using Zirconium erio-chrome cya-
nine-R method (1^ 18) and confirm-
ed after stream distillation (19).
Standard Methods (19) were follow-
ed for analysing water for other
items.

Quality and Chemical
Characteristics of the Water

Samples of water were collected
from the mica quarry and were ana-
lysed chemically. Results of analy-
sis are given in Table I. The water
was found to be quite clear except
a few mica flakes floating in it- It
was found quite suitable for drink-
ing purposes from chemical point of
view except its excessive fluoride

TABLE—I
ANALYSIS OF WATER SAMPLE

PH
Conductivity ( pmho)
Total solids
Suspended solids
Total hardness (CaCO,)
Calcium (Ca)
Magnesium (Mg)
Alkalinity (CaCO 8

Methyl Orange
Phenophthalein

Chlorides (Cl)
Sulphates (SO4)
Sodium (Na)
Potassium (K)
Fluoride (F)

8.3
860
536

Nil
95

27.6
12.5

372.0
372.0

16.0
73.5
18.0

200.0
2.4

4.1

Note: All values except pH are in mg/lit.
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concentration ,(4.0 mg/lit.). The
water is sweet and has low dissolv-
ed solids and hardness. Since the
fluoride content is much higher than
permissible values (0-6-1.0 mg/lit.)
the need for its removal was consi-
dered emergent. In this connection,
§Jate P.IJ.E. Department, Rajasthan
sought the opinion of CPHERI and
it was agreed to put up a community
w,ater treatment plant for fluoride
removal. Jaipur Field Centre of this
Institute has been entrusted with the
task of carrying out these studies.

Treatment Process and Design
of the Plant

Sulphonated saw dust (S.S.D.) ca-
tion exctianger (20) has been tested
for its fluoride removing efficiency
with a sample of above water. It
was found to reduce fluoride content
>yell below the permissible level.
100 ml of the S.S-D. carbon (alum-
soaked) could bring down fluoride
concentration to less than 1.0 mgVlit-
in 6 litres of water sample. Carbon-

vbsed was -regenerated with a passage
,of .3 bed volume of 2 per cent filter-
,alum solution and then washed with
tap water which does not contain
fluoride. The rate of flow through
the bed during regeneration and
washing -was kept as low as 0.5 gal1/
min/cu ft. Water sample from an
aspirator bottle was allowed to pass
through ,the bed at 2.5 gal/min/cu ft,
the filtrate was collected in 1 litre

. lots, and tested for fluoride and
other chemical constituents. Results
of one typical cycle of operation are
presented in Table II- These results

' show that besides reduction in fluo-
ride content, pH is lowered, and al-
kalinity and hardness of the water
are also removed. Partial neutrali-
sation of the alkalinity tells upon
the reduced capacity of the material.
A similar study was made with
water after neutralisation of alkali-
nity. It was found that the volume
of water that could be treated was
about two and a half time more
than that without neutralisation.

TABLE H—ANALYSIS OF TYPICAL SAMPLE AFTER TREATMENT WITH
S.S.D. CARBON

Volume of
Effluent

in litres

pH / Total Alkalinity Sulphate .Chlorides Fluoride
hardness (CaCO, ) (SO4) (Cl) (F)
(CaCOt)

. .JPirst 1

' '•• sNext 1

' " 1
" 1

' • • • • ' • ' • ' " 1

' " 1

6.75

7.15

7.20

7.30

7.25

7.25

Nil 18.0

21.0

3,0.0

34.0

40.0

46.0

.22.0

21.0

19.0

18.0

28.0

18.5

70.0

73.5

73.0

73.0

73.0

73.0

—

0.30

0.46

0.70

1.00

1.40

Note : All values except pH are in mg/ l i t
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Further studies on feasibility of
neutralising the alkalinity with dif-
ferent acids and anion-exchange re-
sins were made, but such course of
water treatment was considered not
very practical and hence discontinu-
ed. Based on the above studies, fol-
lowing calculations were made for
a volume of 10,000 x 2 gal/day-

1. One cubic foot of the material
will treat about 370 gallons of water
in each cycle.

2- There can be loss in efficiency
due to factors like faulty regenera-
tion etc. So a margin of 20% is avow-
ed. Hence tbe volume of water fccea-
ted per cubic foot=300 gallons.

2. Material required for treating
entire volume of 20-000 gallons in

20.000
one cycle = = 67 cu ft.

300
4. In case we run the plant In

three 6-hourly shifts, the material
volume will be 22.3 cu ft.

5. Since the treated water will
contain 0.4 to 0.6 mg/lit. fluorides in
initial stages of each exhaustion
cycle it can be blended with raw
water to the extent of 10 per cent.

•Volume of the material, thus works
out to be about 20 cu ft.

6. Two M.S. cylinders (height
G ft and diam. 2 ft) are proposed for
holding the exchange media (10 cu
ft each). Other details of the con-
necting pipes and position of tanks
is given in Fig. 2.
Cost of Treatment

The estimated capital cost of the
plant is about Rs. 12,000 which in-
cludes the cost of first charge of ex-
change media. Recurring cost in-
volves maintenance and operation of
the plant, and cost of filter alum
required for regenerating the spent

substance. Filter alum required per
regeneration at 1 kilogram per cu ft.
=20 kilogram. Cost of alum at Rs.
30000 per metric tonne is Rs. 6.00 per
regeneration. Since the carbon bed
has to be regenerated three times in
a day for getting 20,000 gal of treat-
ed water the recurring cost per 1000
.gal. of treated water works out
about Rs. 1.00. This cost could be
redueed further by reusing the alum-
waste solution in subsequent regene-
rations-
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DISCUSSION
1 Shri N. V. Ramaraohanarao, Hyderabad:
Sulphonated carbon acts'as a cation ex-
changer. -Our-experience with the sulpho-
^nated carbons is that they remove the
other cations as well thus bringing down
the hardness to very low levels and reduc-
ing the pH much to the acidic side. I
.would like to know from the author the
pH of the treated water and its hardness.
I would also like to know the mesh size
of the material developed and whether it
can withstand hydraulic pressures.

Shri T. S. Bhakuni, CPHERI, Nagrpar:
Since the sulphonated saw dust carbon is
a cation exchanger, it removes hardness of
water and neutralises alkalinity partially.
But I feel that after a few runs when the
carbon is used repeatedly after alum re-
generation the cation exchanging charac-
ter of the carbon will not remain active
,and the removal of hardness and neutra-
lisation of alkalinity will be auite insig-
nificant. The pH of the different one
litre effluent lots is given in Table II of
the paper. The material possesses satis-
factory hydraulic characteristics.

Prof. V. Chandrasekhar, Manipal: I
understand that children of the age group
6-8 and 8-14 were surveyed. How is it
'that only children of age group 8-14 show-
ed signs of dental fluorosis? Has the sour-
ce been the same and if so, how the for-
mer age group is not affected ?

During defluoridation sulphonated saw
dust is claimed to remove hardness and
alkalinity. To what extent are these re-
moved ?

Shri T. S. Bhakuni, CPHERI, Nagpur:
Children of age group 6-14 years were
surveyed for mottling of tooth enamel. It
was found as reported in the main text
• that children of age group 6 to 8 years
were not having mottled teeth, though
most of these children were drinking fluo-
ride bearing water. This is probably due
to the difference in their age during
which they changed the permanent teeth
(permanent teeth are mainly affected
after changing).
1 The second part of the question has
been answered earlier.

Dr. K. R. Kabra: What is the chemis-
try involved in the removal of fluoride
ion? What is the method of preparation
of saw dust carbon? Does it act as an
activated carbon or as a simple ion ex-
changer ?

. Shri T. S. Bhakuni, CPHERI, Nagpur:
The chemistry of fluoride removal with
sulphonated saw dust carbon as explained
by Dr. Jatkar is the formation of a com-
Jparatively insoluble complex of fluoride
and aluminium ions. The material when
treated with filter alum solution is con-
verted to Al—form and while fluoride
containing water is passed through it, the
fluoride ions are absorbed forming an in-
soluble aluminium fluoride complex.

•• No doubt the carbon so prepared be-
haves as a carbonylic type of cation ex-
changer but being a porous carbonaceous
material it also acts as an active carbon
and removes colour, taste producing sub-
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stances and chlorine from aquous solu-
tions.

Shri M. Vishnumoorthi Rao, V.R.C.E.,
Nagpur: Is it possible to use these ion
exchange materials sandwiched between
the layers of sand generally used for fil-
tration so as to reduce the operational
costs ?

Shri T. S. Bhakuni, CPHERI, Nagfcur:
It will not be possible to use the active
carbon sandwiched between the layers of
filter sand for two main reasons viz. du-
ring back wash, the arrangement will be
disturbed, the density of carbon being
very low it will be floated and lost at high
flow rates usually adopted in sand filters
and secondly the carbon is required to
be regenerated with filter alum solution
after it is exhausted, which will also n,eed
large volumes of alum solution and wash
water. Also if the water contains high
turbidity it will spoil the carbon by clog.
ging the pores.

Shri A. S. Hariharan, Madras: What
are the criteria for the different grading
of mottled teeth? What is the relation-
ship of the F concentration to the dental
mottling? What is the minimum F con-
tent with which mottling was associated ?

In making the specially processed mate-
rial is there any contact period required
for the alum in regeneration? What is
the quantity of water required for wash-
ing the bed and is defluoridated water re-
quired to be used? What Is the fluoride
removal efficiency per cu ft. of the ma-
terial if the water containing 4 mg/lit.
tried to a break through of 1.5 m^/lit. of
F?

Shri T. S. Bhaknni? CPHERI, N»gimr:
The criteria for grading the stages of mot-
tled teeth is already described in the
paper. Limits for fluoride concentration
which would give mottled enamel are al-
ready known to be more than 1.5 mg/lit.

Time of contact required during rege-
neration with filter alum solution is about
30 min., for washing the carbon bed after
regeneration we can use raw water con-
taining fluoride the volume of which will
be about 5 to 10 Per cent of the treated
water.

One cu ft. of the material would be able
to treat about 300 gals, of water in order
to bring fluoride concentration from 4.1
to 1.0 mg/lit.

Shri S. K. Dutta, Durgapur: The paper
deals with defluoridation of water con-
taining excess fluoride (1.5 mg/lit.). But
presence of fluoride upto some minimum
limit is also required in drinking water.
Please clarify as to how you control the
amount of fluoride in water which has
been fluoridated. I want to know whe-
ther it is fluoridated again to keep the
minimum amount or whether fluoridation
Is controlled upto some limit so that there
is some residual fluoride in the treated
water.

Shri T. S. Bhakuni, CPHERI, Nagpnr:
During defluoridation with sulphohates
saw dust carbon) the removal of fluoride
is not complete and slight amounts of it
remain in the effluent as is evident from
results given in table II in the paper. Still
if there is any deficiency we can always
either blend it with raw water or extend
the exhaustion cycle so as to contain suf-
ficient quantity of fluoride.

Shri R. K. Bhargava: Water in the
mica mine pit contains some flakes
of mica. Will the defluoridation unit need
pre-filtration or mica flakes settled in the
bed will give no trouble ?

If the pH is reduced to 6.0 and alkalinity
and hardness is also reduced the
water will need the provision for correc
tion of corrosive action. Whether this
provision has been made in the plant ?

Shri T. S. Bhakuni, CPHERI, Nagpur:
A few mica flakes floating in the water
will be retained on the carbon filter and
will not interfere during defluoridation
and the same will be washed out during
back wash with the waste water.

It Is trug as shown in Table II that the
alkalinity of water is partially neutralised
and the pH comes down to 6.75. But after
blending with the raw water it is expected
to recover its non-corrosive nature. Blen-
ding is necessary to allow some minimum
concentration of fluoride in treated water.
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Fluoride Menace in Certain Community
Water Supplies of Andhra Pradesh
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As early as in April 1936, the clini-
cal manifestations of fluorosis, a di-
sease among the inhabitants of cer-
tain areas of Nellore district in erst-
while Madras Province, now Andhra,
were described by the Health Ins-
pectors of the State, "the . disease
was characterised, at first, by pains
in cervical and lambosacral regions
of the spinal column and pain and
stiffness in joints of both extremi-
ties. With the advancement of age,
the disease assumed serious nature
and even resulted in the death of
the patients. Ah intensive investi-
gation into the incidence, clinical
features and aetiology of the disease
•Wras carried out by Raghavachari
and Venkataraman (1) who reported
high fluoride content in the water
supply in the areas, where the disea-
se was prevalent. Fluoride content
ranging from 2.0 to 7.0 mg/lit. were
present in water in the districts of
Anantapur, Bellari. Cuddapah. Gun-
tur, Kurnool and Nellore (Ceded dis-
tricts of the then Madras Fr6vm^e).
the highest of about 10 mg/lit. was
reported from Darsi. Podili and Kani-
giri taluks of Nellore district, the
area' where severe bone fluorosis in-
cidence was at its highest. Pandit,
Raghavachari and Subbarao (2)

made further study of the causative
factors in the areas of endemic fluo-
fosis and they found the incidence
of mottled teeth in Anantapur and
Nellore districts varied from 50-90
per cent, in Cuddapah 60 per cent
and in Bellari 70 per cent. They
made a comprehensive diet survey
of the areas- and found vitamin A
and C deficiencies in the diet taken
by the patients. They concluded
that symptoms of fluorosis were
more severe in those patients consu-
ming diet deficient in Vitamin A
and C. This finding was later corro-
borated by nutritional experiments
cdndiicted on monkeys by Pandit and
Rao (3). There is a possibility of
mistaking the symptoms of fluorosis
to that of diseases of malnutrition
and unless the physician is experien-
ced and competent, he may attribute
the pains in the joints, initial stage
of the disease; to the most common
disease of arthritis-

Presence of fluorides in higher
concentrations, is now reported from
various othet places in the State.
Table I shows the taluks with popu-
lation in lakhs that is exposed to the
menace of excessive fluoride content
in the drinking water. It is clear
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TABLE I—TALUK-WISE POPULATION EXPOSED TO THE FLUORIDE
ANDHBJ1 PfciDBSH

DISTRICT TALUKA POPULATION
IN LAKtfS

Srlkafcttlam

Visakhapatnam

Guntur

Nellore*

Anantapur*

Cuddapah*

Kurnool

Chittoor

Khammam

Medak

Nalagonda*

Pwvathipuram
BofeBiti

Saluru

Narsipatnam

Srungavarapukota
Chodfevaram

Palnadu

ViKU t̂brida'

Kovur

Kandukuru

Kanigiri

Podili

Darsi

Penukonda
Kadiri

Hindupur

Rayadurg

Pulivendala

Pattikonda

Voyalpadu

Palamaneru

Khammammettu

Narspur

Nalagonda

Total

Total Population oi Andhra Pradesh

2.18
2.87

1.64

2.41

2,08

3.00

zM
1.25

2,14

2.33

1.71

1.04

O 6

1.42

2.51

1.83

1.43

1.23

1.50

2.14

2.08

2.75

1.15

2.30

46.53

375.00

• Severe symptoms of fluorosis observed.
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from the table that 12-7 per cent of
the total population,of Andhra Pra-
desh is exposed to the risk; of ̂ .fluoro-
sis. Out of 20 districts in Andhra
Pradesh, no less than 8 are having
community ' wells with excessive
fluoride content which are the only
sources of drinking water to the
rural community. These areas are
located in the map of Andhra ; Pra-
desh. The shaded areas in the map
indicate the general distribution of
fluorosis among the population and
the dots marked indicate' the concen-
tration of fluorides in excess of 3
mg/lit.

The names of villages with fluo-
ride content of water exceeding 1.5

mg/lit. are given in Table II. The
areas of excessive fluoride content
exceeding 4-0 mg/lit. and reaching
upto 10.0 mg/lit. are from the dis-
tricts of Nellore, Anantapur, Kur-
nool, Guntur and Nalgonda where
the incidence of fluorosis is widely
prevalent. Chemical Analyses of the
well waters in these areas revealed
that they belong to the classification
of soft soda waters with sodium salts
predominating. Rao and Bhaskaran
(4) studied the distribution of fluo-
rine content of water sources in Kur-
nool district and stated that fluorine
concentration exceeds 1.5 mg/lit. in
most of the waters with alkalinity
exceeding twice the total hardness.

MAP SHOWING FLUORIDE BEARING AREAS (N
ANDHRA PRADESH

2 VISAKHAPATNAM
6 GUNTUR
7 NELLORE

PODILI
DARSI
KANK5IRI

e VOYALPAO
9 CUDOAPAH

PULIVENDI.A
10 ANANTAPUR

KADIRI
I I . KURNOOl

PATTIKONOA
14 NALGONDA

me. I
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TABLE II—FLUORIDE CONTENT IN COMMUNITY WATER SUPPLIES
IN ANDHRA PRADESH

District Village Fluorine i
mg/Ut.

Srikakulam

Visakhapatnam

Guntur

Nellore

Anantapur

Chilakalapalli
Amadalavalasa

Neelakantapuram
Simhachalam

Yellapuvaripalem
Chintala Agraharamu.

Jaggayyapalem

Kotthuru, Kollagunta,

Namburu, Kolagutla
Nekarikallu
Ongolu

Gunturu
Vinukonda

Thimmareddipalem>
Ramachandrapuram
Kanigiri

Cheerladinne^ Kambhampadu

Gudivaripalem, Vemulapadu,
Narlapalem

Kakarla

Katurivaripalem

Rajupalem

Podili

Jammigumpala(

Umamaheswarapuram

Mallavaram, Thuramedalapadu
Podili

Kotakamvaripalli
Pulligundlapalli
Munagalavaripalli .
Ubbaravandlapalli
Gunduvaripalli
Guntakallu

Polevandlapalli . • .
Kamatooru
Mathivarigondhi
Veeramallayyavaripalli

1.6
2.4

2.0

2.2

5.5

1.6

1.8

3.6

2.8

5.2

2,0

2.2

2.4

2.8

3.2

3.6

4.0

4.4

5.0

7.0

1.6

1.8

2.0

2.2
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TABLE II—Contd.

District Village Fluorine in
nag/lit.

Arian^apur (contd.)

(Kurnool

^arimnagar

Mehaboobnagar

Nalagbnda
' .V i i ..

Nizamabad

Vankapalli
Yerrappagaripallj

Moturipalli, Talupula,
Sabbannaguntlapalli
Marlapalemu

Jogannapenta
Nangivandlapalli
Reddayyavaripalli

Kavalipalli

Kalasamudramu, Puligondlapalli
Rachavaripalli, Edukuntlapalli

Maddivarigondi

Kurraguntlavaripalli

Kallapari
Bondimadugula
Peddanelathuru

Chinnamanibidi, Patthikonda^
Brahmana Agraharam, Karidikonda
Nandyala
Chinnapendakal. Alvala.
Dodagunda
Byalapalli

Badepalli
Gangadhara

Narayanapet

Kongal
Mudatnpalli
Potticbelama

Kamareddy

2.4

2.8

3.0

3.2

3.6

4,0

5.5

10.00

2.0
2.2
2.4

2.8

3.6

4v8

8.0

2.6
2.2

2.0

2.0

2.0
2,4

1.8

Andhra Pradesh is the fefth largest
state in India on area basis and ranks
fcoyrth in population according 4o
1961 Census. There are 9260 villages
with a population pj £;97 crorjes exis-

ting in the State i.e., the rural popu-
lation of Andhra Pradesh is about 80
per cent of its total population. 75
per cent out of this population is not
served by protected water supply. A
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meagre sum of Rs. 74 lakhs have
been spent during the First and Se-
cond Plan periods for constructing
and renovating wells in rural
areas- (5). Both surface and ground
waters are being used as principal
source of water supply in almost all
the rural towns. The surface sour-
ces are few when compared to
ground sources and they are invaria-
bly polluted. The ground water
sources of fluoride bearing areas are
not at all treated for the removal of
fluorides and used as such by the
inhabitants and hence the high inci-
dence of reported fluorosis. No at-
tempts have hitherto been made by
the State Public Health Authorities
for fluoride removal in rural areas,
and no such programme is ever con-
templated by the State. The people
are left to their fate. It is a sad com-
mentary on Medical and Public
Health Administration of the State.
The Government of Madras some-
time past have initiated experiments
on defluoridation as a joint venture
with the authorities of Southern
Railway at the premises of Guntakal
Railway Station using paddy husk
carbon impregnated with alum. The
fluoride of the raw water ranges
from 2.4 to 30 mg/lit. and it is re-
ported that the pilot plant experi-
ments were successful with respect
to the quality of treated water but
the treatment cost was high. Expe-
riments were conducted on similar
lines, but using saw-dust carbon in
CPHERI and they are also reported
successful. Low cost portable treat-
ment units suitable for rural com-
munities have been devised with this
defluoridating material. It is claim-
ed that these are economical. The
principal author of this article has
successfully tried several sulphonat-
ed ion-exchange carbons prepared

from indigenous raw materials such
as coconut shell and groundnut
shell (6) which may be employed in
the large scale treatment units after
working out the treatment costs. Re-
garding the efficiency of this carbon,
it was found that one pound of the
material could treat about 160 to 180
lit. of water bringing down the fluo-
ride content of water to 0.7 mg/lit

Maier (7) has reviewed various
processes of fluoride removal includ-
ing synthetic resins. Defluorite (8)
C a 3 ( P O 4 ) a Ca(OH)a and acti-
vated alumina can be used suc-
cessfully but are expensive. A Water
Treatment Plant in U.S.A. (9) used
gravity filters containing beds of cal-
cium phosphate and treated water
containing upto 4.0 mg/lit. of fluo-
rides- One per cent caustic soda
solution was used for regeneration of
the beds. Gillie et al (10) used a
similar method but employing gra-
nular superphosphate as exchange
material which is impregnated with
ten per cent caustic soda solution-
Fink and Lindsay, (11) as early as
in 1936, have devised a filter for
home use, containing 9.75 lbs of alu-
mina which reduced the fluorine
from 5 to 1 mg/lit. or even less for
a quantity of two fifty gallons at a
rate of 0.4 gal/min. Regeneration
was effected by 8 per cent caustic
soda or by alkaline solution of so-
dium aluminite. The efficiency of
removal was impaired by higher pH-

Conclusions
It is necessary to impress upon the

Public Health authorities of the
State the need for developing a
cheap defhioridating material sui-
table for rural areas based on initial
pilot plant experiments. Even if the
results of experiments lead to a sli-
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ghtly costly process, it should not
come in the way of the health of the
community. The State should feel
as its responsibility to protect the
health of the community. The hi-
gher cost of the treatment can be
compensated by a suitable levy of
water cess or obtained as a Central
Grant or can be included as a Sche-
me in the Fourth Five Year Plan.
The Health of the People is the
Wealth of the Nation.
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DISCUSSION

Shri M. Vishnumoorthi Rao, V.R.C.E.,
NasrDUr; I understand that ion exchange
method is successful in defluoridation.
Such a method is already being practised
satisfactorily in Guntakal Railway colony.
I would like to know whether any mea-
sures are taken by the CPHERI or the
Institute of Preventive Medicine to study
the economics of the method.

Shri D. Seethapathi Rao, CPHERI Zo-
nal Centre, Hyderabad: The CPHERI

has in fact developed a defluoridating
carbon from saw dust and this material
is proposed to be used on a pilot plant
scale in Rajasthan. The Government of
Andhra Pradesh is also interested in this
project and has offered financial assis-
tance for conducting experiments on de-
fluoridation using this material in Andhra
Pradesh. I understand that a process for
defluoridating water has been evolved
in the Institute of Preventive Medicine
and its economics are being studied.
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Endemic Fluorosis in Andhra Pradesh

N. V. RAMA MOHANA RAO and K. V. SUBBA RAO
Institute of Preventive Medicine, Hyderabad

Introduction

The incidence of Fluorosis in en-
demic form in different parts of In-
dia was reported by several workers
(2, 5, 6, 9, 10, 11, 13, 16, 17,. 20, 21, 23.
25). In Andhra Pradesh,, as early as
1937, the prevalence of fluorosis was
shown by Shortt, Pandit and Ragha-
vachari (17) in parts of Nellore dis-
trict- Detailed investigations by
Pandit et al. (11) revealed the inci-
dence of this disease in endemic form
in a wide area of the district and
that it was associated with the pre-
sence of excessive fluorides in drink-
ing waters. Subsequently the pre-
valence of the disease in some other
districts of the State was also repor-
ted by other workers (5, 10, 18).
However, these reports pertain to
investigations made in selected pla-
ces in the districts of Nellore, Visa-
kapatnam, Nalgonda and Mahaboob-
nagar. To our knowledge no epide-
miological survey of the affliction
had been made in different other dis-
tricts of the state. During the rou-
tine chemical analysis of the samples
in this Institute and in the regional
laboratories it was observed that
many samples from various other
districts also contained fluorides in
excessive amounts. It was also
learnt that people in some of the
rural areas have been using such

waters for drinking purposes with-
out any defluoridation measures-
While many of the towns in the
state derive their drinking water
from surface sources, most of the
villages get it : from gflStod s3«f-
ces. The analytical results of many
a sample collected from ground wa-
ter sources in rural areas showed
that the waters would have been
chemically satisfactory but for their
excessive fluoride content. The pre-
sence of fluorides in toxic levels has
thus become a menace and a hurdle
in providing potable waters to the
people in a number of villages in the
state. In view of these observations
a series of laboratory investigations
have been undertaken with the fol-
lowing objectives :

(a) To evaluate the general dis-
tribution of fluoride in water
sources in different districts
of the state.

(b) To make a comprehensive stu-
dy of the distribution of the
ion in various available waters;
in different selected places in
a district so as to find out the
possibility of obtaining sour-
ces having innocuous levels of
the ion.

(c) To assess the relationship, if
any, between the fluoride cor;-'

123
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tent and the other chemical
features of water such as al-
kalinity, hardness, chlorides
oii the one hand and between
the fluorides the strata of the
soil and depth of the source on
the other. ,

(d) To prepare and study the e
cacy of activated carbons and
ion exchange materials for de-

. fluoridation of waters.

"' The results of studies on the first
three aspects have been recorded in
this article.

Material and Methods

Samples were collected from seve-
ral p^a'ces in different districts of
the state- The sources of water in-
cluded all types of ground and sur-
face waters in use for drinking and
other domestic purposes. In the
comprehensive survey conducted, all
the places known to have excessive
fluorides as observed from the rou-
tine analysis and many of their su-
burbs were selected. Places were
also chosen on the basis of reported
cases of flu'orosis- The samples from
different taluks were collected un-
der similar atmospheric conditions ta
avoid seasonal .variations. The na-
ture of the source, its depth and the
strata of the soil were noted while
collecting the samples. The analyti-
cal estimations were made follow-
ing the procedures described in
Standard 'methods APHA and others
(i) arid Manual of methods for the
examination of water, sewage and
industrial wastes published by In-
dian Council of Medical Research
(8). The estimation of fluorides was
made by Scott Sanchis colorimetric
method and hardness, chlorides and
nitrates by EDTA, Mohr and Phenol
disulphonic methods respectively.

Results
A total of 2569 samples collected

; in various, districts, of the state were
analysed for their fluoride content
and complete chemical analysis was
done on a large number of them. The
'samples analysed were from 2327
ground water and 242 surface water
sources. In all the districts wide
variations in the fluoride content was
observed. The presence of the ion in
widely differing amounts in sources
of the same locality was noticed. It
was also observed that several water
sources were present in all the dis-
tricts with innocuous levels of the
ion. The distribution of the element
in -different districts were analysed
in Table I.

Out of 2569 as many as 1231
(47.9%) samples had fluorides in
the range 0-1.0 mg/lit. followed by
752 (29.3%) in 1-1-2.0, 369 (14.2%)
in 2.1-3.0, 165 (6.4%) in the range
3.1-5.0 and in 52 samples (2%) the
quantity of fluoride exceeded 5 mg/
lit.; It could be seen from Table I
that the number of samples contain-
ing fluoride in the wider range 0-2.0
mg/lit- is significantly high
(P < '0.05) in all the districts except
Nellore. It is also evident that there
is gradual reduction in the number
of. samples having fluoride in the
increasing ranges. In as many as 17
of.the 20 districts water generally
contain fluorides upto 3.0 mg/lit. and
:the, sources having the ion in the ran-
ge 3-1-5.0 mg/lit. are also in existen-
ce- It could also be noticed from the
•table that in Nellore, Nalgonda, Kur-
nool, Ananthapur and Visakhapat-
nsfm districts some of the existing
sources had fluoride content exceed-
ing 5 mg/lit. A maximum amount
of 20 mg/lit. was found in a water
source in Nalgonda district.
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TABLE I—SHOWING THE DISTRIBUTION OF FLUORIDE IN WATERS
IN THE STATE

District

Adilabad
Anantapur
Chittoor
Cuddapah
Godavari (East)
Godavari (West)
Guntur
Hyderabad
Kareemnagar
Khammam
Krishna
Kurnool
Mahaboobnagar
Medak
Nalgonda
Nellore
Nizamabad
Srikakulam
Karangal
Visakhapatnam

Total
No. of

samples

58
382
84

161
47
54

196
68
68
45
36
432

58
21

220
371

29

62
54

123

2569

Number

0-1.0 1

34
158
52
72
42
46

119
46
22
32
30

235
18
13
84
68
16

48
28
68

1231

of

.1-2

18
120
22
58
5
6

54

20
35
11
4

112
32
8

65
102

13

12
18
37

752

samples with the Fluorine
(mg/JH.'J'fKNtb.e ranges :

.0 2.1-3.0

6

62
10
25

2
16

1
10
2
2

55
6
.

29
125
—

2
6

10

369

3.1-5.0

_

34
r

6
—

r

6
1
1
.

—

24
2

—

32
52

—
—

2

5

165

Over ]
5.0

_

8

—

1
—
—
—
—

6
—
—

10
24

—*
—

—

3

52

content

Maximum
recorded

2.4
10.0
2.6
3.8
1.5
1.8
5.6
4.6
3.8
2.1
2.8
8.0

3.8
2.0

20.0
12.0

2.0

2.8
3.2
9.2

Different intensities of levels of
fluoride available in water sour-
ces in various districts of the state
was represented in the map. As
sources having the ion in the range
0—1.0 mg/lit. were definitely avail-
able in all the districts and as such
concentrations were innocuous, they
were omitted. It could be seen from
the map that sources having exces-
sive content of fluoride were situat-
ed away from different river beds in
general and in particular from the
delta areas of the Perennial rivers,
Krishna and Godayari.

A systematic and comprehensive
study of different available sources
in each of the selected places in Kur-
nool and Anantapur districts was
made. A total of 44 and 52 places
respectively representing different
parts of the districts were selected.
The observations made in Kurnool
district were already reported (15).
The availability of sources having
innocuous levels of the ion in all the
places was shown. In the present
study 382 samples were collected in
Anantapur district from available
sources in all the 52 selected places.
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MAP SHOWING TOXIC LEVELS OF
T s ^ « , , n PRESENT IN WATER SOURCES -

* ? N > ^ \ IN ANDHRA PRADESH.

7"T^ « .-if- -Tx'KHAMMAM «» »«"
HYDERABAD ".• NALGONDA\ fc«("wEST • \

O ( INTENSITY OF DISTRIBUTION OF THE ION IN -

(, - DIFFERENT .DISTRICTS )
>0R /CyDpAPAHV» ' *

• FLUORIDE CONTENT BETWEEN 1-3 ~

o FLUORIDE CONTENT BETWEEN 3-S"

O FLOOPIDE CONTENT OVER 6 m3/(it

Fiff. 1

Wide variation in the distribution ot
fluoride was.observed in every place
examined. It was found that waters
having fluoride less than 1-6 mg/lit.
were in existence in .48 places and
in four others sources with fluoride
in the range 1.6 to 20 mg/lit. were
available. The distribution of the
ion in different taluks was represen-
ted in Table II.

Out of 382 samples as many as 229
(58.9%) had fluorides in the range
0-1.5 mg/lit. followed by 104 (37-2%)
with fluoride above 2 mg/lit. and 49
(139%) had the ion in the range
1.6-2.0 mg/lit. It could be seen from
Table II that there is significant dif-
ference (P < 0.05) in the number of
samples with fluoride upto 1-5 mg/

lit. and those having higher content
of the ion in all the taluks except
Anantapur, Penukonda and. Kadiri.
However, when the number of sam-
ples containing the ion upto 2.0 mg/
lit- were considered against those
having higher content the difference
would be significant for Anantapur
and Penukonda taluks also.

No relationship was observed bet-
ween the fluoride content and pH,
chlorides and nitrate contents of wa-
ter. It was observed that most of the
water samples having fluorides more
than 1.5 mg/lit. were soft waters
having high content of total alkali-
nity (above 350 mg/lit). It was also
noted that among the samples of the
same place, such of those, haying,
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TABLE—II

DISTRIBUTION OF FLUORIDE IN WATER SOURCES IN DIFFERENT TALUKS:

Taluk

Anantapur

Dharmavaram
Gooty

HLndupur
Kadiri

Kalyandurg

Madaksira

Penukonda

Rayadurg

Tadipatri
Uravakonda

Total number
of samples 0-1

62

24

31

39

68

19

18

27

26

44

24

382

Samples

.5- mg/lit

33

16

21

26

29

13

13

14

18

30

16

229

with fluoride

1.6-2.0 mg/Ht

11

3

4

4

8

2

2

4

2

6

3

49

content:

Above 2

18

5

6

9

31

4

3

9

6

8

5

104

in the ranges

.0 mg/Ut Range

0.3-4.8

O.i-3.2

0.1-4.1

0.4-4.8

0.5-10.0

0.1-2.6

0.1-2.9

0.3-8.4

0.2-3.5

0.4-6.0

0.2-5.4

high content of fluorides had higher
total alkalinity and lower total hard'
ness than the samples with low con-
tent, of the ion. During the study of
distribution of fluorides in Kurnool
District a general relationship was
also noted between fluoride content
and ratio of total alkalinity to total
hardness. The results of present
study in Anantapur District were
scrutinized for this relationship in
Table III. The fluoride content was
analysed against different ranges of
the ratio of total alkalinity to total
hardness- Averages of total alkali-
nity and total hardness of different
samples examined were represented.

It could be seen from Table III
that the number of samples with
fluoride content upto 1.5 mg/Jit. was
highly significant for the ratio of

alkalinity to hardness under 1.0 and
in the ranges 1.0-1-5. It could also be
observed that the number of sam-
ples with fluoride content above 1.5
mg/lit- was again significantly high
for all the ratios over 2.0. The re-
sults of samples collected in diffe-
rent other districts were also scru-
tinized and the relationship was also
observed. A closer study of those
results involving consideration of
the quantities of other constituents
of water revealed the following fea-
tures :

1. Deviations from the relation-
ship occured with samples of
those places where the concen-
tration of fluoride in different
water sources was low evident-
ly due to smaller amounts of
fluoride minerals present in
the strata.
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TABLE—HI—RELATIONSHIP BETWEEN THE RATIO OF TOTAL ALKALINITY
TO TOTAL HARDNESS AND FLUORIDE CONTENT OF WATER

RATIO Average total
aljcajinity

mg/lit.

Average
total
hardness
mg/lit

Number of samples RANGE
with fluoride con.
tent:

0-1.5 mg/lit above
1.5 mg/lit.

Undee: 1

1.0-1.5

1.5-2.0

2.0-3.0

3.0^4.0

4.0-5.0

Over 5

208

345

387

456

495

586

640

'372

274

'198
(i68
f133

122

106

41

'34

'26

'8

6

2

5

7

11

32

31

24

16

0.1-1.7

0.3-1.9

0.7-2.2

1.3-4.8

1.3-6.0

1.5-6.4

2.6-8.0

.2. The samples which had higher
content of fluoride than can be
visualised from the values of
alkalinity and hardness con-
tained excessive content of
other ions especially chlorides.

Ajnong different sources tested,
surface waters-streams, rivers, canals
and impounded reservoirs — were
found ,to have low amount of ion
mostly below 1-0 mg/lit. and invaria-
bly ,less than 1.5 mg/lit. In ground
waters wide variations in the con-
centration of fluoride was observed
in̂  well waters even in rocky strata.
Waters, from wells dug in rocky stra-
ta, had more content of the ion than
i-rom normal strata in the same dis-
trict. Many of the samples contain-
ing ion above 22.0 mg/lit. belonged to
wells dug in rocky strata and those
hav.inĝ  the ion in amounts more than
4.0 mg/lit. invariably belonged to
such strata. It was also observed
that roqky soil having granite and
shal,e. formations usually yielded wa-
ters with excessive fluorides,

Discussion

Since the first report of association
of mottled enamel with the fluoride
content of water by Churchill (3)
different workers in various parts
of the world have made numerous
investigations and conclusively esta-
blished this relation. From the lite-
rature, it can be observed that while
the onset of skeletal changes is usu-
ally associated with prolonged inges-
tion of high levels of fluoride (usually
more than 3r4 mg/lit. (4, 7) the pre-
sence of the ion in drinking water in
amounts as. low as 1.0 mg/lit. gives
rise, to the hypoplasia of teeth. It can
therefore be inferred from .the distri-
bution of fluoride recorded in Table-1
that the incidence of fluorosis in ge-
neral and mottled enamel in particu-
lar must have been present in con-
siderable intensity in most of the dis-
tricts. It can also be inferred from
the results that the disease must
ha,ye been prevalent in endemic form
in, Nellore, Nalgonda Kurnool, Anan-
tapur^Puddapah, Guntur and Visa-
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khapatnam districts. In different
places of these districts the levels of
fluoride in waters are in correlation
with the reported incidence of the
disease (5, 10, 11, 17, 18). In all
these places there is extensively area
of rocky strata in the soil. However,
as significant variations were obser-
ved in the fluoride content of waters
collected even in such strata, it may
be possible to obtain a source having
innocuous levels of ion even in such
localities. Waters from rocky soil
having granite and shale formations
were usually found to be contain ex-
cessive fluorides- These qbservatiqhs
indicate that fluoride minerals 'must
have been occuring in considerable"
amounts in such rock formations. In
Visakhapatnam district, high content
of fluorides in water was reported
(22) to have been due to the occu-
rence of apatites sometimes in abun-
dance in a type of intrusive rocks
called "Kodurites" which cut throu-
gh the knondalite genisis. Apatites
are known fluoride bearing. It is
therefore essential to take cognizan-
ce of the physiographic conditions of
the locality and to avoid strata
known to be fluorine bearing while
digging wells in search of potable
waters. Alternatively- surface wa-
ters may be used for drinking pur-
poses- In the present study, as anti-
cipated, all the surface waters exa-
mined had low fluoride content. Si-
milar observations were recorded by
Singh et al. (10) during their study
of fluoride content of canal waters
from Bhakra Nangal project in Pun-
jab.

The results of detailed studies
made in Anantapur district indicate
that there is every possibility of get-
ting at a suitable source of potable
water in different parts of the dis-

trict irrespective of high fluoride
content of an existing drinking wa-
ter source and an attempt is worth-
while- It appears from the results
that in a few places (in Kadiri
taluk) the minimum amount of fluo-
ride present in the waters of the lo-
cality may be slightly more than the
permissible concentration. We feel
that optimum concentration of the
fluoride in potable waters fixed for
a wide area comprising a state pr a
region need not be rigidly applied
for every water supply and several
other factors which may influence
absorption, of fluoride, may be xj«nsi-
cfered in sp6h ^Mei-'caseS;. Setaasnal
reports (14, 12, 18, 2*) indicate that
the incidence itself and severity of
symptoms are influenced by factors
such as nutritional standards of the
people, climatic conditions (14) etc.
We have found it worthwhile to eva-
luate the seasonal variation in the
fluoride content of waters as signifi-
cant changes were noticed in Ihe
concentration of fluorides in diffe-
rent seasons.

Wide variations in the fluoride
content of samples of the same loca-
lity can be due to factors such as
differences in the extent of fluoride
minerals available, difference in the
soil area percolated by the waters
and the influence of other consti-
tuents of soil and water on the dis-
solution of these minerals. The re-
sults of the present study revealed
that hardness and the alkalinity have
bearing on the dissolution of fluo-
ride minerals available in the strata.
From the relationship noted in Table
III it can be expected that waters
having excessive hardness (above
400 mg/lit-) and low alkalinity (less
than 200 mg/lit.) will have low fluo-
ride content and higher alkalinity
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(above 350 nig/lit.) arid lower hard-
ness (below 150 nag/lit.) would be
associated with excessive fluorides
(more than 1.5 mg/lit.). It can be
inferred that the dissolution of fluo-
ride minerals in water is definitely
augmented by lower hardness of wa-
ter (soft water). These results also
indicate that the fluoride bearing
minerals must be containing insolu-
ble salts of the ion. The presence of
apatites containing CaFj in abun-
dance in some places was already
located. The presence of excessive
alkalinity in the soils and in turn in
the water may be influencing the
dissolution of fluorides by way of
"common ion effect". Greater disso-
lution of fluoride mineral might re-
sult from high concentrations of
other ions (eg. chloride) due to ''salt
effects." It would therefore be ad-
visable to avoid soils having exces-
sive alkalinity, excessive concentra-
tion of other minerals (brackish soils)
and low calcium and magnesium
contents while digging wells in
search of potable waters, especially
in endemic areas.

The results of the present study
show that detailed and systematic
investigation oh the distribution of
fltforides and waters would be high-
ly useful i;n finding but alternative
water sources having innocuous le-
vels of the ion. The study also in-
dicate the urgent need for conduct^
ing "exhaustive epidemiological sur-
veys arid further laboratory investi-
gations. Froni the observations
ma'de we presume that concentration
of different other constituents in the
drittkirig w'ater rh'ay -have influence
oh the 'deposition, absorption and re-
tenti6n of the fluoride by bones arid
teeth- It is opined that field %nd -la-
boratory investigations on these -as-

pects would be useful in tackling
this 6Kroriic problem of fluorosis
which has assumed paramount pub-
lic health importance.

Summary:

1. General distribution of fluo-
ri'de in waters, in different districts
of Aridhra Pradesh, was evaluated.
A total of 2,569 samples were analy-
sed vfo"r fluoride content. The pre-
sence ~of the ion in toxic amounts in
most of the districts of the state, was
shown. In as rnany as 17 of the 20
districts waters contained fluorides
upfo 3 frig/lit, arid in 12 of them sour-
ces having the ion in the range 3.1-5
mg/lit. were also in existence. Ma-
ximum amount of 20 mg/lit. was re-
corded.

2. Wide variations were observed
in the fluoride content of different
waters, in every place examined.
The approximate intensity of fluo-
ride levels in different districts, was
represented in the map. Most of
the sources having excessive fluo-
ride were found to be located away
from the river beds.

3. detailed study of the distribu-
tion of the i6n in 52 selected places
in Anarithapur Dist. was made. The
probability of getting at a source
having innocuous levels of the ion in
the district was discussed.

"4. Alkalinity and hardness of wa-
te'f1 were found to have influence on
the dissolution of fluoride minerals.
A ge'nef a'l 'relationship between the
fluoride content and the ratio of al-
kalinity to hardness was noted.

5. The i-esults brought to light
the urgent' heed for conducting ex-
haustive epidemiological surveys and
further laboratory investigations.
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DISCUSSION

Shri S. Chatterjee, Calcutta: As ex-
cessive fluorine is a problem which causes
mottled teeth, the deficiency of fluorine in
water also causes dental carries. As the
areas having high fluorine contents in
water are pin pointed, we could as well
prepare a contour map showing different
levels of fluorine concentration above and
below 1 mg/lit. with an interval of 0-3

mg/lit. contour lines, both above and
below the permissible level of 1 mg/lit.

Shri G. ft. Kulkarni, Maharashtra:
What is the effect of fluorosis on cattle
and is there any provision for providing
Wate.r supply free of fluorine for cattle ?

Shri Ramamohanarao, Hyderabad: The
effects of fluorosis on cattle are similar %o.
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those noticed in human beings. There is
no special provision for providing fluoride
free water for the cattle where such an
amenity is lacking for human beings.

Shri T. S. Bhakuni, CPHERI, Nagpnr:
What is the criteria for selection of wells
for fluoride concentration determination.
Whether • the yield and location of the
wells were considered? Are the surface
sources and sub-soil sources grouped se-
parately. The authors may clarify whe-
th<3(re they have assessed the geological
structure of a particular area. It was re-
ported that while digging wells, fluoride
bearing minerals can • be avoided. How
could this be achieved ?

Shri N. V. Ramamobanarao, Hyderabad ;
In the systematic survey of well waters
the wells that have been in regular use
by the villagers were taken up for analy-
sis and the yield was not considered.

Surface and sub-soil sources have been
considered together and the former consti-
tutes a small percentage of the total as
reported in the paper.

The geological structure has not.
particularly studied. All the sources exa-
mined were found to contain widely vary-
ing amounts of fluorine. It would clearly
he inferred by statistical treatment ol the
results that it. is definitely possible to
get a suitable source of potable water in
different other places throughout the area
surveyed.

Prof. M. V. Bopardikar, CPHERI, Nag-
pnr : High polystyrene resins are the
only solution for removal of fluorides and
other dissolved solids vfs-a-vis other ex-
change materials such as paddy husk car-
bon and sulphonated saw dust carbon.

Dr. K. R. Kabra: The author pointed
out that when Ca ++ ion is more in
water, F~ ion is found to be low. If
this is so, can we add lime to water and
decrease the F ion concentration ?

Shri Ramamohanrao, Hyderabad: I
agree with Dr. Kabra that addition of cal-
cium and even magnesium will reduce the
fluoride concentration to a certain extent.
It requires large amount of calcium to

bring down the fluoride concentration to
innocuous levels. The addition of calcium
ion to water containing excessive fluoride
may afford protection against absorption
and retention of fluorides in the body.

Dr. G. J. Mohanrao, CPHERI, Nagpur:
Because of the relative insolubility of cal-
cium fluoride, it may not be surprising to
find lower values of fluoride in waters
having high calcium. However, it should
be noted that, in view of small concentra-
tion of these salts In waters the normal
stoichiometric laws can not be expected
to hold good. The removal of fluorides
by the calcium ion may be achieved by
•precipitation, co-precipitation and adsorp-
tion.

With reference to finding a proper ion
.exchange resin of the polystyrene type, I
would like to give a word of caution.
Fluoride ion is known not to dissociate
too much and hence ion exchange may not
be a very promising venue for its remo-
val. Adsorption, precipitation and co-
precipitation may be better methods to
try.

Shri T. S. Bhakuni. CPHERI. Nagpur:
The authors have tried to correlate the
ratio of total alkalinity to total hardness
, with, the quantity of fluorides in the water.
I feel that this type of re]atinnship) if any,
may be only of academic interest. Do
the authors feel that by this relationship
we can substitute the estimation of fluo-
ride by analytical methods ?

Shri N. V. Ramamohanarao, Hyderabad:
A general relationship between the ratio
of total alkalinity to total hardness and
the fluoride content of water has been
found by a close scrutiny of the results as
mentioned In the paper. We are not tack-
ling this problem for academic interest
but for finding a solution to the problem
of fluorosls. As explained in the paper
the results indicate that soils having ex-
cessive alkalinity, excessive salinity and
low calcium and magnesium contents
have to be avoided while digging wells for
drinking water. The results clearly show
the range in which the fluoride content
has been varying for different ratios of
alkalinity to hardness.
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Use of Solar Energy for Production and
Supply of Water From Salt Water

S. K. GARG, S. D. GOMKALE & R- L. DATTA
Central Salt & Marine Chemicals Research Institute, Bhavnagar

Solar energy is utilised for produc-
tion of fresh water from saline water
by solar stills and ifyimidification-
Dehumidification tethtlicfue. Appli-
cability of solar stills is restricted to
lower water requirements, say upto
45 cu m/day though unavailability of
power is no problem. This drawback
is overcome by the Humidification-
Dehumidification technique which is
felt to be capable of supplying water
upto say 5000 M3 per day i.e- 1
mill gal/day. Hot sea water for the
technique can be obtained by either
heating sea water in solar collectors
or withdrawing hot sea water dis-
charged by many chemical indus-
tries. Second source gains an ad-
vantage over the first because solar
collectors are not necessary and thus
results in lower cost of water. Re-
covery of by-products in ctombina-
tion with Kumidification-Dehumidi-
fication plant using concentrated dis-
charge can bring about some reduc-
tion in cost of water.

Evaporation and condensation, the
two operations occuring spontane-
ously in nature are responsible for
producing huge quantity of fresh and
pure water, be it from ocean or sea
or lake or river or brackish well and
lake. Radiation from the sun plays

an important and significant part
in such operations. These spontane-
ous operations being not under con-
trol, much •of the fresh water so pro-
duced cannot be used by man. Ne-
vertheless, when these operations
are brought under control by suita-
ble designs to trap solar radiation,
fresh water of quality and quantity
can be produced according to needs-

Solar Still Technique

In India, a tropical country, solar
energy is available abundantly for a
longer period of the year in many
parts. An average value of solar ra-
diation of 543 cal/cm2 /day (2000
BTU/sq ft/day) is not uncommon in
many parts of India. Such higher
radiation intensity, if used optimally
in a device say, in the solar still
technique of desalination will yield
9.76 lit/m9 /day (0.2 gallons of
fresh water per square foot per day).

But in actual practice resulting
efficiencies of stills are as low as 20
to 30% which need more area to be
covered for water production. Ef-
ficiencies can be increased by use of
reflectors or solar powered mecha-
nisms (3) to make the units follow
the sun or other means (2). But these

133
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result in higher costs without pro-
portionate gain.

Based on the experimental obser-
vations, a pilot plant to produce
about 250 gal/day w.as constructed
to collect operational data. Details
are indicated in our previous publi-
cation (4). Fig. 1 and 2 indicate the
arrangements for supplying water by
solar stills on the site of installation.

Limitations of Solar Still Technique

Our feasibility studies indicate
that such a technique can be set up
in isolated regions like salt farm
areas or islands where power or fuel
is not available for the purpose to
supply water to smaller communities
when the requirement of water is
varying between a few hundred gal-
lons to a few thousand gallons per
day, and where no nearby natural
source of water is available. In re-
gard to both the limiting capacity
of fresh water which can b,e produc-
ed by Solar Still technique, and the
nearness (or distance) of the natural
wstsr source from thp place of con-
sumption) quantitative conclusions
are arrived at from our feasibility
studies. From Fig. 3. which gives
the relationship between capacity of
desalination plant and cost of fresh
water per 10j)0 gallons for the Solar
Still technique and the .Humidifica-
tiqn-Dehumidificatiqn technique
(HD) (as developed by us and des-
cribed below) it is evident that limi-
ting capacity of plant of abput 90,800
lit- (20.000 gal) of fresh water per
day should not be exceeded for solar
still plant. In practice, it may be
even less, say, a few thousand gal-
lons of fresh water per day only-
Beyond this capacity, HD technique
should be used. In isolated salt
farm areas of Kutch and Saurashtra

regions, our survey indicates that
water is conveyed from distant pla-
ces by trucks, tankers, bullock caftŝ
camels and eyerj head lqads as $ re-
sult of which the costs of water per
1000! gallons range as high as from
Rs. 11/- to Rs- 40/- (4), or Rs. 2.42
to Rs. 8-80 per cubic meter, justifying
establishment of Solar Still plants
i^many. of the regions with cost of
water not more than Rs. 8.45 per 1000
gallons. In order to compare the
cp,s$s of conYeying natural water of
yarip.ug .quantities at different dis-
tances by galvanised iron (G.I.)
pipes and R-.&.C-. pipes with that of
the above mentioned cost of water
QI So[ar Still Plant, Tabie I is pre-
pared; Capacity of water beyond
90,0,0,0 lit. (20,00 gal.) per day is not
included, as Solar Still technique is
not to be applied beyond this capa-
city, R.C.C. pipings qf low sizes are
fioi available nqrmally, and hence
GJ. piping is to be used for smaller
capacity water conveyance. Table I
indicates that if the distance of na-
tural water from the place of con=
sumption is beyond; say, 10 to 15
miles for .capacities up to 22,500 lit.
{500.0 gal.) to 45,06b lit. (10,000 gal.)
of water per day, the cost of conve-
yance per (4500 lit.) 1000 gal. alone

the.cost of Solar Still Plant-
^ d water. Even at the places

where present supplies of natural
water are taken from nearby wells,
one has to keep in yie'vy the fact that
in certain regions, the level of water
in wells is falling down at the rate
of 60 cm per year (5).

Based on the above mentioned
factors and considerations, designs
of Solar Still Plant have been given
to several companies^ mostly for
their salt farms-
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TABLE I—COSTS OF CONVEYING WATER BY G. I. AND R. C. C. PIPING
FOR DIFFERENT DISTANCES AND CAPACITIES OF WATER

Water Require-
ment (gal/day.)

lit/flay

(500)
2250

(1000)
4500

(5000)
2,2500

(10,000)
45,000

(20,000)
90,000

Pipe size
(in.) ;

1.0

1.0

i 1

2.0

3.0

4.0

Distance
of source
of natural • •
w a t e r . • •

vmiies)

2 ;
5

10 1 ;.
15 :
20

2

5
10
15
20

2
5

10
15
20

2
5

10
15
20

2

5

10

15

20

•Cost of
CRs. per
Type of

used

•G.I.

19.70
36.90
61.40
94.65

122.60

9.95

18.55
31.60
48.40

62.10

3.06
6.04

11.25
16.20
21.25

2.27
4.73

8.85
12.86
18.20

1.58

3.32

6.20

9.10

12.00

water
1000 gal.)

piping*

R.C.C.

1.30
2.31
4.00
5.68
7.38

0.87

1.53
2.64

3.77
4.85

* To get costs in Rs./M8 multiply values in Rs./lOOO gal. by 0.220
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Humidification-Dehumidification
(HD) Technique

Limitations of the Solar Still tech-
nique with respects to limiting capa-
city of plant, utilisation of ; solar
energy only to the extent of 30 per
cent, requirement of larger space are
overcome j to a major extent in the
Humidifieation-D'ehumidificatioh te-
chnique (HD) of desalination. The
principle jof this technique JS des-
cribed in| an earlier communication
(6), the major units of which are:
(a) Solan energy collector (b) Hu-
midifier (raschirig ring packed to-
wer) (c) j.Dehumidifier (Condenser)
corresponding to jthe three operations
healing, evaporation and condensa-
tion as also indicated in the case of
Solar Still technique. The signifi-
cant features of the HD technique
which enable the above mentioned
limitations to be overcame are that
both evaporation (in tower) of hot
brine and condensation' (in conden-
ser) of water vapour are much! more
controlled^ on account of design and
operation' of tower and condenser
according ;to suitability of calculated
performance. The important; units
of the HD Plant are sho^n in figure
4. On account of reduction of 'space
to about \ in the plant 'compared to
that for Solar Still plant better uti-
lisation df Solar energy (to about 60'
per cent) and more-controllability•••of
some of the important operations',
not only the cost of fresh water by
the HD plant is less but also the cost
of investment per 1000 gal. (4500 lit.)
decreases and earlier stated limiting
capacity may be extended up to the
million gallons of fresh water per
day or more, but there is some re-
quirement of artificial energy to the
extent about 27 kwh per 1000 gal.
(4500 lit-) to pump brine and blow

air- This requirement of power is
small compared to the power require-
ments for the other distillation tech-
niques as shown in Table II, where

I energji ĵ equirfe-m'enfeifor the ̂ demons-
j tration .plantfof t]fe\various techm-
j ques are compared' With thajt for the
million • gallon capacity HE?-'Plant-

• This taple fuWhef shows .that at
'• 60°C, fu concentration^ factor] of 20 is
; obtainable implying (a recovery of 5
! per cent of f nesbf waiter in one cycle
j of operation. ] A* HD! Plant] may- be
constructed' oiTTj of indigenous mate-
rials, j Consequently ,j a HD' plant is
potentially capable, of supplying
fresh water tp bigger community,
for reasons stated atiove. ,' ^

Feasibility studies of HD technique

Base1^ on the experijments with
the laboratory plant of 140, lit-"*, (30
gal.) of freshj water iper day and de-
sign of 4,000 lit. (1000 gal); per day
capacity Pilol Plant; feasibility stu-
dies carried but forj the HD Plants
for vaiious capacities" indicate expon-
eniial' relationships i between capa-
city of .the plant and] investment cost
per. lOjCJO gal {(4500 lit.) as s^own in
Fig. 5,-and capacity of plant and^cost
of water per! 1000 gal. (4500 lit) as
shown in Fig.j 6. These relationships
are significant in selecting a parti-
cular capacity of plant for a given
duty. For ^xariiple, if the require-

'ment'of,witercis,one-million gallons
per day, the capital investment will

;:be Rs. 78,20,000 and cost per 1000 gal.
(4500 lit.) of water will be Rs- 4.69.
There are ways of reducing both the
cost of investment and the cost of
fresh water. Use of waste heat of
industrial plants (e.g. thermal power
plants or Chemical industries using
sea water as coolant) will reduce
costs. In such a case the solar ener-



y A

2

•£=

' > *-V*

• * . : ; . - . ° :
o B O "

e « c o o
0*00 » o o o
• • • • *• • a

• * °o
'!'.»',«i
• » • •*« o •

* o o • • • • • • •

- • ' - • /

-~A

- . .,. ,

n 1

' • • ; • :

n

ft 1 1

- • •

•

t !
h ^

2 /

t—t—I—1
1—t-

»-4-
i >

bid
—t—i—

' ' * - i r-

/ • -
/

C|

7_v

AIR

ITT .

— \ ' 1
hi 1 \-
—I 1—

r-t—H
«-H—
= 2 H

COCO S(A
> W*T»B

J — jpj w »t c n
<

PRODUCT WATtft

S S I -^. 5

- . ;. .'.•"• v.' •;

PARTS

• A

1

2

3

B

1

2

" C | C 2

I I ' ; i • • -

• • - ' * •

DESCRIPTION

HUMIDIFIER

DISTRIBUTOR

PACKING-RASCHIG

PACKING SUPPORT

DEHUMIDIFIER

FINNED TUBES

bAKFLC

SOL^R COLLECTOR

Fl R^T l§|.AXrfi'6

-SECOMO — DO —

BLACK B O T T O M

WOODEN: K2WR>B

8RlCK.MASOfNRY

1 ii. ' ^ '

en
Q
r

O

4 CO
CO



TABLE H

Comparison of some typical data specially with reference to power require «nent for various
desalination as calculated by Central Salt and Marine Chemicals Research Institute, Bhavnagar.
information for calculation of th«*e data are from Office of Saline Water, U.S.A. (AprU, 1964;,

Capacity (gal./day)

Degree of purification
(Total dissolved solids)

Top temp. (°F.)

Power (KWH/1000 gal.)

Fuel, (BTU/1000 gal.)

Steam, (BTU/1000 gal.)

Concentration factor
(lbs of feed/lb of
product)

lbs
H,SO4 gal

1000

Distillation
Long tube
vaporisation
(12 effects)
falling film

1 million

35,000 mg/llt
—50 mg/Ut

250

8.11

• b

0.846 x 10'

3

1.3

Flash distilla-
tion
(36 stages)
i

t million

35,000 mg/lit
—50 mg/Ut

250

3;18

0,95 x 10«

0

2

1.3

Electrodlalysis
(4 stages)

2,50,000

1 800 mg/lit
—350 mg/lit

50

6.4 (10.2)

0

0

22

3.0

Distillation
forced circu-
lation vapour
compression

1 million

24,470 tag/lit
—50 mg/llt

232

55.9

3120

0

4

0

teohnlauea of
Some of the

Humidiflcation —.
Dehumidificatlon
Calculated*

1 million

35,090 ms/lit
—50 mf/Jit

140

27

Solar energy

Solar energy

20 (one cycle
of operation).

0

Total energy in KWH per
1000 gal. (Electric power,
fuel & steam converted
into KWH, item 4, 5 & 6).

253.11 281.18 6.4 56.815 27

s-

a

a

» CSMCBI, Bhavnagar
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gy collector of the HD Plant is not
required if the temperature of the
outlet sea water from the plants is
reasonably high. Under such a con-
dition, a million gallons capacity HD
plant would cost Rs. 45,94.000 with
cost of water per thousand gallons
as Rs. 2-69. Costs of fresh water in
HD Plants with or without solar
energy collector may be reduced
further by the recovery of costly by-
product like Bromine. Investment
cost and cost of fresh water by HD
plant are compared with those for
the techniques of desalination in ope-
ration in various parts of the world,
as indicated in Table III, from which
it is seen that both the costs for HD'
plants appear favourable. In this
table investment cost and water cost
for HD Plant without solar energy
collector is not included. Neverthe-
less, both the costs of HD plant with-
out solar collector will be less by

more than 30 per cent of those of the
HD Plant with solar collector at
capacity of plant of one million gal-
lons per day or more.

It is, therefore, evident from the
above that depending on the capacity
of requirement of water for smaller
or medium sized or bigger commu-
nities, solar powered Solar Still
plant or HD Plant may be used to
produce and supply water for com-
munity in many parts of India where
solar energy is in abundance for a
long period of the year, although cost
of such water may not be quite com-
.petitive immediately with that of
the natural water unless chemical
recovery plants are coupled with
such plants or waste heat of indus-
tries are utilised- There exists im-
mense possibility of implementing
both these proposals in desalination
plants.
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TABLE BO— CHARACTERISTICS OF SOME OF THE DESALINATION HANTS* UNDER OPERATION IN
DIFFERENT COUNTRIES

CSMCRI, Bhavnagar

Technique Location

Submerged tube
or multi-effect
evaporation

Luderitz (S.W. Africa)
Kuwait A
Kuwait B
Doha (Qatar)
Salinas (Ecuador)
Aruba
Curacao • : • •
Freeport (U.S.A.)

Flash evaporation
Luderitz (S,W. Africa)
Kuwait A
Kuwait B
Doha (Qatar)
Safaniya Oilfields
(S. Arabia)
New Providence
(Bahamas)
Carlton Beach Hotel

• ., (Bermuda)
• Salinas (Ecuador)

Virgin Islands
Guemesey
San Diego (U.S.A.)

Capacity
(Rated)
(gallons)

63,500
12,00,000
12,00,000

2,38,000
1,00,000

26,40,000
10,00,000
10,00,000

1,40,000
24,00,000
24,00,000

3,60,000

5,000

14,00,000

40,000
50 000

3,00,000
6,00,000

10,00,000

Degree of
purification
(mg/lit)

35,000 to 50
45,000 to 50

45,000 to 50
45,000 to 24

—

to 5
41,200 to —
35,000 to 50

35,00ft t$o£0_
45,000 to 50.
45,000 to 50
45,000 to 24

45,000 to 50

35,000 to. 50

35,000 to 50

35 000 to 2
35,000 to 19.0
35,000 to 50

Investment
cost (Rs./
1000 gallons)

15,500
24,000
16,250

—
12,200
23,950
30,200
9,200

9,350
10,700
4,100
—

1,94 000

8,100

4,900
15,200
18,400
6,800
8,050

Cost of converted
water (Rs./lOOO
gallons)

29.8
7.38
7.38

26.50
17.05
10.60
18.95
6.25

34.10
7.38
7.38-

26.50

50.00

—

14.20
17.05
12.31
9.28
6.00



TABLE HI—(Contd.)

Technique Location . Capacity Degree Of
(Rated) purification
(gallons) (mg/lit)

Investment Cost of converted
cost..(Rs./ water (Rs./lOOO
100 gallons) gallons): --

Vapour compre-
ssion evaporation

Electrodlalytds

Solar Evaporatton

Hnmldiflcation—>
Defaumidificatton

Zarchin Freezinif
Process

Jon. Exchange

Port Etienne (Africa)
Kingley Air-I&rt Base
(Bermuda)
Roswjeii (U.S.A.);

Zarzis -(.Tunisia)
Awali- (Bahrain)

-Qom (Iran) . • v.-i;.-cs)
Dhaharan (Saudi Arabia)

j«Welkom .(Sir-Africa)
Buckeye, Arizona (U.S.A.)

Webster (U.S.A.j

Florida^U.S.A.)
Bhavnagar (India)

Puerto Penasco (Estimated)
Bhavnagar (Estimated)

Eilat (Israel) (Estimated)

Eilat (Israel)

50,700

i '< •

83.00

2,00,000
10,00,000

6,600
85 000

- . 13,200
' 1,15*000
28,80,000
,6,50,000

-2,50,000

147
; 500

10.00.TJOO
10,00,000

. 5,30,000

7.920

35,000 tq —
24,470 to 50

6,300 to .1200

;3,400 to ^500
.2,000 to —
2,500 to 500

,3,000: to ^500
2;076.or —
2,140. to o500
1,800 to- 350

35,000 to 50
35,000 .to 50

35,000 to 50
35,000 to 50

35,0.00 .to .5.0

2,600 to —'

—
10,000

,24.600
10,700

—
1,380

-- '.
7 58,-230

2,08,500
ljOO.OOO

8,675
8,000

. , , . . . 8 , 0 0 0

.17.40
~~ 7J.OO

13 :62
14^95

.;,— "
30.00
0^52

: rA-65

I ••. . 1

29.90

4.55
4.69 (3.9)

. 5.00
t ••

- ^43.5

•Used as stand by '1.'!
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Shri C. B. Kharkar, Bhilai- What Is
the cost per 1000 gallons with respect to
maintenance operation, interest on capi-
tal, sinking fund etc? Why not dispense
with the containers and reduce the cost?

Shri S. D. Gomkale, Bhavnagar: HD
technique is more suitable for higher ca-
pacities of fresh water (in millions of
gallons). The higher the capacity of the
plant, there is portional increase in the
cost of investment and cost of water it
decreased.

Based on one lakh gal/day capacity
plant the cost per 1000 gallons is given :

Total plant investment (approximate
rough estimation) =Rs. 12,24,000

1. Maintenance labour and maintenance
material @ 2J% of TP.l

27 KWH
2. Operating, power, — =2.7

10000 gallons
@ Rs. 0.10 per KWH.

3. Interest and sinking fund (Deprecia-
tion) =Rs. 3.0 @ 7.4% (20 years life
of the plant).

4. Regarding containers for keeping sali-
ne waters for evaporation it is to be
noted that in laboratory units metallic
trays are indispensable. But in actual
practice, one can go in for cement con-
crete basins of required dimensions
for producing more water. Even stabi-
lized soil basins can be used along with
plastic linings.
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Studies on Solar StiH for Production of
Water for Small Communities in

'•- , Arid Zones

J. S- JAIN, S. G- SHAIKH and S. M- DHABADGAONKAR*
•V >• •• Central Public Health Engineering Research Institute, Nagpur

In arid zones like Rajasthan and
several other regions in India, the
availability of surface water ilŝ Very4

limited. The ground water available
• is. brackish and is. not suitable foi '•'

domestic use- Therefore; for Rajas''
than' andi other several states in

' India, where large tracts of under
ground brackish water , are" found,
it is a uphill task to get water which .

,' is frt for, drinking purposes. In these ••
areas, the sources of surface water
are very few due to scanty rainfall.

. In"summers, the situation becomes.
quite precarious as even1 the meagre
surface water sources are dried up
leaving th'e people of these' areas

:, with no alternative" except to use the •
, brackish' water for drinking, also.

The chloride content of these waters
ranges from 500 to 8,000 mg/lit., 2,000
to 4,000 mg/lit.. being the common
range. The use of this water for
drinking is, therefore, bound to
affect the health of the users.

Several sophisticated processes of
desalting the Saline Water have been
developed- These processes are Dis-
tillation, Humidification, Membrane,

Ion .Exchange, Freezing, Hydrate
and Solvent Extraction (1).

All these processes have their ad:

vantages and disadvantages when
examined for desalting a particular
wat'ei1. However, one factor is com-
nrfdrr to all' of them, they are quite
complicated and costly. Moreover
they require a specialised skill for
their design, operation and mainten-
ance and. therefore, may not be suit-
able for our country. Humidifica-
ti6n' process includes multi-effect

.'humWiflcation and solar still pro-
cesses- Solar still process seems to
be of great interest for developing
countries like India. They require
s'olar energy, which fortunately is
available in plenty, especially in arid
and semi-arid zones where brackish
water is a problem-

It is with this background that the
present studies were taken up by the
authors.

Objective of the Studies

Two experimental working models
were set up with two major objec-
tives in mind: (1) To arrive at a de-
sign of Solar Still which can utilize

• Present Address :- Asstt. Lecturer, VRCE, Nagpur
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SOLAR STILL 147
the maximum Solar energy, (2) To
estimate the possible yield of the
water for a set of conditions

Design Features

A model admeasuring 5'-6" x 6'-6"
and having mild steel evaporating
pan (3' x 6' x 3") covered with glass
at an inclination of 45° was set up.
The data on the yield of this unit for
the period of January 1965 to May
1965 showed that at an average 0.5
gal/day yield was achieved at 32-8%
efficiency of collection for the total
surface of water.

The low effitq̂ Rcy of collection
and consequent low yields-wag:-traced
due to leaks developed in the ie
and some initial shortcomings of
erection- Therefore, an imprcw-ed
model was erected based on the ex
perience of running the first model.

The main improvements made in
the new model were: (i) plugging of
the leaks was achieved by rubber
headings, (ii) collection channels for
condensed water were provided in
all four sides instead of two as was
done in old model, and (in) the mo-
del was constructed in such a fashion
that it was easily accessible for re-
pairs from inside. Figures 1 and 2
show the pictorial view and the side
sectional view of the model.

In addition to this, another model
s similar to the one described above
was set up with an anjAj of inclina-
%sn of 30°. This mode\^as erected
to see ,f«h§fcher the aj&gje >f inclina-
tion of glazing has some-effect on the
yield. The design features of the
two models (called here A & B) are
given in Table I.

ooontN m»m COMJCTWH ( M i l

GLAZING

PICTORIAL VI£W

Fig 1
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TABLE I—DESIGN FEATURES OF MODELS A & B

Tray material
used

Inclination of glazing

Area of trays

Effective glazing surface

Depth of water in the pan

20 gauge copper &
M.S. sheet painted
black

45°

1.62 sq. meters
'17.5 sq ft)

3.22 sq. meters
(34.6 sq ft).

13 cm
6 cm

20 gauge copper
sheet painted
black

30"

1.62 sq meters
(17.5 sq ft)

2.106 sq meters
(22.6 sq ft)

13 cm
6 cm

Total Depth of the pan 15.2 cm (copper) 15.2 cm (copper)
6 inches (6 inches)

7.6 cm (M.S.j (3 inches)

Data Collected

The following data were collected
during these studies: (1) Solar radia-
tion in langleys (2) maximum and
minimum temperatures (3) total
quantity of water evaporated which
has been calculated by multiplying
the surface area of the can and the
reduction in water level measured
with the help of glass tube suitably
calibrated and attached to the pan
containing water/brine over a period
of particular duration, (4) actual col-
lection of water per day (yield). The
data collected have been tabulated
in Tables II & III (see appendix).

A graph showing yield of solar
stills is shown in Fig. 3 wherein
solar radiation versus yield per sq m-
area of effective glazing surface is
plotted.

Analysis of Results

From Table II and III, it can be
seen that the solar still performance
during the period from Dec 1965 to
May .1966 has markedly improved as
compared to results obtained during
January 1965 to May 1965 which are
given in Table II- The latter unit
gave an average yield of 2.09 litres
(approx. 0-5 gallons) per day at
32-8% (average) efficiency while the
former gave an average yield of 4-51
litres/day (1 gallon) at an efficiency
of 73%. These figures pertaining to
pan 'A' made of Mild Steel are arriv-
ed at by taking the average of three
months (March, April & May, 1966).
These three months were selected as
the pan used during this period was
of mild steel similar to the one used
in earlier studies (Jan. 1965 to May
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1965). In this comparision, incljna-
tion of glazing in both the cases was
45 degrees.

On further examining the table
III, it will be seen that both the
units.i.e. Models 'A'.& .'B' had.eva-
poration pan made of copper during
the period between Dec. 1965 to
March 1966. The model 'A' repre-
sents the unit which had glazing in-
clined at 45° to the base while model
'B' stands for unit having glazing
inclined at 30°. From the average
monthly yields > of • the period Dec
196-5 Jo ..Mitch ,1966 it .can be .observ-

ed the Model 'B' having inclination
of 30° gives consistently better re-
sults , as compared to Model 'A'
which has glazing inclined 45° to its
base. In both the models, the eva-
poration pan areas exposed to solar
radiation .are the. same i.e. 1.62 sq m-
(17.5 sq ft). But the glazing areas
are different. The average yield of
model 'A' during the period Jan. '66
to March '66 comes to 3.58 lit/day for
322 sq m. of (34-6 sq ft) glazing ar-ea.
The .average.yield;for model 'B' dur-
ing Jhe.aame period comes to 3.172
lit/day for 2-101 sq m (22-6 sq ft) of

-2 :0"

,OC5-

YIELD OF SOLAR'STILUS
MOORA,INCLINATION OF GLAZING ,SU««Ct - 45*

MODELS . " • " " — 30*

?PP 240 J8O 320 360 rtOO 44© .480 .320
SOtfR RADIATION C L*"4'«»»)

Fig. 3



TABLE II—RATE OF YIELD OF FRESH WATER (JAN—MAY 1965) RESULTS OBTAINED BY OLD MODEL OF 45°
INCLINATION

Year
Month

Durat-
ion
(hrs)

472

432

Incident
Solar
radiation
langleys
(average)

—

308.6

Total Qty.
evaporated
litres

104.53

95.21

Total
Qty.
collected
litres

51.175

35.00

Collection Efficiency (%) Collection Collection
.... ... ...J-L._..' (litres/day) 2.31 sq met.

Ave. la^s^d Ave. based of effective
on daiix on overall glazing,
efficiency efficiency ;

1965 Jan.

Feb.

Mar.

Apr.

May

744 493.0 205.56

432.5 535,0 141.61

529.5 544.6 178.58

44.80

40.30

47.05

48.01

40.56

25.06

25.7a'

24.74

48.85

40.40

21.61

30.28

26.30

2.60

1.85

1.52

2.33

2.156

1.695

1.173

1.542

1,478

1.365.

I



TABLE HI—RATE OF YIELD OF FRESH WATER (DEC. 1965—MAY 1966) CJl
M

=3

I

I
o

Ave. Temp

Collection
Efficiency %

1 . .
si l l
c H H. <«

gg>
4)
o

a)

I
hT3 VI *̂ * ff in V

g 3 *

T3.

2

§

6

0 ID

o .

•a g1

§ 1
CO

1.

Dec.
•65

Jan.
'66

Feb.
'66

2.

192

382.5
430.5

547.5

3.

281.15

267

343.0

4. "

26,81

28.52

34.91

5.

15.65

14.57

16.31

6.

A

A
B

A
B

7.

24.22

56-72
47.49

103.89
96.62

8.

21.67

47.95
39.11

87.77
81.15

9.

88.70

82.80
81.60-

85.55
87.41

10.

89.50

83.53
"82.35

84.45
84.50

11.

2.708

3.008
2.180

3.847
3.557

12.

1.954

2.170
2.411

2.775
3.932

13.

—

—

—

14. 15.

—• Copper

' )>
»>

Mar.

'66

Mar. '
'66

306.75
258.75

98.00

371.0 -N

432.0 f

36.16 20.94 A
B

A
B

64.32
58.50

23.04
24.53

49.72
40.75

18.73
16.76

68.00
66.42

80.30
66.06

77.35
69.65

81.43
68.00

3.890
3.778

4.588.'
4.086

2.805
4.177

3.30
4.494

2014
1958

2119
1980

— M.S.
— Copper

Apr.
'66

May
'66

404.50
247.00

168

359.0

444.5

42.53 26.59 A
B

A
3

103.68
48.95

48.96
55.-M

77.50
42.07

30.31
25.63

79.27
77.14

66.00
47.48

74.52
81.29

63.00
48.50

4.600
4.080

4.33
3.66

3.312
4.<-38

3.18
4.026

2775
3055

1551
1676

10.09
7.37

6.51
7.61

M.S.
Copper

M.S.
Copper



SOLAR STILL 153

glazing area. In both these models
for this period, the trays used were
made of copper. If model 'B' had
the same glazing, area as Model 'A',
the yield per day would have in-
creased to 5.1 lit/day which is more
than a gal/day. The solar radiation
during the period Dec. '65 to May '66
ranged between 267 to 445 langleys
while during Jan. '65 to May '65 it
ranged between 3G9 to 545 langleys.

The major part of the experiments
was conducted with tap wa'feef: Btit
from March 1966 to May 196&, the
water was used having salt concen-
tration between 1651 to 3055 f%/lit
as NaCL This was done in order to
see whether the model: performance
is affected when the brackish water
is used in the evaporation trays, as
for practical purposes, the saline
water will form the evaporating sur-
face. But no particular effect is ob-
served on the yield performance in
the range of salt concentration used-
However, the data collected in this
respect is meagre and, therefore, no
conclusion can be drawn at this
stage.

Cost Analysis

The cost of erection, including
labour and material, works out to
Rs. 600-00. This unit can give a
yield of approx. one gal/day (1.62
sq m surface area) of distilled water.
It is rather difficult to give the cost
for a solar still plant which can serve
a small community based on these
small scale studies- An estimated
cost of fresh water from a 500 gal/
day capacity solar still by Datta et al
(2) is reported as Rs. 8.45 per 1.000
gallons- This is 8 to 10 times the
cost of the water obtained by con-
ventional methods. Other desalina-

tion processes such as multi-effect
evaporation, multistage flash evapo-
ration, electrodialysis etc. are
ecfiiaffy expensive and more elabo-
rate and complicated.
Conclusions

From the present study, three con-
clusions can be drawn- (1) A solar
Still with a 30° inclined glaz-
ings gives -much better yield ihan. the
on© having 45° inclined glazing; both
iiaving the'sarrte evaporating teurface
"area and the effective gla-zlrfg area.

<n aS. s«feB of tlie soU&r Still
($)' Corrosion is a problem in tfee
case of mild steel trays. But eoppei
is very expensive to be used for this
purpose. Therefore, some- other
material such as Aluminium' should
be tried out-
Applicability of the Process

' There is no doubt that solar still
pfrbcess or, for that matter, any other
desalination method can not com-

•plete.with the conventional method
of obtaining the fresh water. How-
ever, solar stills have a place in arid
arid semi-arid zones where solar
energy is in plenty and the water

, available is brackish. The solar still
can be thought of as domestic supply
units. In areas, where brackish wa-
iter, is necessary to be converted in
to fresh water, these units can be
used on the tops of residential build-
ings supplying water to the indivi-
dual houses. Perhaps the cost of the
water obtained by solar still may
not be considered very prohibitive
in areas such as Rajasthan, where, in
summer, the drinking water is trans-
ported from distant places- The cost
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.of the w.ater produced can be reduc-
ed̂  .if the .distilled .water is mixed
^y,ith the brackish-.water in suitable
projwrtiqns to keep ,th.e salt ^concen-
tration within -the limit-

For small towns and villages hay-
ing problem of brackish water, the
use of solar still seems to be advan-
tageous in the absence of any other
gource yQf : potable water ;in .the vici-
:nity. The process has special attrac-
tion because it is simple in .construc-
tion, and easy to maintain .and .has no
.mechanical ;part for we,ar and tear-
Moreover, no energy is required for
its operation. For large .scale plants,
the evaporating trays .can be made
of cement concrete and ,the wooden
frames can be replaced by iron angle
:fi;ames- This will bring down the
.cost of the units and their repairs-
;In the Pilot Plant constructed by the

..Central ,Salt & Marine Chemicals
Research Institute (2) the bottom .of
•the still is made of cement concrete
painted black.
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DISCUSSION

Shri J. M. Dave, Nagpur." With results
of both the .workers it shpizld be possible
to arrive at an economical design of "still"
using prefabricated or plastic material.
1 think there should be ho difficulty in
this matter to give good solution.

.Siri J. * . Jain: The economy of the
solar still using plastic material ,is not
iyet studied in India. In the U.S.A., how-
ever, plastic solar stills have been tried.
But these types of stills are developed for
army purposes for very small yields. The
author .does .not know if the .economy of

..the process using plastic material is stu-
;died even in the U.S.A.

Dr. G. J. Mohanrao : Is there any rela-
tionship between humidity and the yield
of water in a solar still?

Shri J. S. Jain : Yes. Humidity should
.affect .the yield normally. But in the
case of solar still, the system is closed
and therefore the humidity of the atmos-
phere does not come into picture and will
not affect the evaporation or condensation
which are responsible for the yield of
,pure .water.
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Importance of Bacteriological Standards
in Water Supply

R. P. MISHRA, B. K- LONSANE and N. U- RAO
Central Public Health Engineering Research Institute, Nagpur

Introduction

A direct search for the presence of
specific pathogenic bacteria in water
is impracticable for routine control
practices and is, therefore, ruled out.
The detection in water of coliform
organisms and E. coli I in particular
which are constantly present in large
numbers in the faeces of all warm
blooded animals and man, shows
that recent excretal pollution has
occurred- Although by itself this
pollution may not constitute a con-
clusive evidence of danger, it is
sufficient to indicate that the water
is potentially dangerous for con-
sumption.

It is indeed difficult to define pure
water- A water may look clear, free
from dirt, organic matter and odour
but still it may be "Chemically" or
"Bacteriologically" impure or un-
safe- Scientifically, therefore, whole-
some water means water that is che-
mically and bacteriologically pure
besides being aesthetically accept-
able and such waters should always
conform to the prescribed standards-

Both chemical and bacteriological
standards for drinking waters are
recommended by different agencies.
Bacteriological standards provide

more simple and direct criteria for
the maintenance of water quality.
The incidence of enteric diseases in
some of the advanced countries has
bee-n practically eliminated nLainJy
due to the supply of pure waster,
made possible by the use of improv-
ed water treatment procedures. The
waters supplied to the consumers
were regularly checked for their bac-
teriological quality. When they did
not meet the standards, remedial
measures were always taken to see
that the quality improved and the
Water met the required bacteriologi-
cal standards-

Some piped water supplies in
small towns are distributed without
disinfection and in others they are
chlorinated or otherwise disinfected
before distribution. The question
may arise whether the bacteriologi-
cal standards should be different for
chlorinated and unchlorinated piped
water supplies- According to the
European Standards for Drinking
Water (1) there appears to be no
logical reasons for setting up differ-
ent bacteriological standards for
such waters. United States Public
Health Service (2) also does not
prescribe different standards for
treated and untreated waters. How*

155



156 MISHRA ET..AL

ever, Report No. 71 of the Ministry
of Health, England (3) states that
there should be separate standards
for chlorinated and raw piped water
supplies and that the standards must
not be interpreted too rigidly^ <•' On
the other hand no serious departure
from them ought to be viewed with
complacency. Some bacteriologists
are of the view that once a drinking
water supply falls below a certain
standard it is definitely unsatisfac-
tory for drinking whether it is dis-
infected or not. At present the
majority, however, appear to
favour the concept that there should
be separate standards for treated
and untreated drinking water sup-
plies. This is because in some coun-
tries economical and technological
considerations besides other factors
do not permit to have high standards
for treated as well as-untreated wa-
ters (3).

As a routine measure bacteriologi-
cal examination of water meant for
drinking purposes should be made

•1) Standard, plate count

. 2).. The coliforms ,

•'. 3) The E. coli type I (Faecal coli-
forms)

4) The faecal streptococci or en-
terococci-

Standard Plate Count And Raw
Water Classification

^The tests for coliforms, E. coli 1
and faecal streptococci throw light
on the sanitary quality of water
..whereas the plate count indicates the
general nature of water- ' This test
is more important to check the effi-
ciency of treatment processes like
coagulation, sedimentation and fil-
tration. A sudden increase in the
standard plate count is a cause for
suspicion which may be due to
faulty operation processes or an ini-
tially high concentration of bacteria
due to unexpected and heavy pollu-
tion at the source. A high plate count
is indirectly admeasure of the avail-
able organic matter present in wa-
ter- Any water containing organic
matter in appreciable quantities is
harmful for human consumption- As
the standard plate counts do not ne-
cessarily reflect the sanitary quality
of water, none has fixed, standards
based on this- Thresh and Beale (4)
make an interesting comparison of
early bacterial criteria relating the
bacterial count to the quality of wa-
ter- His tabulation of the recom-
mendations of Miquel and Mace is
•shown below:

Designation of Quality Number of Bacteria per ml
after

Miquel Mace

Very pure water
Very good water
Good or Pure water
Passable water
Impure water
Very impure water

0-10
10-100

100-1000
1-000-10,000

10,000-100,000
Over-100,000

0-10
20-100

100-200
200-500
500-1000

Over 1000
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Group Limiting monthly average
coliform density

(MPN/100 ml)

Treatment requirement

I Nil

H Less than 50

III Less than 5000 (20% of samples
should not exceed 5000)

IV More than 20% of samples may
exceed 5000 but not more than

of these samples should ex-
i2<MHH /

No treatment is required

Simple chlorination
valent.

or equi-

Complete treatment with rapid
sand filtration and post-chlori-
n&tion.

Auxiliary -treatment in addition
to complete treatment.

Coliforms And Raw Water
Classification

Based on the coliform density the
raw waters can be classified into 4
groups with respect to their treat-
ment requirements (5).

The above classification of raw wa-
ters is given for general guidance. It
is now known that waters which are
much more polluted than group IV.
are successfully treated in the mo-
dern water treatment plants.

Evolutionary History

The data on which the present
bacteriological standards have evol-
ved were mostly from the United
States and England. Miquel, in, 1881
attempted to classify the potable wa-
ters on the basis of their plate
counts. In 1903, Whipple suggested
the standards based on positive tubes
of B. coli. In 1914, the United States
Treasury Department promulgated
its first standards based on agar plate
count and presenc of E. coli in wa-
ter- The standards were revised by
the United States Public Health Ser-

vice in 1925 in which importance was
placed on the results of a series of
samples rather than on the exami-
nation of a single sample and stand-
ards based on agar counts were omit-
ted. Further, these standards were
revised in 1942 wherein coliforms in
place of E. coli were substituted.
They were further revised in 1946
and 1962 to the present day form-

In England, the first official bacte-
riological standards were prepared
in 1934 jointly by late Dr. Thomas
Carnwath, late Sir Alexander Hous-
ton, representatives from the Lister
Institute of Preventive Medicine, the
London School of Hygiene and Tro-
pical Medicine and the Counties
Public Health Laboratories. These
standards were amended in 1939,
1956 and I960.

The basis and need for the standards

Epidemiological data, genera]
knowledge, experience with the use
of polluted waters and the efficiency
of the modern water treatment
plants are the most important fac-



158 MISHRA ET AL

tors governing the standards. The
need for the bacteriological stand-
ards is mainly (a) to judge the qua-
lity of any water supply with respect
to the transmission of enteric disea-
ses, (b) to provide greatest possible
protection to the consumers against
water borne diseases and (c) to
strive for the improvement in water
quality.

Rationale of bacteriological standards

The presence of pathogenic orga-
nisms in drinking water is some-
times responsible for the outbreak of
diseases. Since the methods of de-
tecting pathogens are time consum-
ing, difficult, complicated and un-
certain, it is not practicable to exa-
mine drinking waters for the patho-
gens. The use of coliforms as the
indicator of faecal pollution is uni-
versally accepted because they are
always present in large numbers in
the faeces of man and animals.
Whenever enteric pathogens are pre-
sent in faeces they arc greatly out-
nurnbcrd by coliforms. The presence
of coliforms in water, therefore, indi-
cates excretal pollution. Hence, the
quality of a drinking water is based
on the coliform density and not on
the number of pathogens. Since
E. coli is exclusively faecal in origin
the standards are more rigid about
their presence in drinking water-

The salient features of the bacte-
riological standards for treated and
untreated drinking waters recom-
mended by the British Ministry of
Health (3) United States Public
Health Service (2), World Health
Organisation (6 & 1), the Indian
Council of Medical Research (7) and
the committee on Public Health En-
gineering Manual and Code of Prac-

tice, Govt. of India (8) are given
in Appendix I.

Results and Observations

In order to find out how far the
waters in and around Nagpur con-
form to the prescribed standards,
samples were collected from Kantian
river, Ambazari and Gorewara lakes,
wells, water treatment plants and
from the distribution system. Alto-
gether 301 water samples were ana-
lysed for coliforms and E. coli I over
a period of one year out of which 123
constituted untreated and 178 treat-
ed samples. Multitube technique as
recommended in Standard Methods
(9) was used for the estimation of
coliforms and E. coli I. The split up
of the samples and the MPN counts
per 100 ml. for coliforms and E. coli I
are presented in the Table I. Arith-
metic and geometric mean counts
and median values are also given for
comparison.

It will be observed from Table
I that among the raw water sour-
ces Kanhan river water was most
polluted showing a geometic mean of
3949 as against 1374 and 38 of wells
and lakes respectively. The geome-
tric mean of E. coli I for river water
is 1263 while those of wells and
lakes are 353 and 9 respectively. The
median values of coliforms in these
sources were always greater than 20.

In case of treated waters the geo-
metric mean values could not be
calculated because of the frequent
zero counts for coliforms and E. coli
I. The arithmetic mean counts for
freshly chlorinated waters and tap
waters at the consumer's end were
114 and 78 respectively, whereas the
E, coli I count was 22 in both. Fresh-.
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APPENDIX—I

SALIENT FEATURES OF THE BACTERI OLOGICAL STANDARDS FOR DRINKIN G WATERS
RECOMMENDED BY DIFFERENT AGENCIES

Agency Treated Water Untreated Water

British Ministry
of Health (3)
(1957)

All chlorinated supplies should yield sam-
ples free from conforms in 100 ml. Even
a count of 1 or 2 organisms per 100 ml
should throw doubt on the efficiency of
treatment.

In case of non-chlorinated piped water
supplies 80% of the samples examined
dbring the year should show less than 1-2
presumptive coliforms per 100 ml.

U.S.P.H.S. (2)
(1946 and
1961)

W.H.O. (6)
(International
Standards).

I.C.M.R. (7)
(1962) and
P.H.E. Ma-
nual and
Code of
Practice (8)
(1962).

W.H.O. (1)
(1961)
(European
Standards)

The standards depend on the number of
standard portions of the sample that show
the presence of coliforms.

When the standard sample volumes con-
sist of 5 equal portions of 10 ml each, not
more than 10% of all such standard sam-
ples should show the presence of the coli-
form group. Similarly when the standard
sample volumes consist of 5 equal por.
tions of 100 ml feach, not more than )6(j%
of all standard samples examined pe»
month should show the presence of the
coliform group.

In 90%, of the samples examined through-
out any year coliform bacteria should not
be detected or the MPN index of coliform
organisms shall be less than 1 and none
of the samples should have the MPN
index of coliforms in excess of 10.

In 90% of samples examined in a monfjh
coliform bacteria should be absent or the
MPN index should be less than 1.0. No
sample should contain an MPN of coli-
form exceeding 10/100 ml. MPN index of
coliform bacteria of 8 to 10/100 ml should
not occur in consecutive samples.

Coliform organism must be absent from
any water entering the distribution sys-
tem. In aggregate results, a limit of
tolerance of the presence of 1 or more
coliform organisms in a 300 ml sample of
water can be permitted in 5% of samples
examined provided that positive result is
not obtained in 2 or more consecutive
samples and that at least 100 samples of
100 ml each, regularly distributed over a
year, are examined.

They do not prescribe a different stand,
ard for untreated water. The standards
prescribed for treated waters are applic-
able.

In 90%, of the samples examined through-
out any year the MPN index of coliforms
should be less than 10 and none of the
sample should show MPN index greater
than 20. Not more than 40% of the num-
ber of coliforms as shown by the MPN
index shall be faecal coliform bacteria.
An MPN index of 15 or more should not
be permited in consecutive samples. If
MF technique is used the arithmetic mean
of the coliform group should be less than
10 per 100 ml and shall not exceed 20
per 100 ml in two consecutive samples or
in more than 10% of the samples.

Throughout any month, none of the sam-
ples should show MPN of coliform in ex-
cess of 10/100 ml. MPN of 20/100 ml may
be permitted occasionally if E. coli I is
absent. For rural water supplies: Because
it is difficult to provide treatment facili-

t ies, means should be adopted to prevent
access of pollution by adopting all sani-
tary measures to ensure its hygienic safe-
ty. The bacteriological standard recom-
mended for the untreated water supplies
may be applied to small rural water sup-
plies.

Same as for treated waters.
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TA$LE I—AVERAGE MEAN S p
COLIFORMS AND E. COLI I

VALUES FOR

Sqyrce No. MPN/100 ml
coliforms

MPN/100 ml
E. coll I

UNTREATED
Kanhan
,riyer

Well

Ambazari
& Gorewara
lakes

TREATED

Freshly
chlorinated

Tap

21

42

60

88

90

A.M.
G.M.

Md.

G.M.
A.M.
Md.

A.M.
G.M.

Md.

A.M.
G.M.
Md.

A.M.
G.M.
Md.

23572
3949
2950

4800
1374

1700

1066
38
26

114

1
78
—.

0

6667
126,3

1850

1925
353
400

170

j>
5

22
—

1

22
—

0

Total 301

A.M.=Arithmetic Mean G-M-= Geometric Mean Md=Median

ly chlorinated and tap waters show-
ed median values of 1 and 0 respect-
ively.

Table II depicts the number of
samples free from coliforms and
E. coli I in untreated and treated wa-
ters.

It can be noticed that not a single
sample from river or well showed
absence of coliform group. In fact
100 per cent of river water samples
showed the presence of ecliforms
and E. coli I. Only 4.76 and 13.33
per cent of well and lake water sam-

ples showed absence of E. coli I res-
pectively. In other words these
sources w.ej;e found to be grossly
polluted- Water from the distribu-
tion system was found to be free
from coliforms and E. coli I in 53.55
and .75.56 per cent of samples exa-
mined-

The data obtained in this study
are analysed in the light of the Inter-
national Standards for Drinking Wa-
ter (6) and presented in Table III
and IV for raw and treated waters
.respectively-
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TABLE II—SAMPLES FREE FROM COLIFORMS AND E. COLI I

Source

Untreated

River

Well

Lake

Total;.

Treated

Freshly Chlori-
nated

Tap

Total

Samples
analysed

21

42

60

123

88

90 ": '

p

178 ^

Free from
No.

0

t

2

2

32

48

80

coliforms

0

0

3.33

1.63

36.4

53.3

44.04

Free from
No.

0

2

8

10

61

68

129

E. coil I

0

4.76

13.33

8.13

69.32

75.56

72.47

TABLE IU—ANALYSIS OF DATA OF RAW WATERS IN TERMS OF
INTERNATIONAL STANDARDS

River
_ • — . . . . .

Wells Lakes

(1) No. of samples analysed

• (2) No. of samples showing coli-
forms less than 10 per 100 ml.

(3) No. of samples showing coli-
forms in the range of 10-20

, . per 100 ml.

' (4) No. of samples showing coli-
v forms greater than 20 per

v 100 ml.

21 42 60

0
(0)

0
(0)

21
(100)

3
(7.1)

0
(0)

39
(92.9)

8
13.3)

14
(23.4)

38
. . . (63.3)

The figures in brackets represent percentages of the samples tested.
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TABLE IV—ANALYSIS OF DATA OF TREATED WATER IN TERMS OF
INTERNATIONAL STANDARDS

(1) No. of samples analysed

(2) No. of samples free from conforms

(3) No. of samples showing coliforms
in the range of 1-10 per 100 ml.

(4) No. of samples showing more than
10 coliforms Efer 100 ml.

' (5) MPN index for coliforms

Immediately after
chlorination

88

32
(36.4)

36
(40.9)

20
(22.7)

Distribution
system

90

48
(53.3)

22
(24.5)

20
(22.2)

The figures in brackets represent percentages of the samples tested.

Discussion and Conclusion

The investigation was spread over
a period of one year to ascertain the
bacteriological quality of raw and
treated waters. According to the
standards recommended by W.H-0.
in the "International Standards for
Drinking Water" (6) for untreated
waters, in 90 per cent of the samples
examined throughout any year, the
MPN index of coliforms should be
less than 10. Not a single sample of
river water showed coliforms less
than 10 per 100 ml- For well and
lake waters only 71 and 13.3 per
cent of the samples (Table III) exa-
mined showed coliform counts less
than 10/100 ml- When all the raw
water samples analysed are consi-
dered together 8-9 per cent had less
than 10 coliforms per 100 ml- Hence.
it is obvious that regular heavy pol-
lution was occurring- Though the
coliforms and E. coli were absent in
1-63 and 8.13 per cent of the raw wa-
ter samples analysed (Table II) the
average MPN of coliform counts in

these waters were very high. It is
clear from the results (Table II)
that the river and well water sam-
ples were always found positive for
coliforms. While 3-3 per cent of lake
water samples were negative for
coliforms, the geometric means of
lake water was 38- This indicates
that all these 3 sources were definite-
ly getting regular faecal pollution.
Taking into consideration the stand-
ards recommended by WHO for
raw/untreated waters to be used for
drinking purposes, it is obvious from
the results that the raw waters ana-
lysed here fall far below the stand-
ards and hence they cannot possibly
the considered for drinking without
any treatment.

According to the International
Standards for treated waters, in 90
per cent of the samples examined
throughout any year, coliforms
should not be detected or MPN index
should be less than 1 and none of the
samples should have the MPN index
of coliforms in excess of 10. The re-
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suits in Table II and IV show that
freshly chlorinated waters and wa-
ters from the distribution system
were free "from coliforms in only 36.4
and 53-3 per cent of the samples .exa-
mined- Water samples collected im-
mediately after chlorination showed
a smaller percentage of negative
samples than those from the distri-
bution system because of very little
contact time involved.

( • ) . : • >

In the light of the above standards
iS^would appear that water at the
consumer's end, though fairly good,
does not conform to the recommend-
ed bacteriological standards. Efforts
should, therefore, be made to impro-
ve upon the existing treatment faci-
lities and also to have a close super-
vision on the network of distribution
system-

Based on monthly averages of coli-
form MPN it was observed that Go-
rewara lake was less polluted than
the Ambazari lake. The monthly
average MPN index of the coliforms
was less than 50 in Gorewara lake
waters for all the months in the year
except June, July, September and
October. From the existing classifi-
cation of raw water sources with res-
pect to their treatment requirements,
simple chlorination for Gorewara
water is not sufficient to make it
potable during these 4 months. The
monthly average coliform index for
Ambazari lake normally exceeded 50
and such a water, according to its
treatment requirements needs com- ;

plete treatment with coagulation,
rapid sand filtration and chlorina-
tion. For Kanhan raw water the
monthly average MPN index of coli-
forms exceeded 5000 in April, May,
June, July and August. Therefore,
this water needs auxiliary treatment

in addition to the regular treatment
now being carried out.

The question may naturally be
asked whether it is possible to attain
the recommended bacteriological
standards for our raw water supplies-
While it may not be feasible to

•'achieve the present bacteriological
standards for our raw or untreated
surface water supplies, efforts can be
made'to protect the water supply

, sources from pollution. Eighty two
per cent of the people in India live
in villages and most of them use raw
water from sources like wells, rivers
and lakes for drinking purposes. Un-
less the overall sanitary conditions
in the country improve, it is very
difficult to improve the quality of
these raw waters- The only solution
under the existing conditions seems

'to be to disinfect the rural water
supplies for improving the water
-quality.

In the case of treated water sup-
plies, however, there should not be
any laxity and all chlorinated piped
water supplies from the distribution
'system must conform to the prescrib-
ed standards. The International
Standards for Drinking Water propo-
ses minimum standards which are
considered to be within the reach of
all countries throughout the world
at the present time- The observa-
tions made here and elsewhere re-
veal that the finished waters from
some of our water treatment plants
'do not conform to the bacteriologi-
cal .-standards. Large amounts of
-public money is spent in designing
?and excuting the construction of wa-
iter treatment plants in many big
cities of our country. Though the
designs of these plants are good, some
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of them fail to achieve the results 3.
because of lack of vigilance on the
part of the operators and improper
checking of the performance of the 4.
unit processes of treatment- In some
of our plants waters having more
than 100,000 MPN of coliforms are
made safe by good vigilance and 5-
effective treatment. Hence, with
proper care it is felt that the per-
formances of the existing water 6-
treatment plants can be improved
and we should be able to attain the
recommended standards for drinking 7-
waters in our country.
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DISCUSSION

Shri A. S. Hariharan, Madras: Out of
38 samples of free chlorinated water, only
32 samples were satisfactory. Were the
samples tested for residual chlorine?

Shri R. P. Mishra : Residual chlorine
was not determined in the samples analy-
sed in this study. Perhaps, it would have
been useful to have measured the residual
chlorine in these samples to correlate the
results with the bacteriological analysis.

G. R. Mir, Kashmir ; Some of our tube
well waters have methane gas. On analy-
sis methane is found to be 70%, CO^ 3%
and Air 27%. Presence of methane makes
such water toxic and unsafe. Inspite of
aeration, methane could not be eliminated
and eventhough MPN is zero we do not
know whether such water is potable? I
would like to know if any standards have
been laid down for gas content and if so,
how much.

Most of our villages are on river banks,
where water is not free from coliform
organisms. Yet, people have not fallen
prey to epidemic gastro.intestinal diseases.
Necessity for fixation of regional stand-
ards is very much vital.

Shri B. P. Mishra: The procedure in-
volved in the estimation of methane is
very difficult one. It can be done only in
the laboratories equipped for this pur-
pose. The percentage of methane in tube
well waters mentioned by Mr. Mir ap-
pears to be excessively high and doubtful.
The analysis results may please be check-
ed by sending duplicate samples to Cen-
tral Fuel Research Institute, Jelgora.
where facilities for estimating methane
are available.

Literature too very scanty about the
permissible limits for dissolved gases in
waters. This is particularly so regarding,
methane in drinking waters,
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It is true that in many of the rural
areas in our country, people have been
consuming water which are not free from
coliforms and they do not also seem to
suffer from gastrointestinal disorders.

Firstly, the presence of coliform orga-
nisms in water only indicates pollution
but does not necessarily prove the pre-
sence of pathogens. Secondly, factors
like individual resistance and the deve-
lopment of active immunity due to expo-
sure to subclinical doses of pathogens also
play a significant role in restricting the
occurrence of enteric water-borne diseases
among the consumers.

Since many of these gastro-intestinal
disorders are of less severity, they are not
often reported. Hence the epidemiologi-
cal data may not give the correct picture
about the incidence of such diseases. This
is very much true in our country. As
such thousands of cases of water borne
diseases are not recorded just because
they do not occur in an epidemic form to
invite public attention. Drinking water
standards cannot be fixed nn regional
basis but may be fixed separately for un-
treated and treated drinking waters.

Shri Vishnu Moorthl Rao, VECE,
Nagpur: it is seen from Mr. Mishra's
experimental results on water supplied by
Nagpur Water Works, that we are con-
suming lot of Coliform group of organ-
isms. It is well known that the enteric
pathogens are mostly associated with this
group. That is why we do not conduct
any separate experiments for their detec-
tion. Moreover by this time we might
have consumed thousands of them in
these two days. Hence, with the permiss-
ion of the Chairman, may I request the
house to resolve and to convey the con-
cerned authorities to protect us from these
pathogenic organisms at least in future.

Shri R. P. Mishra: Jt will not be cor-
rect to assume that the water supply of
Nagpur city is contaminated just because
a few coliforms cculd be detected in sam-
ples collected from certain fixed points in
the distribution system. Tbe mere pre-
sence of these organisms m the water
supply in few numbers does not necessa-
rily indicate the presence of pathogenic
organisms too. We howevar, agree that
immediate investigation and remedial
measures should be taken to avoid re-
currence of positive samples in the dis-
tribution system,

Shri A. G. Lakhanl: What is the resi-
dual chlorine in the sample after a 4
mg/lit. chlorine dose was given.

Table IV shows ihat 40% of the treated
water samples anil 24 of samples from
distribution system in Nagpur City are
contaminated. EHor has also been detect-
ed by CPHERI from samples received
from Nagpur division. So it is necessary
to inform the Corporation to be more
vigilant over the water sunply at Nagpur.

Shri R. P. Mishra: It would be more
correct to say that the treated water
supply of Nagpur city does not always
conform to the bacteriological standards
recommended by WHO in their "Inter-
national Standards for Drinking Water"
than to assume that the water supply of
the city is contaminated. It is interesting
to note that water samples collected only
from a few fixed points in the distribution
system showed the presence of coliforms.
Unfortunately, the sampling points used
do not represent the entire distribution
system of the city.

Whatever be the cause, it is desirable
that the water works authorities should
take more care to see that the treated
waters always conform to the bacteriojo,
gical standards prescribed.
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Disinfection of Water in the Field

M. D. PATIL, S- R. JOSHI and N- U- RAO
Central Public Health Engineering Research Institute, Nagpur.

Introduction

In small communities protection of
Water sources is very difficult, parti-
cularly in case of surface siy?pj$es-
T,his is esfteci^ly. ^r«e in dey^ping
countries Jifrera laws regulatisag pol-
lution neither exist nor are enforced
if they do. Conventional treatment
of these waters is not possible in
small communities because of the
lack of funds and trained personnel-
Hence, the only method of ensuring
the hygienic quality of water is dis-
infection with suitable chemicals-
This is also true for waters available
in the field for both army and civi-
lian camps.

Chlorine has been enjoying the po-
sition of a popular disinfectant from
a very long time. But recently much
interest has been shown in the use
of iodine as its bactericidal activity
is less influenced by pH ammonia
and organic content of water.

While evaluating the antibacterial
efficiency of halogens, Gershenfeld
and Witline (1-4) found iodine to be
better than chlorine over a wide ran-
ge of pH and in presence of organic
matter. Pond and Willand (5) re-
commended the use of two drops of
7 per cent USP tincture iodine to
make a litre of water safe for drink-
ing. Chambers el al. (6) found that

a minimum concentration of 4-3 mg/
lit- of iodine was needed to kill all
the species tested within one minute
under adverse conditions of pH
(9.15) and temperature (2° to 5°C).
Chan&®fa#-> (7) ^PJWttended... 8 to
10 mg4%9f iodiae Jot field disinfec-
tion of ^

The present study was undertaken
to find out the efficiency of chlorine
and iodine for disinfecting small
quantities of water under different
conditions- Though other workers
used pure cultures of bacteria in si-
milar studies, water contaminated
with raw sewage was used in these
experiments, since it is well known
that pure cultures of bacteria res-
pond quite different from those pre-
sent in mixed population under na-
tural conditions-
Experimental Procedure

Water was contaminated by adding
40 ml of domestic sewage to 960 ml of
water to give 4 per cent sewage. This
was taken to be equivalent to the
worst type of waters that a small
community might have to drink in
the absence of conventional treat-
ment-

The sewage used here was obtained
from the influent of the Institute's
sewage treatment plant. The streng-
th of the sewage is not high because

165
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of the 24 hr water supply in the labo-
ratories and the staff quarters. The
water with 4 per cent sewage had a
chlorine demand in the range of 1 to
1-5 mg/lit., free ammonia contents of
02 to 03 mg/lit. and the coliform
count of about 106 per .100 mi-

Disinfection was considered satis-
factory when the coliform count was
reduced to 5 or below per 100 ml.
After thorough mixing, coliforms
were estimated by MPN method us-
ing 5 tubes for each dilution of the
sample. Lactose and BGB broths were
used for presumptive and confirma-
tory tests respectively. Tincture io-
dine 2 per cent (BP) was used as a
source of iodine- Bleaching powder
was used as a source of chlorine. The
disinfectants were added and coli-
forms were estimated as above,, at
different contact periods, after neu-
tralizing the disinfectant with thio-
sulphate-

Sewage was freshly collected for
every experiment from quite a stea-
dy source. Unless mentioned other-
wise, all experiments were carried
out using 4 per cent sewage in the

temperature range of 28° to 31° C
(room temperature). The term wa-
ter whenever used indicates such wa-
ter.

The disinfection experiments were
carried out initially between pH 7
and 8, since most of the waters gene-
rally fall in this pH range. Further
experiments were carried out by
lowering pH to 6 or increasing to 9.
as natural acid or alkaline waters
will not be usually found beyond this
range'. Experiments were also carri-
ed out at 10°C to study the activity
of these disinfectants at lower tem-
perature. These experiments were
done since we find occasions where
disinfection of waters at low tempe-
rature has to be accomplished. This
type of situation occur in hill stations
and for the army stationed at high
altitudes.

Results and Discussion
The results of experiments carried

out to determine a suitable concen-
tration of chlorine and iodine which
may satisfactorily disinfect water
within 20 minutes at pH 8 are presen-
ted in Table I and II.

TABLE I—DISINFECTION OF WATER WITH CHLORINE & IODINE
(Goliform MPN per 100 ml at room temp, and pH 8)

Dose
mg/lit
0.5

1.0

1.5

2.0

4.0

5
min.
2400 +

24004-
2400+
2400 +
2400+
2400 +
2400 +

0
23

CHLORINE

10
min.

2400 +

2400 +
2400 +
2400+
2400+

2400+
130

0
0

20
min.
2400+
2400+
2400+
540
130

49
11

0
0

Dose
mg/lit

1.5

2.0

4.0

6.0

8.0

IODINE

5
min.

2400+
920

920
1600

70
49

17
0

10
min.
2400+

350

920
110

24
79

13
5

20
min.

540

920

350
70

5
170

0
2
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TABLE II—BACTERICIDAL EFFICIENCY OF 4.0 rag/lit. OF CHLORINE AND

8.0 mg/lit. OF IODINE AT pH 8 & ROOM TEMPERATURE

CHLORINE 4 mg/lit

ColDforms MNP per 100

5 min

2

33

33

8

2

5

20 min. 30
0

2

0

0

0

0

ml

min.
0

2

0

0

0

t

IODINE 8 mg/lit

C«**orm MPN per 100

5 min.
2

7

2

46

7

17

20 min. 30
0

0

0

0

2

8

ml

min.
0

0

0

0

0

0

From Table I it will be observed
that 0-5, 10, 1.5 and 2-0 mg/lit of
chlorine and 1-5, 2̂  4 and 6 mg/lit. of
iodine are not adequate concentra-
tions for this purpose. From this
table it can also be noted that a con-
centration of 4.0 mg/lit. of chlorine
and 80 mg/lit. of iodine achieve satis-
factory disinfection of water within
20 min- Additional experiments were
carried out to verify the activity of
chlorine and iodine at 4 and 8 mg/lit.
respectively at 20 min. contact period
and the results are recorded in table
II- Hence these concentrations of the
disinfectants were used to study the
effect of changes in pH, temperature
and the ammonia content.

Effect of pH, Temperature
and Ammonia

Experiments were carried out at
pH 6 and 9 to test the activities of
these disinfectants. Results are pre-
sented in table III. It can be noted
from the results that the bactericidal
activity of chlorine and iodine at the
concentrations used, was not much
influenced by pH. A contact period

6tf 20 minutes was sufficient for. sa-
tisfactory disinfection of water.

The effect of pH was not observed
probably because these concentra-
tions are above the threshold concen-
trations needed for the disinfection
of 4 per cent sewage. Hence, lower
concentrations of chlorine and iodine
were tried.

Table IV shows that the activity of
chlorine of 1, 1.5 and 2 mg/lit. is sig-
nificantly affected by change in pH
from 6 to 8. With iodine of 1.5, 2, 4
and 6 mg/lit. this effect of pH was
not observed. The activity of iodine
seems to be same at pH 6 and 8. To
study the effect of temperature on
the activity of 4 mg/lit- of chlorine
and 8 mg/lit. of iodine, experiments
were carried out at 10°C, at pH 8 and
9. From the results reported in
table V it can be observed that the
activities of these disinfectants at
the concentrations tested are not
affected except in the case of chlori-
ne of 4 mg/lit. and at pH 9.0- Its acti-
vity seems to be lowered at 10° C.
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TABLE HI—EFFECT OF pH ON THE ACTIVITY OF 4 mg/lit CHLORINE AND
3 ms/lit. IODINE AT pH G & 9

(Boom temperature)

CHLORINE IODINE

Coliform MPN per 100 ml

pH 6 pH 9

Coliform MPN per lOo ml

pH 6 pH 9

5
min..

2

33

22 ,

0

5

8
4

28

10
min.

2

33

8

0

2

0
0

0

20
min.

0

2

0

0

0

0
0

0

5
min.

2

70

22

11

8

0

33

2

10
min.

2

22

2

0

8

0
4

2

20
min.

0

5
2

0

0

0

2

0

5
min.

2

33

46

0

8

33

6

2

10
min.

2

7

46

0

0

8

12

2

20
min.

0

0

0

0

2

0

2

0

5
min.

5

5

130

11

13

33

23

0

10
min.

5

17

130

5

14

33

8

0

20
min.

0

2

2

0

0

2

5

0

TABLE IV—EFFECT OF pH ON LOWER CONCENTRATIONS OF CHLORINE &
IODINE

(The numbers refer to coliform MPN/100 ml of water)
(Room Temperature)

Dose
mg/lit

0.5

1.0

1.5

2.0

1.5
2.0

4.0

6.0

PH

5 min.

2400 +

2400 +

2400 +

2400 +

2400 +

2400 +

920

920
280

170
540

95

180

6

10 min.

2400 +

2400+

2400+

2400+

540

17

11

2400+
210

920

79

95

110

20 min.

CHLORINE
2400+
1600

130

5

22

13

8

IODINE
280
540

920
21

47

14

5 min.

2400 +

2400+

2400+

2400 +

2400 +

2400 +

2400 +

2400 +
920

920
1600

70

49

pH 8

10 min.

2400 +

2400 +

2400 +

2400 +

2400 +

2400+

130

2400 +
350

920
110

24

79

20 min.

2400 +

2400+

2400+

540

130

49
11

540
920

350
70

5

170
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TABLE V—EFFECT OF TEMPERATURE ON THE ACTIVITY OF 4.0 mg/Iit
OF CHLORINE AND 8.0 m*7Ut of IODINE

• <s.r - • • '

Time in
miri

5

10
2n

30

5

10

20

3,6

0

0

0

—

M
0

0

0

CHLORINE

Room Temp.

23

0

0

—

5

0

0

0

5

2

0

0

130

7©

33

5

10°

920

5

0

e

34
17
. 7 - i

5

C

pH 8

120
33

•

0

pH 9

17

13

0

0

23.,
8

' • ' 8 <

2

Room

0

5
2

0

130

13

8

0

IODINE

Temp.

7
—

0

0

2

0

0

0
f i

2

0

0

0

49
8
5

0

10°C

10
2

0
0

49

8

2

2

5
2

0

0

5

2
0
0

Sewage may contain 15 to 50 mg/,
lit. of ammonia. When water is pollu-
ted with sewage, ammonia will also
be present. Hence the effect of 1
and 2 mg/lit. of ammonia on the acti-
vity of 4 mg/lit. chlorine and 8 mg/
lit. of iodine was investigated.

Ammonia in these concentrations
(Table VI) significantly influenced
the activity of 4 mg/lit. of chlorine
within 5 minutes. But longer ooft-
tact period of 20 minutes showed no
difference in the bactericidal activi-
ty from the control. Ammonia did
not affect the activity of iodine even
in 5 minutes contact period. When
considerable quantities of ammonia
are present in contaminated waters^
larger quantities of these disinfec-
tants have to be used for satisfactory
disinfection-
Experiments with Halazone

Halazone (p-Carboxy benzene sul-
phon dichloroamide) is used by the
Indian Army for disinfection of indi-

vidual water supply. The compound
is dispensed in the form of tablets
known as "Sterilizing" tablets. Each
tablet weighs 3 grains (0-2 grams)
and consists of a mixture of halazone
7-5 per cent, sodium carbonate anhy-
drous 10-5 per cent and sodium chlo-
ride 82 per cent. Thus each tablet
contains 15 mg of halazone. One ste-
riMzing tablet is added to a quart
(113,6 ml) of water and the water is
consumed only after 30 minutes con-
tact period- Halazone tablets con-
taining 4 mg each of halazone were
used in our studies. Four such tab-
lets were added to a litre of 4 per
cent sewage.

From the results reported in table
VII, it can be observed that a contact
period of 20 minutes was required for
satisfactory disinfection of vater at
pH 8 and room temperature. Expe-
riments carried out at pH 9 showed
that this concentration could not sa-
tisfactorily disinfect water even with
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TABLE VI—EFFECT OF, 1 A$Df ' jt'tfngfet,OF^AMMONIA, ON 4 mg/lit OF
CHLORINE 8 mg/lit OF IODINE AND 16 mg/lit"of HALAZONE

• . (Numbers refer to colifonn MPN^perjlOO ,ml)

(Room temperature)
( • ' . i.

i". 5 l iJ

1 min. !
( i ; •

(• 1:

220

'66 '"•

n ,i

(t •

33

8

; . , - • •

! : 5' \:

(•. 0

Control

lfl
min.

[•

(i

240

13

5

0.. .

5

20
min.

5

:' 5
I

i -

11

7

5

,'2

1 mg/lit lAjnmonia

5 l lSio "''' ' 20 l

min; l:rnin. l min. '
!. i: a r

i' CHL#RINEo(4 mg/lit) n

2400+ C

2400+

; IODINE

17

5

- •HALA3QN1

0 '\

• ; • : _ t o . ' ; , :

fl<;350 10

33 "• 4"^
\ i if;

(8 mg/13) ::::

8 '; 2 '

34 2

s (\l;«r.mgyiU). . •
• i I ! ' I

" 0 0

i 0- 5 •

2 mg/lit

5
min.

i

2400 +

' 2400 +

110

26

4

0 ,.

Ammonia

10
min.

240

no

13

7

0

. -5

20
min.

2

5

0

0

0

TABLE ;VII~EFPECT OF pH AND TEMPERATURE ON THE ACTTVrrY OF
• . • . 16 mg/lit of HALA^bNE . ' ' P

(Numbers refer toVcoUft»rm MPN/lOOnnl)
OJi j

5 't0 ' 20
min. min. min

•?:2400+-: >. . . 30- ': . 2

J ^600 ' •'' ' 95 ° ! ' 5 '
1 • • ; •• . ' • . ' ' . i •

• i '. I.'J

• 2400+ , 2400+' 33

•J-24Q0+ I 920,,: , 5

30

• ; . . t • • • • , : . ; • .

Ropm Temperature

' • ' ••'•' i s , , - ; • • • ' • • ; p H 9 • . : • '

'••'•'<• 5 . ; - • • 1 0 ' ' • 2 0 3 0

1 '••''niin.' min; min. min. '

0 ••'•' ' 2400+ 110 0 0

0 . • \ , i .2400+. . 240 .110' , . 9 ,

il0°C

0' ' '• 2400+ 2400+ 2400+ 2400 +

0 , . , ,,,i,2400+ 2400+ 2400+ 2400 +
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30 minutes contact period at room
temperature. Teists carried out at
10°C, at pH 8 and 9 to test the acti-
vity of halazone at lower temperature
indicate that at a 30 minutes contact
period, disinfection was complete at
pH 8 while at pH 9 it was not- •'<»!«'..

• Jj^cperiments carried pu>t with..the
addition of 1 and 2 mg/li t of amm©r
niS*t&>water showed that the•foa**e¥i>
cici^c'tivity of halazone i&'j&'t

^ a r n m w i a ' * ' * ' 1*^' ? '

4
chlorine, ic^jpe , a p
studied. Tafai«g i5 or iass f
coniform as indicative1 of sartisfa<eictfy
disinfection, 4 mg/lit. of : 'chlo'ri&e';
8 mg/lit. of iodine and 16
halazone were found adequate
infect these waters at room tempera-
ture and at pH 7 and 8 with a 20 mi-
nute contact period.

Chlorine in concentrations .of 0-5,
1.0; 1.5 and 2 mg/lit. was not suitable
for satisfactory disinfection of water
within 20 minutes at room tenipepa-
ture and pH 8- A higher 1cdric'«itfa-
tion of 4.0 mg/lit. of chlorine, ^ a s
fa&nd suitable for this purpose. Tliis
concentration was found to be satis-
factory only after 30 minutes contact
period at a higher pH of 9 and a lo-
wer temperature of 10°C. 1.5, 2. 4, and
6 mg/lit- of iodine were not able to
achieve satisfactory disinfection of
water with 20 minutes contact period
at pH 8 and room temprature- A con-
centration of 8 mg/lit. was found sa-
tisfactory for this purpose. This con-
centration was also found to satis-
factorily disinfect water at pH 9 and
at 10°C, with a contact period of 3Q
minutes instead of 20 minutes.

'Halazbne in a concentration of 16
mg/ i i f a f pH 8 and room and 10cC
te&npferatote could satisfactorily dis-
infect t!water with 20 minutes and 30
minutes contact period respectively-
At pH 9, and room and 10°C tempera-
»ttit<e; even a contact period of 30 mi-
nutes could not satisfactorily disinfect

activity of chlorine
to be affected by chan^e

-while, that of iodine was.,no,t-
This was observed wtai&n lo-Ov

•rft
Df .i»gyfttt. ohlonipe

disinfect water within 20 minutes a
concentration of 8.0 mg/lit. of. iodine
and 16 mg/lit. of halazone were need-
ed for this purpose.

40 mg/lit. of chlorine and 8 mg/lit.
of iodine with a 30 minute contact
period are found to be satisfactory
f©r»disinleetion of water in the field-
Stoee we>eome across waters of dif-
ferent hydrogen ion Concentrations,
MVftag'vacying1 amounts of nrtragen-
d\ils1'rnat;ter, iWdifie is recommended
for disinfection, as its action is least
influenced by changes jn pH and
amrnortia content in water.
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DISCUSSION

Dr. A. S. Harlharan: The coliform den-
sity of 4% sewage, the study material, is
more than 5,000 and hence complete treat-
ment is necessary. Then why was mere
chlorination or addition of Ia tried ? Was
there-any taste or colour resulting from
addition of 8 mg/lit. Iodine.

Shri ML D. Patil: The experiments
were carried out to find out the concen-
trations of disinfectants to be used in the
field. Thus for Campers, travellers, or
soldiers, it will not be possible to charac-
terise the water. The most convenient
way in the field for making water satis-
factory for drinking, will be to disinfect
it straight way.

Shri T. Durairaj: What is the effect
of 4 mg/lit. Cl3 on pathogens ether
than bacterial ?

Shri M. D. Patil: The study was limi-
ted to bacterial pathogens only.

Shri T. Durairaj ; It is not clear why
the values for chlorine demand were
not taken into account while fixing 4 mg7
lit. dose of chlorine, a dose which is pretty
high for rural water supplies.

Shri M. D. Patil: The object of the
study was to find out an initial dose of the
disinfectant that will serve in the field
where facilities for chlorine estimation
are not available. Four per cent sewage
was taken as the worst type of water
which may be encountered and may have
to be drunk in the field.

Shri B. K. Lonsane: How will you use
iodine in the field or in the rural areas?
On what basis have you considered the
water containing 5 coliforms per 100 ml as
properly disinfected water or as a safe
water since 90% of the samples of drink-
ing water should be free from coliforms
or MPN index should be Jess than the
I.S. for drinking water?

' Shri M. D. Patil: Iodine in the field
can be used in the form of liquid, and
can be carried in a bottle. 0.5 ml of 1.6%
liquid Iodine will give 8 mg of elemental
Iodine. Ofcourse some convenient dispen-
ser has to be developed. Iodine can also
be dispensed in tablet form. These tablets
when dissolved liberate elemental iodine.
In-their studies on Iodine as disinfectant
for drinking water, Chang, S. L. & Morris,
3. C. used this criterion of 5 or less num-
ber of viable bacteria per 100 ml for satis-
factory disinfection of water in the field.
We also find that this criterion is practi-
cal and satisfactory for field use.

Shri D. Seethapathi Rao: I would like
to know from the authors, whether Chlo-
rination and Iodinatio!! experiments were
carried out with varying organic matter
content in water, as this influences the
doses of disinfectants.

M. D. Patil: Sewage which was
added to the water had been the source of
organic matter in the experiments. Since
the concentration of sewage is not cons-
tant and varies day to day; organic matter
in the experiments also varied. This is
reflected by chlorine demand of water
which varied in the range 1 to 1.5 mg/lit.

Shri V. C. Khasnis: The samples were
prepared by adding 4% sewage. It is
likely that even virus may also be present
in the samples apart from B. Coli It is
stated that a dose of 4 mg/lit. of chlorine
and 8 mg/lit. of Iodine was found suffici-
ent to reduce the B. Coli count to less than
5 with 20 minutes contact periods. But
have any experiments been carried out to
see whether this dose is sufficient to eli-
minate viral infections ?

Shri M. D. Patil:
not been studied.

Viral elimination has
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Potable Water for Villages

M. R. THAKKAR*

Food, water and air are most essen-
tial things for human life. Food un-
der-goes', many treatments before be-
ing ommmed by human beings. Wa-
ter hardly undergoes any treatment
after b#ng delivered from tap. There
are .536,000 villages in our 4««»t-ry«
and more than 80 per cent 'of popula-
tion is living in villages. In ouV coun-
try most of the public health pro-
blems are associated with lack of safe
water supply and sanitary waste dis-
posal- Statistics shows light on the
facts that 2 million lives are lost and
50 million persons are partially inca-
pacitated annually due to water filth
borne diseases in our country. This
partial incapacitation is causing a
loss of agricultural production. This
is mainly due to the fact that villa-
gers have to drink the polluted
water charged with bacterial infec-
tion. We can get rid of this situation
only if we are able to evolve a me-
thod or a process by which water sup-
ply can be chlorinated.

The role of unfiltered water sup-
ply in the spread of diseases is well
known. Results of laboratory experi-
ment showed that a does of chlorine
sufficient to leave a residual of 0.5
mg/lit at the end of 10 min. contact

is adequate to destroy cholera vibrios
added to unfiltered samples-

Chlorination procedure is effective
in preventing the entry of all vibrios
including cholera vibrio Chjorina-
t$H .alsfii brings abjaajt mot © .iffcp. 99
pet cent reduction in the MPN o$ coli-
form organisms in the water supply
thereby leading to marked improve-
ment in overall bacteriological quali-
ty of water.

The village water supplied cannot
afford costly chlorinating equipment
like Patterson chloronome. In some
of the villages matka method is em-
ployed- In this process, bleaching
powder solution is prepared and a
porous earthen pot which is common-
ly used for storing water for domes-
tic purposes is taken. This pot is
known as matka. The matka used
for this purpose may be made porous-
The bleaching powder solution is
placed on the surface of the water> in
the well- The bleaching powder so-
lution slowly diffuses through the
pores of matka. After a certain pe-
riod of time, the bleaching powder
solution is exhausted and the whole
process is repeated. This method is
quite good for open wells but for

Lecturer, Faculty of Technology &• Engineering M. S. University of Baroda,
Baroda
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villages where water is pumped in
service reservoirs, this may not be
suitable.

Automatic Chlorinating Unit

An automatic water chlorinating
unit employing the principle of ven-
turi ?s thought of. This unit is a
chemical fender and will feed water
soluble chemicals. The bleaching
powder is therefore proposed to give
the necessary chlorination dose- It is
designed for automatic introduction
of chlorine uuo the flow of water.

The dose of chlorination can be adjus-
ted by changing the concentration of
bleaching powder solution rn the
container. The sketch details the
main feature Q? the automatic chlori-
nating unit.

In will be seen that if

x = delivery of the pump

ax = the discharge through the
-polythelene tubing

abx = flow of the bleaching pov;
der solution in the Tieck

67MM-

TMROAT;

2
2
vn

Pi
TUBING'

CO

o

VENTURY
BLOCK

.HANDLE

AUTOMATIC CHLORINATING 'UNIT

fkc
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-M/TOM*nC CHUMMATINC.UNIT.

Fig. 2

A»C- &TARTCR
UNIT SWITCH

PRESSURE

' /v

DEEP JilfELL TURBINE :

CHLORINATE^
4 WATER

WATER MAIN
' SHAFT

DEEP WELL TURBINE OR SUBMERGED PUMP BOOSTER
PUMP AND OVB*HEAD STORAGE TANK

Fig. 3
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abcx = Chlorine dose to x gallons
of delivery where c is the
concentration of chlorine in
the solution in the container
which can be controlled- By
adjusting the concentration
of the bleaching powder in
the feed solution the neces-
sary dose of chlorination say
0-5 mg/lit can be maintained.

Chlorine Test Set

By mg/lit. of free chlorine can be
easily found out using Bhaskarans
equipment. The test carried out in-
dicate that for getting 0.1 to 0.2 mg/
lit. of free chlorine in water about
500 gm of bleaching powder (35 %)
is required to be mixed with 17 lit.

also available at the rate of Rs 3C
per rft.

Such unit can easily be fitted to the
village water supplies by providing a
balancing tank and a booster pump-
It is suggested that the chlorinating
equipment can be fitted to the deli-
very pipe of the tubewell pumping
installations by the provision of a
booster pumping arrangement as in-
dicated in the sketch below-

Such unit can be manufactured
even in a workshop like that attach-
ed to the Engineering Colleges- We
as such visualise no difficulty in
having mass production of such unit
by industrial adventurer at an eco-
nomical cost

of water. The proportion of bleach- Acknowledgement
ing powder and the concentration of
chlorine liquid can easily be adjusted
according to the flow of water.

The unit is manufactured from
acrylic plastic sheets. Such sheets
are available at rate of about Ks. 150/-
sq ft- in the Bombay market and
round rods of about 2-5 cm diam. is

The author expresses his due
thanks to Prof. C. H. Khadilkar Pro-
fessor of Public Health Engineering
and Shri R. L. Gandhi, Lecturer in
Civil Engineering, Faculty of Techno-
logy and Engineering. M- S- Univer-
sity of Baroda; Baroda, for their va-
luable guidance

DISCUSSION

Shri J. M. Dave: The device is already
available in this country in more refined
form with a rotameter and stainless steel
needle valve at Rs. 800 per piece.

The air leakage into the suction by im-
proper operation will stop pump func-
tioning and the better way to prevent it
is to put the chlorine delivery in a basket
along wih suction foot valve so that( if air
is sucked in, it will escape to atmosphere
without interfering with pump performan-
ce.

Shri M. R. Thakkar: This is an attempt
to manufacture a simpler type of chlori-
nator locally. The cost is going to be less.

There may be defects but then these de-
fects are to be overcome by some modifi-
cation.

Prof. Khadilkar: The automatic chlo,
rination can be manufactured by local
technician. I support that the Public
Health Engineering Research Institute
should takp steps to make it available at
an economical cost to parties or organiza-
tions responsible for supplying safe water
to the public.

Shri M R. Thakkar: It has been ma-
nufactured locally and it is going to be
cheaper one than available in market. I
fully agre* to your proposal.
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Cement Joint for Cast-Iron Water Pipe

V. RAGHU*

Introduction

In any developing country, the de-
mand of raw materials for industry
and construction generally outstrips
the production, and this has to be
maiite good by importation, utilizing
ther£oreign exchange. In Indi*;ton ac-
count of the progressively .ambitious
plans and difficult foreign exchange
position, this imbalance between de-
mand and production has become all
the more critical. Under such coii&i-
tions the economical use of the mate-
rials and the substitute or alternate
materials cannot be over-emphasized.

One of these materials is the use
of lead for jointing bell and spigot
water pipes. This practice is in use
for more than a century and the me-
thod remains practically unchanged
to this day in this country.

With increasing restrictions on for-
eign exchange, the procurement of
imported lead has almost come to a
standstill. With the stringent control
on non-ferrous metals under the pre-
sent emergency, it is almost impossi-
ble to secure any quantity of lead for
the water supply schemes that are in
progress and for the Herculian task
of providing safe and portable water
supply for all the communities in the

country in the near future under the
five year plans.

With the added importance to wa-
ter supply schemes in the fourth five
year plan, the allocation being Rs. 376
crores, the problem^ of substitute or
alienate material-,^ lgad as joining
material in water supply lines pj&es
a cHallenge.

Requirement of Material

The beli-and-spigot joint, using
lead as the jointing material, is most
commonly used. The quantity of
lead required per joint varies from
4.5 lbs for 3 inch diameter pipe to
71.50 lbs for 36 in. diam. pipe and
this on an average works out to 1100
lbs per in. diam. per mile length. At
the present rate of Rs. 1600 per Metric
tonne, it amounts to nearly Rs. 800/-.

As hundreds of communities
(Table-I) are to be supplied with po-
table water through thousands of
miles of distribution pipes especial-
ly 3" to 18" diameter, the cost of this
imported lead works out to some tens
of crores. This is really a staggering
figure which in the present foreign
exchange critical stage of the coun-
try the water supply schemes can
hardly expect to secure even a per-
centage of this amount.

Present Address: Public Health Engineer, CPHEO, DGHS, Ministry of Health.
New Delhi
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TABLE I

Population
No. of towns/

villages as per census

1951 1961

Less than 50Q

501— 1,000

1,001— 2,000

2,001— 5,000

5,001— 10,000

10,001— 20,000

20,001— 50,000

,50,001—1,00,000

1,00,001 and over

3,80,019

1,04,268

51,769

20,508

3,101

.856

401

. 'I*? .
?3

3,51,650

1,19,086

65,377

26,565

4,268

518

139

107

Therefore, focussing attention of
:the Public Health Engineers to this
important aspect in the community
water supply, an alternative or subs-
titute material, viz., cement, which
has been tried and standardised in
other countries is suggested here.

Joint Materials

Desirable features in joint materials
include elasticity, strength, durabili-
ty, adhesiveness, workability, avai-
lability and economy. Materials used
for joints in water pipes include lead,
cement, rubber (1), sulphur com-
pounds (2), Lead wool (3), Metalium
(4). Leadite (5), Hydrolite (5) Te-
gul (6), Sinterite (7), Tyton (8), All-
Tite (8), Bell-Tite (8), Fastite (8)
and others.

Of these several jointing materials,
cement is probably the best alter-
nate material so far as this country
is concerned the others being pro-
prietary materials which have to be
imported except the Tyton joint. The
Tyton joint, which involves the ma-

nufacture of Spun C. I. Pipes and fit-
tings with a modified socket design
and the use of a special rubber gas-
,ket to effect the joint is now manu-
factured in India by the Indian Iron
& Steel Co. Ltd. and it offers the ad-
vantage of the savings in the price of
lead to make the joint.

Cast iron bell and spigot pipe of
-all size9 offers a greatest and obvious
use for cement joints. Any joint that
is designed for calking, however, can
-be made tight with cement. Cement
has long been used as a substitute
for lead in pipe joints in other coun-
tries. It is cheap and easy to make;
moreover, it is permanent, probably
as permanent as the pipe itself, and
capable of. withstanding excessive
shock (9).

History
Portland cement was first used for

joints in. cast iron water pipe bet-
ween 1879 and 1889 in Redlands and
San Jose, Calif., and has since been
adopted in cities throughout the TJni-

\
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ted States. Los Angeles which began
to employ such joints in 1894 has
more than 4000 miles of cast-iron
water pipe calked with cement by
1949 (10).

From 1917 to 1929 cement was used
in all cast-iron pipeline constructions
in San Francisco. In 1929 and for the
n«xt two or three years, cement sul-
phur joints were employed in- an ef-
fort to reduce costs. No savings were
Effected but instead several pipes
ware destroyed fey what was evident-
ly an expansion of the joint aaafeeEiai.
'Consequently, cement was again
adopted and has been the stsiraai'd*
joint material there since thart time
(11). Wertz, C. F. (12) reports ifcat
from 1932 to 1942 practically all joints
were made with cement in Miami,
Fla-, and Table II shows the diameter
and length of pipes to which the ce-
ment joint was used there.

TABLE II—CEMENT JOINT MAINS IN
MIAMI

Pipe size
inches

4

6
8

10

12

16

18

20

24

30

30

48

Cement Joint Mains
feet

36,144

1,55,792
84,191
14,663
24,0T>0

13,178

280
18,772

10,641

10,932

30,470

174

In India (13) the Chief Engineer,
Public Health, Madras has suggested
the desirability of using cement mor-
tar in the place of lead in view of the

experience reported in the USA in
this behalf. The Public Health En-
gineering Department, Mysore State
reports that an eld 16 inches cast
iron pipeline with cement joints has
stood satisfactorily against pressures
upto 300 ft for the past three decades
and more. It is also reported that
they have adopted cement mortar
joints for cast iron pipelines in their
schemes during the past six months,
in all1 cases where the working pres-
sure does not exceed IW. A similar
practice was in fact in vogue in the
oftC "Mysore State and it is reported
fnW'fhe results have been SErtisfSfe-
tofy.

Procedure for Making Cement Joint

The spigot end is put into the bell
just the same as for a lead joint, tak-
ing care to align so that the calking
space is concentric. The joint is
then yarned. American Water Works
Association specification (14) recom-
mends that the yarning or packing in
the case of cement joint may be omit-
ted at the discretion of the Engineer.
It also excludes the use of hemp, jute
and braided cotton as yarning mate-
rial on the basis of disinfection. It
suggests (i) moulded or tubular rub-
ber rings; (ii) asbestos rope; or (iii)
treated paper rope as the suitable
packing materials. In order to elimi-
nate possible contamination caused'
by jute and also offensive odours and
tastes, Alexander and Ebaugh (20)
used cement alone in their cast iron
lines with success, the leakage being
zero and the construction crew hav-
ing little difficulty in carrying out
the work.

Cement (14)

All cement shall be of an approved
brand acceptable to the Engineer and.
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shall comply with the current speci-
fications of the American Society of
Testing Materials.

Proportions of Cement and Water

One quart of cement shall be tho-
roughly mixed with about 1/4 pint of
water. The mixture shall be such
that when it is tightly compressed
by hand into a ball and the ball is
broken into pieces, the break shall be
clean (It is wet enough to mold but
still dry enough to crumble when
dropped a distance of 12 inches). If
the hand is waterstained, the mix-
ture is too wet. If there is evidence
of crumbling in the break the mix-
ture is too dry. The cement mixture
shall ring with a metallic sound while
being calked.

Cause for Rejection

No cement shall be used after hav-
ing been wet more than one hour or
after its initial set.

Calking Cement Joints

Starting at the bottom, the joint
space shall be filled with the cement
mixture and the mixture calked. The
remaining joint space shall then be
refilled and calked until the joint is
practically flush with the face of the
bell. The mixture shall be thorough-
ly compacted to make a water-tight
joint without overstraining the bell. }

Trench Water and Initial Set

No water shall be allowed to touch
the joint until the initial set has
taken place.

Joints kept Moist Until Set

Cement joints shall be covered im-
mediately with damp burlap, or other
material approved by the engineer,
for the proper time to insure com-

plete hydration. In cold weather,
care shall be taken to prevent freez-
ing of the cement mixture before and
after the joint is made.

Time Interval Before Filling Pipe

Pipe laid with cement joints shall
not be filled with water until lapse
of twelve hours after the last joint
in any valved section has been made,
and pipes shall not be subjected to
hydrostatic pressure and inspected
and tested for leakage until at least
36 hours have elapsed after the main
was filled with water.

Leakage Through Joint
Many say that very few joints weep

a little when just put under pres-
sure, but stops usually within 48
hours. If a cement joint leaks enou-
gh to make a stream, instead of drip-
ping, it probably will not stop. In
such cases it can be repaired, by
chipping the leaky portion of the
joint alone and calking in lead wool
(11) (15).

The leakage test shall be carried
out for nearly two hours. The test
section will not be accepted until
the leakage is less than the number
of gallons per hour as determined' by
the formula (14) :

N D \/~P
1,850

(2220 for
Imperial gallon)

in which L equals the allowable lea-
kage, in gallons per hour;

N is the number of joints in the
length of pipeline tested;

D is the nominal diameter of the
pipe in inches; and

P is the average test pressure du-
ring the leakage test, in pounds,
per square inch.

\
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(The allowable leakage according
to the formula is equivalent to 70 US
gallons per 24 hours per mile of pipe
per inch nominal diameter, for pipe
in 12 ft lengths evaluated on a pres-
sure basis of 150 psi).

The allowable leakage at various
pressures for pipe of various diame-
ters is shown in Table III (14).

Cost of Cement Joint

Cement joints are by far the chea-
pest to make. Labour and material
costs were both less than for poured
joints. In 1932 (16) a cement joint
could be made for.^/^°pf the,cost of
a lead joint. In-f9<£9,. thai relation
is approximately one to seveji. Table
IV presents a rough estimate of the
costs of cement and lead joints.

Discussion

Cement joints in bell-and-spigot
pipe, either of cast iron or steel,
have proved their practicability and
economy in hundreds of miles of
mains laid in United States in the
last several decades. It has been
found entirely satisfactory as a
jointing material. In fact, cement
joints are stated to have withstood
settlement, vibration and shock bet-
ter than lead joints (9) (11) (17).
Pipelines with cement joints can be
lowered to a reasonable degree with-
out any trouble in the joints. If a
leaky spot does appear in a joint; it
can be repaired by chipping it out
and calking in lead wool. One lead
joint may be poured at every gate
valve, at every five hydrant lateral
and, at intervals of about 300 to 500
ft in a long line without valves and
fittings (14) (18). Regarding the
damage of the joint by the thermal
contraction due to cold temperature

(10) (11) (16), the opinions are
evenly divided. Moreover, as the
pipe must be laid deep enough to
prevent freezing where very cold
climate exists, no temperature trou-
bles should arise. One indirect ad-
vantage of cement joint is that they
act as insulating joints. This cha-
racteristic has the effect of breaking
the line into short sections each of
which may have an opportunity to
collect and discharge the stray cur-
rents (15) (16) and prevent rusting

If lead alone were used; for the
water supply work shfcwn Aa fehe
Table V as joining ̂ material, i^|vo$d
have required approximately 50,800
lbs of this material in place of ce-
ment. This represents a considerable
saving in money, not to mehtion the
fact that cement makes an efficient
joint.

A majority make cement joints
without any yarn or other packing,
using cement straight (20). The
purpose of the packing seems to be
primarily to centre and steady the
spigot in the bell. This can very
well be accomplished with wedging
chisels or cement blocks. Alabama
Pipe Company (21) suggests that
joints of pipe 8-inches in diameter
or longer should be firmly spaced
with three lead sludges, about 1£"
long, one inch wide and a thickness
triffle thinner than the joint space.
Joints on 4 inch and 6 inch diameter
pipe may be temporarily spaced with
chisels. The- yarn or packing mate-
rial is used where there is consider-
able deflection in the line, so as to
prevent cement from going around
the spigot into the pipe. Laurence
E. Goit (16) reports that out of the
23 small communities and large



Avg. test

pressure.
psi

150
145
i-«o
135
130
125
120
115
110
105

no
95
90
85
80
75
70
65
60
55
50
45

2

1.33
1.30
1.28
1.26
1.25
1.21
1.18
1.16
1.13
1.11
1.08
1.05
1.02
0.99
0.96
0.93
0.90
0.87
0.83
0.80
0.76
0.72

TABLE in—ALLOWABLE

3

1.99
1.95
1.92
1.88
1.85
1.81
1.78
1,74
1.70
1.66
1.62
1.58
1.54
1.50
1.45
1.40
1.36
1.31
1.26
1.20
1.15
1.09

4

2.65
2.60
2.56
2.51
2.47
2.42
2.37
2.32
2.27
2.22
2.16
2.11
2.05
1.99
1.93
1.87
i.81
1.74
1.67
1.60
1.53
1.45

6

3.97
3.91
3.84
3.77
3.70
3.63
3.55
3.48
3.40
3.32
3.24
3.16
3.08
2.99
2.90
2.81
2.71
2.61
2.51
2.41
2.29
2.18

8

5.30
5,21
5.12
5.02
4.93
4.84
4.7*
4.64
4.54
4.43
4.32
4,22
4.10
3.99
3.87
3.75
3.62
3,49
3.35
3.21
3.06
2.90

10

6.62
6.51
6.40
6.28
6.16
6.04
5.92
5.80
5.67
5.54
5.41
5.27
5.19
4.98
4.84
4.68
4.52
4.36
4.19
4.01
3.82
3.63

LEAKAGE FOR VARIOUS PRESSURES

Allowable leakage

12

7.94
7.81
7.68
7.54
7.40
7.25
7.11
6.96
6.80
6.65
6.49
6.32
6.15
5.98
5.80
5.62
5.43
5.23
5.02
4.83
4.59
4.35

Pipe

14

9.27
9.11
8.95
8.75
8.63
8.46
8.29
8.12
7,94
7.75
7.57
7.38
7.18
6.98
6,77
6.55
6.33
6.10
5.86
5.61
5.35
5.08

per 100

Diameter—-in.

16

10.59
10.41
10.23
10.05
9,86
9.67
9.47
9.28
9.07
8.86
8.65
8.43
8.21
7.97
7.74
7.49
7.24
6.97
6.70
6.41
6.12
5.18

18

11.92
11.72
11.51
11.30
11.09
10.88
10.66
10.43
10.20
9.97
9.73
9.48
9.23
8.97
8.70
8.43
8.14
7.84
7.54
7.22
6.88
6.53

joints-gph

20

13.24
13.02
12.79
12.56
12.33
12.09
11.84
11.59
11.34
11.08
10.81
10.54.
10.26
9.97
9.67
9.46
9.05
8.72
8.37
8.02
7.64
7.25

24

15.89
15.62
15.35
15.07
14.79
14.50
14.21
13.91
13.61
13.29
12.97
12.64
11.31
11.96
11.60
11.24
10.85
10.46
10.05

9.62
9.17
8.70

AND PIPE DIAMETERS

(US)*

30

19.86
19.53
19.19
18.84
18.49
18.13
17.76
17.39
17.01
16.62
16.22
15.81
15.38
14.95
14.50
14.04
13.87
13.07
12.56
12.03
11.47
10.88

36

23.83
23.43
23.03
22.61
22.19
21.76
21.32
21.87
20.41
19.94
19.46
18.97
18.46
17.94
17.41
16.85
16.28
15.69
15.07
14.43
13.76
13.05

42

27.81
27.34
26.86
26.38
25.89
25.38
24.87
24.3.5
23.81
23.26
22.70
22.13
21.54
20.93
20.31
19.66
18.99
18.30
17.59
16.84
16.05
15.23

48

31.78
31.24
30.70
30.15
29.58
29.01
28.42
27.82
27.21
26.59
25.95
25.29
24.61
23.92
23.21
22.47
21.71
20.92
20.10
19.24
18.35
17.41

54

35.75
35.15
34.54
33.92
33.28
32.64
31.97
31.30
30.61
29.91
29.19.
28.45
27.69
26.91
26.11
25.28
24.42
23.53
22.61
22.65
20.64
19,58

60

39.72
39.05
38.38
37.68
36.98
36.26
35.53
34.78
34.02
33.23
32.43
31.61
31.77
29.90
29.01
28.09
27.14
26.15
25.12
24.05
22.21
21.76

0 3

>

O

* If the Imperial gallon is used the figures must be reduced to one-sixth.

The allowable leakage for a pipe ine is calculated by multiplying the leakage per hour per 100 joints at the
average test pressure and for the diame'er of pipe tested as obtained from the above table, by the duration of the test in
hours and the total number of joints in the line divided by 100. If the section under test contains joints of various
diameters, the allowable leakage will be the sum of the computed leakage for each size of the joint.
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TABLE IV—COST OF CEMENT AND LEAD JOINTS IN CAST-IRON PIPE

Pipe size

in .

6

8

12

16

20

24

30

Size of pipe
in inches

6

8

10

12

16

Total

Material par joint 1b.

Lead

10

13

18

30

37

44

56

Cement

5

6

9

15

19

23

28

TABLE V

Length in
miles

2.7

5.4

0.2

3.5

0.3

12.1

Cost of

joint in
Lead

2.20

3.05

4.00

6.70

8.25

9.80

12.5)0

Cement
pounds

^,525

12,040

1,200

11,054

1,000

28,819

Finished

Cement

0,28

0.35

0.53

0.84

1.15

1.40

1.75

in

%

Saving

cement
joint

87.4

88.8

86.6

87.5

86.0

85.6

86,0

Lead in
pounds

2,507

4,372

300

4,411

1,120

12,710

cities, he enquired through a ques-
tioner, 19 replied that they use ae-
ment for their joints regularly and
that ten out of these use no hemp or
yarn in making the joint.

The life expectancy of the cement
joint reported is approximately 60
years, many reporting that the joint
is in use in their communities for
more than 35 years (16).

Pressures of 100 pounds per square
inch and more may be applied 48

hours after the joint has been com-
pleted. At Long Beach, California
(22), there are sixty miles of cast-
iron water pipes, ranging from 4
inches to 24 inches in diameter laid
with cement joint, and all these
pipes are under pressures ranging
from 10 lbs to 80 lbs per sq in. Clark
H. Shaw (23) reports that over a
mile of piping jointed in this man-
ner has been in use under 175 lbs per
sq in. pressure for more than two
years without requiring any repairs.
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Conclusion

It is felt that there is a definite
place in the water works for this type
of jointing material. If properly han-
dled, it will insure a joint which, in
actual tightness, will be comparable
to other materials.
' T h e Public Health Engineer, how-

RAGHtJ

Wks.5. HANNON, J. J., J. Am. Wat.
Ass., 26, 383 (1934).

6. PAYNE, C. R., Wat. Wks. Sewer., 82.
317 (1935).

7. HANS VOGT., Gesundh—Ing., 59, 631
(1936) abstracted in J. Am. Wat. Wks.
Ass., 31 (1939).

8. AMSBARY F. C, Wat. Sewage Wks.,
' 105 153 (1958).

WaL Wks

Ass., 41, 654 (1949).

PRACY, G. W., J. A
Ass., 41, 657, (1949).

WERTZ, C. F., J. Am. Wat. Wks. Ass.,
41, 658,

ever, is ultimately interested in over- 10' MAFFITT, D. L., J. Am. Wat. Wks.
all economy and to some extent on - —
expeditious completion of the work.
If the availability and comparative
cost of alternative material; (2) time
and facilities available; and (3) com-
narative costs of completed work are
parauvc .̂ nrpnared to 13 Directorate General of Health Servi-
encouraging, he will be prepared to 13. ^ ^ ^ ^ ^
accept the substitute material.

As cement joint answers these qua-
lities and has been a standard prac-
tiro ^n other countries, in Ibis coun-
try also with careful technique, ce-
ment can be used as a substitute or
alternate material which can replace
or help to save lead and thus make
a headway in carrying out the objec-
tives of the Five Year Plans concern-

c t h P community water supply 17. STEEL E. W.-Water Supply and Se-
mg the commun x.y ,,,praoc (MeGran-Hill Book).

ces, New Delhi Circular
PHE dated

14. AWWA—Tentative Standard specifi-
cations (7 D. k-T) fur Installation of
Caste Iron Water Mains—J. Am. Wat.
Wks. Ass., 47, 71 (1955).

15. PRACY, G. W., j . Am. Wat. Wks.
Ass., 7,'436 (1920).

16. GOIT, L. E., J. Am. Wat. Wks. Ass.
41, 654 (1949).

schemes.
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ANOTHER
IMPORT SUBSTITUTION

(WITH RUBBER GASKETS)

REPLACE
LEAD JO!
OUT COSTS -
SAVE FOREIGN
EXCHANGE

THE INDIAN IRON
& STEEL CO. LTD.
(ONE OF THE MARTIN BURN GROUP)

Already in use in
U.K.

e. Tyton
Joints® have proved
friore economical
than conventional
lejgd joints for Cast
Ir.o/i 5|$np pipes
because of seveifal
major advantaogs:

quicker to assem-
.vw«t

Self-centering

Retain perfect
sealing at very
high pressure

Manufactured entirely
from indigenous
materials, in collabora-
tion vwth the-U(»ited.
States- Pipe- end-
Foundry Co. (U.SA.)
and Stanton &
Staveley Ltd. (U.K.)



FOR YOUR REQUIREMENTS OF.:

CAUSTIC SODA LYE 45- 50%
HYDROCHLORIC ACID 30- 32% COLOURLESS
LIQUID CHLORINE 99-100%
SULPHURIC ACID 98- 99%

SODIUM SULPHATE'(HYDROUS AND ANHYDROUS)

AND

; CARBON -DI- SULPHIDE 't

'•'. . : • ! •

_ . . . .. '•"* CONTACT:

CENTURY CHEMICALS
'••"'. (Prop: The Century Spg. & Mfg. Co. Ltd.)

•••••••• H. O.: Industry House,
'- • 159, Churchgate Reclamation Bombay-1.

Telegram : 'CENRAY'.Phone: 246246/9

; t
!'

• Marking a new milestone in our Nations march towards self-
sufficiency. Alta Chemicals stand up to the best in

international standards.

Pioneer Manufactures of

[•••* ACETYL SALICYLIC ACID (ASPIRIN) I. P. * SODIUM
sALiCYLATE I. P. * METHYL SALICYLATE I. P. • SALI-
CYLIC ACID I. P./Technical * SALICYLAMIDE N. F.

ALT A LABORATORIES LTD.
, BOMBAY-14

Tel: 441721, 443358 Grams : ALTALAB



opening a new
of knowledge

All the excitement of a new world.pf,knowledge unfolds
before the wondering eyes of a boy growing into
z man... made possible through the world bf paper. '
Orient is proud to meet the most e;:r.ctirig "demands of
a paper-consciou; world.

Where there is paper there is ORIENT

ORIENT PAPER MILLS LTD.
BR.AJRAJNAGAR, OWSSA AND AMLAI, MADHYA PRADESH.



With compliments of:

BA5ANT PRAN & COMPANY
9. Old Court House Street

CALCUTTA-1.

Manufacturers of

Electrical Controls & Instalations

•t

WITH BEST COMFLIMENTS FROM

JAYANT PAPER MILLS LIMITED
INDIA'S FIRST LINER PAPER MILLS FOR THE

Manufacture Kraft Liner Board, Specialised Base Paper for
Textile Tubes & Cones, Duplex Board, Pulp Board, File Board
(Grey Board, Ticket Board, Test Liner etc. etc. To Meet India's
Growing Demands.

Reg. 6ffi.ee & Mills:

UTRAN '(DIST. SURAT)
Phone No.: 6475.

Bomtiay Office.

30, Western India House,
Sir P. M. Road, BOMBAY-1.
Phone No.: 253145.

Central Office :

Resham Bhavan, 2nd Floor.
Lai Darwaja, SURAT 3.
Phone No.: 6464.

N



We Have EXPANDED

besides our existing line
of business of water treat-
ment plants, we now offer
you our services for DESIGN
and INSTALLATION OF
SEWAGE and JMDUSTRIAL
WASTE Tft f ATMETIT
PLANTS - a new section
addta by Us under the
guidance of an emment

expert in this field.

* A MODERN LABORATORY FOR
UNDERTAKING AN ALYTICAL 3c OTHER WORK
RELATING TO WASTE WATER TREATMENT
A NO WATER PURIFICATION PROBLEMS IS
ALSO BEING ESTABLISHED.

FOR EXPERT ADVICE ON WASTE WATER TREATMENT
AND WATER PURIFICATION

C O N S U L T •

GEO. MILLER £ CO. PRIVATE LTD.
PUBLIC HEALTH ENGINEERING DCPT.

103/3, DIAMOND HARBOUR ROAD, CALCUTTA-38
Regd. office : 7,HASTINGS STREET ? Branch office : 17, LAKSHMI ROAD

CALCUTTA- I ^ SHANTINAGAR, BANGALORE

AS/6M



CPHERI PUBLICATIONS

1. Environmental Health

ON SALE
Vol. No.

5-9 1-4

1
2,4
3

4
2-4
1-2

Year

63-67

1959
1960, 62

1961

3.

2. Proceedings of Symposium on "Public Health
Engineering Education" (1963).
Proceedings of Symposium on "Water Treatment
and Waste Disposal at High Altitudes" (1964).

4. Proceedings of Symposium on "Problems in Water
Treatment" (1964).

5. Proceedings of Symposium on "Water Pollution
Control" (1965).
Vol. I—Sewage Treatment
Vol. II—Industrial Waste Treatment
Vol. Ill—Stream Sanitation & Re-Use of Effluent

Cost.

RS. 28-00
Per y©J.

Rs. 8.00
Per issue

Rs. 5J00

Rs. 8jOO

Rs. 20.00

Rs. 7.50
Rs. 5.50
Rs. 7.00

Postage

60

B
•§5n5

w

60

The Amount may please be sent by M.O./Crossed Bank Drjft
payable to The Director, Central Public Health Engineering) Research
Institute, Nehru Marg, Nagpnr-3 (India), stating clearly the purpose for
which the amount is being sent.

Water, Sewage and Industrial Waste Treatment Plants Designed

and constructed in collaboration with

DORR-OLIVER (INDIA) LIMITED
by

THE HINDUSTAN CONSTRUCTION CO. LTD

PUBLIC HEALTH ENGINEERING DEPT.

CONSTRUCTION HOUSE,

BALLARD ESTATE

BOMBAY-1.

INSTALLATIONS ALLOVER INDIA

enquiries solicited


