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PREFACE

This book is an out‘growth of certain lectures and notes which have been
used in the aut.hor ] classes in the. Department of Civil Engineering,
Bangladesh University of Engineering and Technology, Dhaka, for the
past several years. Its preparation was undertaken to meet the need in
engineering education and profession which was felt for a general
textbook covering the fundamentals of water supply engineering in a
comparatively concise and thoroughly modern manner.

This book on water supply engineering is designed for use as a
textbook to the students pursuing engineering and technical education in
Engineering Universities, Engineering Colleges, Polytechnic Institutes,
and other Technical Institutions. This book is also a unique offer to the
practising engineers, architects, contractors and to those preparing
themselves for AMIE Examinations, |

The discussions of various essential elements of a water supply
system follow a general systematic pattern which aims at presenting in a
simple, concise and lucid form the best of the most up to-date
informations regarding water supply engineering. Numerous illustrative
diagrams, worked-out examples, tables, and monographs have been
presented in this book to enable the readers to get insight into the
subject-matter easily requiring no previous knowledge in this field.

The author cannot make a pretence of being a specialist in all of
the fields which are covered in the various chapters of this book. This
work is therefore to a large degree a compilation of data and opinion
from many different sources.

The author takes pleasure in acknowledging; his great indebtedness
to the large number of engineers, architects, and Govt. officials who
have privately or by their writings contributed much to make up this
volume, A large number of technical books and journals have been
frequently consulted and freely used in preparing this text. An effort has
been made to always acknowledge the source of information so obtained
and if any error of omission has been commited in this respect, it has
been committed inadvertently, not by intention. Care has been taken to
give accurate information in textbook, however, 1na subject so vancc! as
water supply engineering, mistakes may occur. I will appreciate having
called to my attention.
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I express my heartiest thanks, to Dr. S. H. K. Eusufza Professo; and
Head, Civil Engineering Department, Bangladesh University of
Engineering and Technology, Dhaka, who inspired me in many ways to
write this book. g e B e A Bk T b |
I wish to acknowledge with thanks the valuable encotirage-ment ang
assistance from my respected teachers, colleagues, friends? and students
Special acknowledgement is made to Mr. M. Firoze Ahmed, Assistan;
Professor of Civil Engineering, BUET, Dhaka, for his interest,
encouragement and valuable assistance in proof -reading and in the
final preparation of this book. *- -~ .~
I wish to express my gratitude to my wife, Saleha, for her unfailing
inspiration, support and help during ‘writing this book. Sincere
appreciation is also extended to my family for allowing me to take so
much of their time to write this book. | '

Bangladesh University of Engineering | BT
and Technology . o M. A. Aziz
Dhaka, Bangladesh. - e R R
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Water Supply

I
INTRODUCTION s

1.1 General Considerations :

Water is absOlutely essential to all life, both animal and
plant. In order to survive all animals and plants must have
ample supply of water. A water Supply which is differ for
human consumption is essential to all life.

It is difficult to imagine any clean and san'itary environment
without water. Invariably, the progress of sanitation
throughout the world has been closely associated with the
availability of water ; and, the larger the quantity and the
better the quality of the water, the more rapid and extensive |,
has been the advance of public health. The history of public
health is ﬁlléd with both trag-ic and glorious milestones in
which water was the 1mportant factor.

Man uses water not only for drmkmg and curhnary pur-
poses, but also for bath_mg, washing, laundermg, heatmg
and air-conditioning, for agricultures, stock raising and
gardens, for industrial processes and cooling, for water
power and steam power, for fire protection, for disposal of
wastes, for fishing, swimming, boating and other
recreational purposes, for fish and wild life propagation, for
navigation and for engineering constructions. Therefore,
every actmty of man involves some use of water. Yet man's
assessment of the value of water 1s very low until he finds

himself without it.
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| Water Supply

While man has always recognized the importance of water
for his irnternal bodily needs, his recognition of its
importance to health is a more recent development, dating
back only a century or so. Since that time, much has been
learned about the role of inadequate and contaminated water
supplies in the spread of water-borne diseases. Among the
first diseases recognized to be water-borne were cholera and
typhoid fever. Later, dysentery, gastro-enteritis and other
diarrhoeal diseases were added to the list. More recently,
water has also been shown to play an important role in the
spread of certain virus diseases such as infectious hepatitis

(Jaundice).
Water is involved in the spread of communicable diseases in
o way. The first is the well known direct

essentially tw
when  drinking

ingestion of the infectious agent
contaminated water (e.g. dysentery, typhOld and other

gastro-intestinal diseases). The second is due to a lack of

sufficient water for personal hygiene purposes. Inadequate

f water for the maintenance of personal hygiene

quantities 0
ajor

nmental sanitation have been shown to be m

g factors in the spread of ep1dem1c disea
plies of water for personal hyglene also

diminish the probability of transmitting some of the g
ntestinal diseases mentioned above. The latter type of
tween water and the spread of diseases has

y various public health organizations i

and enviro
contributin SES.

Adequate sup
astro.

interaction be

been recogeized b
2

e

Scanned by CamScanner



Water Supply

developing countries which have been trying to provide

adequate quantities of water of reasonable, though not
entirely satisfactory, quality.

Health problems related to the inadequacy of water supplies
are universal but, generally, of greater magnitude and
significance in the underdeveloped and developing nations.
It has been estimated that about two-thirds of the population
of the developing countries obtain their water from
contaminated sources. The World Health Organization
(WHO) estimates that each year 500 million people suffer
from diseases associated with unsafe water supplies. Due
largely to poor water supplies, an estimated 5,000,000
infants die each year from diarrhoeal diseases.

In addition to the human consumption and health require-
ments, water is also needed for agricultural, industrial and
other purposes. Though all of these needs are important,
water for human consumption and sanitation is considered
to be of greater social and economic importance since the
health of the people influences all other activities. |

1.2 Engineering Aspects of Water Supply : . ~
The planning, design, construction, supervision and
maintenance of water supply systems to supply potable
water to communities have long been the responsibility of
Civil Engineers in every country of the world. Civil
Engineers with an understanding of water quality manage-

3
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ment and sewage treatment and disposal, are known as
Sanitary Engineers, but they are also called Public Health
Engineers or Environmental Engineers.

blic Health Engineers have to
s with adequate potable water

supplies, facilities for sewage and refuse collection.
treatment and disposal, safe recreational areas. and a healthy

environment within homes and the places of employment.
ned with aesthetics, economic.

ts of better living are important
ibilities

The important role that the Pu
play is to provide communitie

Many other factors concer
recreation, and other elemen
consideration and have become part of the respons

of the modern Public Health Engineers.

‘Even in its most specific sense in an engineering enterprise.

satisfactory development of water supply and waste-water
schemes depends upon hydrologic. and  geologic
information that can be made available only by decades of
itutionalization, orderly observations, recording, and
ysis, and also upon the sound knowledge of hydraulics,

tural engineering chemistry and microbiology. The
modern

complex

ins
anal
struc

plannin d operation of

g, design, construction an
urban water supply and wastewater systems arc
undertakings. The entire works must legally, hygienica“}’-
aesthetically and economically defined. Since science:
engineering and technology have advanced very much there
must be support from teaching research and prOfCSSif’ﬂf‘l
institutions deeply concerned with the advancements 01 the

4
|

Scanned by CamScanner



Water Supply

- underlying sciences, engineering and technologies of water
supply for the successful planning, design, construction, and

operation of modern water supply systems.

1.3 History and Development of Water Supplies:

Water supply has its history, its archeology, its literature, its
science, its engineering and technology. There was no truer
sign of civilization and culture without good water supply.
A knowledge of history and development of water supplies

s highly desirable to emphasize changes in practice. The
story of water supply begins with the growth of ancient
capital cities, or religious or trade centres. Constructed as
works of considerable magnitude and complexity, their
remnants are monuments to sound. yet daring feats of early
Civil Engineers. The relatively recent development of
present day water supply systems is as ancient as the history
of man. Water-works structures are found in excavation of
prehistoric ruins. The remains of Lake Moeris in Egypt
indicates its construction about 2000 B.C. It was the largest
of the reservoirs of the Nile Valley which is believed to
supply water for 20,000,000 people.

The water supply of towns in very early times was derived
from large tanks excavated on minor drainage lines which
collected and scored the rainfall in the wet season to provide
a supply during the dry periods. Especially notable are the

structures of water supply, drainage, sewerage and

5 .
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swimming pool of Mohenjodaro civilization in the Ingdys
Valley. In Egypt, Babilonia, and Assyria flat countries
traversed by rivers subject to floods, water was supplied by

“means of open canals with large storage basins. Wells were
also used in many countries in ancient times to utilize the
underground waters which were collected from them by
simple mechanical devices, still to be seen in Egypt and
India. Wells are also known to have bean used at remote
periods in ancient Greece and Italy and artesian wells were

~ sunk in China in very early times. Ancient China possesses
the deepest well in the world as it was knwon to be 1500 ft
deep. In ancient Greece and Egypt, deep wells as deep as
300 ft below ground level and wells ranging in depth from
100 to 200 ft even now exist in India.

The numerous conduits which supplied water to ancient
Jerusalem are very old, no exact date can be assigned to
their construction but they probably go back to the times of
the Kings of Judah, 600 to 900 B.C. The two most
important of these conduits were carried at different levels
to the city from a large reservoir consisting of the three
pools of Solomon, built in three terraces. the height was 40
ft. above the ground level. The conduits were rock-cul
canals partly built in masonry. Valleys were crossed bY

| : i rubble
syphons formed of large pierced stones embedded In rulb

masonry.
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The water supply for the city of Rome is one of the marvels
of ancient times. The water was brought from the
surrounding hills in aqueducts totalling about 385 miles in
length. The first aqueduct, the Appia, was 10 miles long-and
was built in 312 B. C. All of these aqueducts were
constructed along the hydraulic grade line in ordér to avoid
the necessity for building pressure conduits. Iron pipe was
unknown at that time. Lead was the only material available
to carry water under pressure as lead was not suitable for
high pressure, it was necessary to convey water at
atmospheric pressure in aqueducts. The Greeks were very
skilful in their methods of bringing water to their towns in

conduits along the contour, lines of hills or through tunnels.

Distribution through pipes was probably unknown to the
ancients. London was perhaps the first modern city in the
world which at the end of the 16th century used lead pipes
for conveyance or distribution of water. After this, for many
years wood pipes bored out of logs came to be used and in

some parts of Europe such pipes are still in use.

Most of the early water supplies were contaminated by -
various impurities and the people did not know the science
and .technology required to purify water to make it safe.
Peﬂple suffered much from various water-borne diseases.
The men who first raised the objection to drink impure
water and tried to purity it included engineers, scientists.

mon
doctors, lawyers writers and statesmen. Notable among

i
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engineers were John Gibb (designed and constructed the
first water filter at Paisley in Scotland, U.K. in 1804). James
Simpson (designed and built a sizeable water filter for the
Chelsa Water Company to improve its supply from the
Thames River, England, in 1829) and James P. Kirkwood
(designed and ‘built the first sizeable water filter at
Poughkeepsie in New York: USA, in 1871).

Among the lawyers were Sir Edwin Chadwick (England.
1842) and Lemuel Snattuck (Boston. USA, 1850: who first
told the public not to.drink polluted water.

Famous among the doctors were Sir (Dr.) John Simon (first
medical officer of health of London City, 1842) and Dr.
Stephen Smith (general practitioner of New York City,
1850) who demanded the purity of public water supplies.
Two reéearchers of medical profession of England also
accelerat\ed the revolution . against drinking of polluted
waters: they were Dr. John Snow who in 1849 demonstrated
to the world not yet blessed by the dlscoverle's of Louis
Pasteur, the role of faecal pollution of drinking water in the
epidermicity of cholera and Dr. William Budd who from
1857 onward investigated the - Water-borne  discases
specially, Typhmd fever, its nature, mode of spreading and

prevention.

Among writers, Charles Dickens commented on the
- polluted water of the . Thames River - and urged the
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gbvemment to adopt necessary steps to purify the water
supplied to the public in England (1850).

Therefore, the science, engineering and technology of
modern wafer supply systems were contributed by the
combind efforts of engineers, chemists, biologists, doctors,

- geologists, economists and other specialists in the natural
and social sciences.

The modern renaissance in  water-works  design.
construction and operation was marked at the start of the
nineteenth century by invention of steam-driven pumping
machinery and of cast iron. The first steam-driven pumping
engine is said to have been installed in London in 1887.
Previous to this, pump-driven by the river current have been
used. The first steam-pumping engine in the United States
was installed in Philadelphia water-works in 1800. Cast iron
pp conveyance of water was laid in Philadelphia in 1804
and in London in 1807. Public water supplies in the United
States date from 1652 at Boston.

Ancient water supply systems did not have proper treatment
methods. Although some cities were able to collect safe
water from uninhabitated regions and thereby reduce water-
borne diseases to some extent ; many others found their
supplies dangerously polluted and that the danger was
Increasing  as population increased upon watersheds.
ACcording]y, some treatment methods,  such as

sedimentation, were developed, which when properly

9.
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applied. eliminated the hazard to some extent. The theory of
water filtration was conceived by the engineers early in the
19th century, but city councils were slow to be convinced of
the necessity for spending money to save lives, and the
water treatment methods were not widely adopted until
about 1909. When slow-sand filters were introduced in
England in 1906, an immediate reduction in Typhoid fever
occurred. This epidemic was further checked by disinfection -
of filtered water with chlorine. A still creater decrease was
accomplished after 1920 by careful control over infected

persons, who had become carriers.

As progress and civilization. advance, the difficulty of
obtaining water becomes greater, because the population of
towns increases to such an extent that the existing sources
of natural supplies are neither within an easy reach of the
majority of the public, nor are they sufficient. The
requirements for municipal, trade and manufacturing
- purposes grow considerably. The sources were inadequate
and got contaminated in dry season and became sources of
danger. Cholera, typhoid, dysentery and diarrhoea were
found in epidemic form. Hence, public water supply
schemes, which could deliver pure water to the houses.
industries, public places and trade centres, were urgently felt
by the authority concerned to be installed. "

In our country, water supply on modern lines is

comparatively of recent origin. The first water works for the

10
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supply of water to Daccal City was completed by the Nawab
of Dacca (Sir Nawab Abdul Ghani) in carly eighteenth
century. After this, water-works were constructed by the
- Government at Chandpur, Chittagong and other places. The
water-works in Calcutta was completed in 1870 and those of
Bambay, Madras and Poona 1875. 1880, 1890 respectively.

1.4 Objectives of Water Supply Systems:

The broad objectives underlying any water supply system
are: (1) to supply safe and wholesome water to consumers;
(2) to supply water in adequate quantity; (3) to make water
easily available to consumers so as to encourage personal
and household cleanliness.

In order that water should be safe and wholesome it, must
satisfy the criteria of being. least harmful upon
consumption. A wholesome water is usually one which is
unpolluted, free from toxic substances as well as excessive
amounts of mineral and organic matter that may impair the
quality of water. Standards of quality for drinking water
have been established by many countries now to ensure that
the water supplied is really safe and wholesome. The first
objective as outlined above is fairly satisfying. To supply
water in adequate quantity would mean that the source of
water supply must be so selected as to ensure that quantitics
of water as requifed by the community would be amply

available, further, capacities of units required to store

11
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requisite quantity of water for continuous supply must be
sufficient. To make water within the easy reach of consy.
mers, would mean planning a well laid-out system of
distribution involving pipes. valves and other fixtures of
adequate design and capacity so that the syste_m could be
fully relied upon to meet the continual requirements of

consumers at all hours of the day.

1.5 Elements of Water Supply System :

The water requirement of a modern city is so great that a
system capable of supplying a sufficient quantity of potable
water is necessary. The first step in the design of a water
supply system is the determination of the quantity of water,

that will be required with provision for the estimated

requirements of the future. Next a reliable source of water

must be located, and finally a collection system.

a treatment
plant and a distribution System must be provided.

Water use varies from city 1o city depending on the
population, climatic conditions, industrialization and other
factors. In a given city, water  use varies from season 10
Season and even from hour to hour The planning of a water

supply system requires that the probable water use and its
variation be estimated as accurately as possible,

The essential elements of a water supply system are as
follows - (1) Source of supply : (2) Collection system; (3)
Treatment or purification plant: and (4) Distribution system.

12
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1) Source of Supply : All waters come in the form of
precipitalion. It is evaporated from the ocean, condenses to
form clouds and finally precipitates over'land. As the water
falls in the form of rain or snow or sleet or hail, it acts as ‘a
- vacuum cleaner picking up all the dusts and dirt particles in
air. Needless to say, the first water that falls from the cloﬁds
picks up the greatest concentration of contaminates. After a
short period of all, the precipitation is relatively free of
contaminants. When the water hits the ground, a portion of
its runsoff across the surface of the ground and a portion of
its sinks into the ground. Therefore, the source of supply is
of two types : a) Surface water supply and (b) Ground water
supply.
(a) Surface Water Supply : The water running across the
surface of the ground has been designated as surface water.
It picks up many substances as it flows back to the ocean
like Micro-organisms, organic matter, minerals and other
polluting substances. Surface supply is generally obtained
from streams, lakes, ponds, reservoirs and oceans. Since

Surface water is hi ghly polluted it needs extensive treatment.

Fb) Ground Water Supply : The surface water which seeps
o the ground i designated as ground water or sub-surface
W‘ater. As it travels through the surface layers of the earth, i
Ei?iiii‘son.le minerals and a few organics in solution. The

ganisms and particulate matter find themselves

€in ;
8 filtered oyt iy fhe upper layers. Thus, it is found that

13
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most ground waters taken far below the earth's surface are
free of microorganisms. These waters are usually relatively
low in mineral and organic contaminants. Needless to say
ground waters are usually preferred as sources of drinking |
water to surface waters. Springs, wells and galleries form

the chief ground water supply.

Suitability of Sources with Regards to Quantity and
Quality :.

Quantity : As the effect of rainfall is most direct on the
surface sources of water supply, the quantity of water
available is abundant. However, since the rainfall may not
be uniformly spread throughout the year especially in the
case of tropical countries like Bangladesh and India,
considerable variations in the flow of surface waters are
likely. Thus, the flow in the streams or rivers may vary from
a maximum during the rainy season, ancient to result in
floods to a minimum during dry months, sufficient to cause
long droughts. In case of impounding reservoirs, in addition
to the rainfall and run off, the topography of the catchment'
area is important. It should be such as to-drain off water
from all remote points.

As regards the underground sources, the quantity of water
available is usually less than that in the case of surface
Sources ; the effect of rainfall now being most indirect, and
'dependip_g upon the available underground storage and the
14 _
L
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geological formations of the substrata i.e. permeable or non-
permeable. Incase of shallow wells and springs, it is easier
to get supplies by tapping the upper water bearing strata but
such a storage may be temporary and fall off during dry
scason resulting in the failure of the-source. The
underground supplies drawn from greater depths i.e deep
wells, are more constant in their yield and hence more

reliable.

Quality : Impuritities in water normally are of two types,
suspended and dissolved. The surface waters are
characterized by the suspended impurities whereas the
ground waters are generally free from the suspended matter
but are likely to contain a large amount of the dissolved
impurities, which they gather during the course of their
travel in the underground strata comprising of rocks and
minerals. The suspended matter often contains the
pathogenic or diseases producing bacteria ; as such surface
waters are not considered to be safe for water supply
without the necessary treatment. Ground waters are

Comparatively safer and fit for use with or without minor
treatment only, -

The rain water is soft, has a flat taste and is free from
‘ONtamination, As, however, rain‘ falls through the air. it
Collects dustg and gases from atmosphere and becomes
mpure. Where rain water is collected in storage tanks. it

m
4 pick Up impurities and therefore requires o be

A3
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disinfected before use or drinking. However, because of (}e
soft nature of the water, it find; an excellent use for washing

purposes.

The river water varies in quality. This variation is caused by
the great difference or the maximum and minimum flow.
The maximum flow is caused by higﬁ floods, resulting in an
increase in turbidity and bacteria due to the surface wash
brought into the river. The minimum flow due to the flow of
ground water into the river, resulting in the decrease of
turbidity but increase of dissolved impurities. The river
water is also usually found to be contaminated with sewage
or industrial wastes from towns and cities. The river water,
therefore, must be throughly treated before supplying for
public use.

An impounding reservoir stores water by the construction of
a dam across a natural water course. The storage provided
may be as much as 60 days or less. This long storage
enables the suspended matter to settle down and be
removed. There is also considerable reduction in harmful
bacteria and in colours present. Long storage is, however,
objectionable in one way and this is that it creates-growth of
microscopic organisms in water impairing its general
quality. Aeration and chlorination are thus normally
required before water is considered fit for supply.

The quality of ground water is comparatively much better.
This is due to the fact that water gets strained during its

16
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passage through the porous underground strata. The
geological formations with which water comes into contact
also impart to it certain qualities like softness or hardness.
The bacterial content of waters from springs, infiltration
galleries and deep wells is usually low due to the straining
action involved. In general, ground water is good in quality
but may require some treatment to improve its chemical
characteristics. :

Choice of a Source for Water Supply : Considerations in
the selection of a particular source for supplying of water
are : (a) Quantity, (b) Quality and (c) Cost

The quantity of water available from the source should be
sufficient to cater for the needs of the town or city regarding
domestic service, industrial demands, fire fighting
requirements and other public uses. The quantity of water
.upplied should also include the design requirements, which
neans the calculated quantity would be somewhat hlgher
than the bare needs.

The quality of water should be wholesome, safe and free
from pollution of any kind. The health of the public should

in no way be endangered due to epidemics associated with

‘Water-borne diseases.

The quantity and quality of water are prime considerations -

"in the selection of any source of supply. Cost cons1derat10ns

regarding the development and operation of water supply
are also signjficant. The cost of supply would depend

17
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whether the system of supply is such that the water flows by
gravity from the source or it has to be pumped first before
supplying. Cost would, naturally, be less in the first case,
The cost shall also depend upon the distance between the
source of supply and the distribution system. ‘Ldnger 1
distance means water cost of * conduits and other
appurtenances required. In short, the cost of water supply
must be reasonable compared to the number of people
served and must bear a fair relation to the value of property
served so that by equitable taxes and reasonable charges for
water, the original cost of the system can be repaid at the
end of the design period, which is usually 20 to 30 Sfears.

(2) Collection systems : The collection system is a sort of
engineering works designed to convey from .a source to a
treatment plant. The following are essential units in a
collection system: (a) Intake, (b) Intake main, (c) Aqueduct
or Transmission main, and (d) Pumping station.

Intake : An intake is a device or a structure placed in a
surface water source to permit the withdrawl of water from
this source and its discharge into an intake conduit or pipe
(intake main) through which it will flow into the water-
works system. Intakes are of primary importance. In
general, they consist of the opening protected by a strainer
~ or grating through which the water enters to the intake main.
Types of* intake structures consist of intake towers

submerged intakes, intake pipes or conduits, movable intake

18
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and shore intakes. Intake structures of the inlet end of inlet
conduit is necessary to protect against current and wave
action. floods, stoppage. navigation, pollution and other
nterference with the proper functioning of the intake. Intake
should be so located and designed that the possibility of
interference with the supply is minimised tojthe greatest
possible extent. Where uncertaintity of continuous
serviceability exists intakes should be duplicated. The
following factors must be considered in designing and
locating intakes : (i) Location of the best quality of water
available, (ii) Possibility of wide fluctuations of water level,
(iii) Characteristics of intake surrounding, i.e , depth of
water, character of the river bottom, navigation
requrements, the effects of waves, currents, floods and
storms upon the intake structure and in scouring the river
bed and banks, (iv) Formation of shoals and bars, (V)
Possible sources of pollution. and (vi) Provision for
excluding possible floating materials like logs and
vegetations.

Intake Main and Transmission Main : A pipe line must be
used to deliver the water from the source to the treatment
plant. The kind of pipe to be used-cast iron steel, concrete,
asbestos cement or even wood will depend to some extent
on local conditions and local costs, which should be
determined on an engineering basis. Similarly, the size of
the pipe is fixed by the volume of water to be delivered and

19
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the pressure or head of water. In general, the design of thg
pipe line will be governed by the principles of engineering

~economics, perhaps to a great extent than any other part of

" - the water supply system.

Pumping Station : A pumping station is essential for
pumping water from the source through the intake to allow
water to flow by gravity through the transmission main to

the treatment plant.

(3) Treatment Plant : Water, as it is drawn from streams,
reservoirs, or wells, is rarely suitable for use. It must usually
be treated before it reaches the consumers. In case of
surface waters, the treatment procedure may involve the
removal of turbidity, colour, taste, odour and bacteria.
Ground water from wells may be treated to reduce hardness,
iron, corrosive qualities, and sometimes bacteria. The
methods used for treatment include  screening.
sedimentation, treatment with chemicals, filtration through
sand beds, and disinfection to kill microorganisms. Most
streams are polluted by industrial or domestic wastes t0
some degree and treatment of the water from a stream must
be designed to provide a safe, clear and palatable water
under any condition. The engineer must, on the basis of
careful examinanon -of local data and conditions, plan:
design and supervise the construction of a plant that 1
- capable of producing satisfactory water. He must also. s0

design the plant that the correct operation is easiest and
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qost logical. Adequate treatment is Necessary because the

use of polluted water can be an important factor in (he
spread of many diseases.

4) Distribution System: The distribution system is needed
to deliver water to the individual consumer in the required
quantity end under a satisfactory pressure. The distribution
system is often a major investment of a municipal water-
works. This includes: (a) Various pipes that convey the
water to the consumer, (b) Storage Reservoirs that are
provided to aid in the distribution of water, (c) Pumps and
necessary equipments. and (d) Fire hydrants, valves, meters
and other appurtenances.

Classification of Distribution Systems : There are three
general methods or systems for furnishing satisfactory water
pressure in the distribution pipes, namely, the gravity
system, the distributing reservoir system, and the direct
pressure system. In a gravity system the source of supply is
at such an clevation with respect to the community to be
served that adequate pressure in the pipe is obtained directly
from the head. In a distributing reservoir system the water is
pumped to a reservoir called a storage reservoir or
distributing reservoir which is at such an elevation that the
water flows by gravity through the mains. In a direct
pressure system. the water is pumped directly into the
mains. These methods may be combined, or may merge into
one another and therefore, the classification is not absolute.

21
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The procedure in designing a distribution system jg
essentially the same in each case. The details of the systey,
are determined largely by cost and local topographjc
characteristics.

Pressure Requirements in Distribution Pipes : Fq
general domestic purposes, the nece;ssary pressure of watey
in the pipes. which is usually indicated by an ordinary
pressure gauge is about 50 to 60 psi. However, in.
communities built in hilly or mountainous districts,
considerable variation in pressure may be necessary in the
pipe lines. In general, the pressure for domestic purposes
should not fall below 20 psi and should not exceed, 120 psi.
Where the conditions are such that, variation in pressure
would otherwise exceed the given limits, it is necessary to
layout the distribution system in separate districts of high
and low pressure. To supply water to all floors in a very
high multi-storied building, it is necessary to install separate

pumps and roof top tanks in the building.

Fire service requires pressure higher than that provided for
domestic use because the water is used at a greater rate and,
to be effective in fighting fire the water must issue from the
nozzle of a fire hose with a sufficient velocity to 2
considerable height. When the pipe pressure is dependent on
the forcing water through a hose to a fire, a pressurc of at
least 80 to 100 psi is needed in the pipes. Therefore it 15

often cheaper, especially in large cities. to use fire engines’
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for providing extra pressure in case of fire, and to provide a
lower pressure in the pipes for ordinary occasions. Like
nmny other engineering problems, the question of pipe
pressure requires for its solution a careful weighing of
conditions and costs.

Distribution Reservoirs : These reservoirs provide storage
of treated water to meet the water requirement of the
consumers and also to provide fire storage and to stabilize
pressures in distribution system. The reservoir of steel or
concrete. They may be cylindrical, rectangular or square.
The reservoirs should be located a close to the centre of use
as possible. The water level in the reservoir must be high
enough to permit gravity flow at satisfactory pressures to
the pipe system it serves. |
Pumping Station: A pumping station is needed to pump
water to the reservoir (overhead water tank) to allow the
water to flow by gravity to the distribution system.
Distribution Pipes : The basic requirements of distribution
system are adequate strength and maximum corrosion
resistance, Cast iron, concrete, asbestos-cement, PVC /
polyvinyl chloride) and G.I. (Galvanized Iron) pipes
compete in .smaller sizes, while steel, and R.C.C.

(Reinforced Cement Concrete) pipes compete in larger
sizes.

All the Essential elements of a water supply system for a

' City in diagrammatically shown in the Fig. 1.1.
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Treatment Plant

4

SERSESS

l Z Elevated Reservoir
Distnbution System

Fig. 1.1 Essential Elements of a Water Supply System

1.7 Planning a Municipal Water Supply System :
In general the following must be done in planning a
municipal water supply system;
(1) Estimate of the future population of the community and
study of local conditions to determine the quantity of water
which must be provided.
(2) Location of a reliable source of water of adequate
quality.
(3) Design of a suitable collection system.
(4) Provision for the necessary storage of water, and design
of the works required to deliver the water from its source t0
the community.
(5) Determination of the physical, chemical and biological
characteristics of the water.

(6) Design of various units of the treatment plant.

24
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(7) Design of the distribution system, including distribution
reservoirs, pumping station, elevated storage, layout and
location of fire hydrants.

(8) Provision for the establishment of an organization which

will maintain and operate the supply, distribution and
- treatment facilities.

8 Conclusion :

Modern civilization is far more dependent on water than
‘were the civilization of the past. Modern water supply and
sewerage engineering together with modern medical science
reduced death rates and increased life expectancy. Modern
standard of living requires much more water than was used
only hundred years ago. Increasing population demands
more attenion to water supply, storm drainage and
sewerage. Industrial Progress finds increasing uses of water
in process industries, for steam generation, and also for
electric power production. The emphasis of water supply

engineering shifts more or less steadily and continuously.

The development of civilization has increased the

importance of water supply engineering and there is no
prospect of a line of activity in this field in the foreseeable

future. More efficient methods in planning and design and

better construction materials and process for water supply

ili 1ake
systems for urban and rural areas must be utilized to n

the systems more efficient and to reduce costs so that water

supply projects may become economically feasible.
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QUESTIONS

1--Explain the importance of water supply engineering upon ci
life. BUET, 1962,68.
2. Write a short essay on the history and development of waj,
supply'engineering. BUET, 1965.
3. Discuss briefly the engineering aspects of water supply

BUET, 1964.

4. Enumerate and explain briefly the essential elements of;
water supply system for a city with the help of a neat sketch
BUET. 1963, 66, 69. 70, 72

5. Enumerate the factors to be considered in planning ¢
manicipal water supply system. BUET. 1970. 72. _

6. Write an essay on "Water Supply Engineering and Publi
Health". BUET, 1966. 69, 70. 73.

‘!
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2
WATER REQUIREMENTS

2.1 Introduction :

Of prime importance in the design of a water supply system
is the framing of an estimate giving the total quantity of
" water that will be required by the community after the
completion of the works. The estimate enables the engineer
for the determination of sizes and capacities of all the
constituent parts of the water supply system. This is
generally done by the help of two factors: (I) Probable
population estimated at the end of the design period, and (2)
Rate of water supply per capita per day.
The design period is the period into the future for which the
estimate is to be made. The period should neither be too
long so that full financial burden is not thrown on the
present generation, nor should it be too short so as to avoid
the design becoming uneconomical. In practice, a period
varying from 25 to 40 years is considered sufficient for
design purposes.
- The per capita consumption of water is the total
consumption divided by the population and the number of
days in the year. It is generally expressed as gallons per
capita per day (gped). Thus, per capita consumption in
gallons per day.

Total consumption in gallons

Population x 365

(]

p—
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2.2 Factors Affecting Per Capita Consumption of Water:
The various factors and the way they affect the per capit
water consumption are as follows :

(1) ‘Size of the city: The per capita use of water tends to b
higher in larger cities than in small towns. Average use In.
the larger cities is about 100 gped as compared with 60 gp&i
for the country as a whole. The difference results from
areater industrial use, more parks and other public facilities.

- greater commercial use and perhaps more loss and waste in

the larger cities.

(2) Characteristics of the People: Water use is influenced

by the economic status of the people. The per capita use of

water in slum areas will be much less than that in the high-

class residential areas, because of extra water use for

gardening, car washing, air conditioning and for some

ornamental display. '

(3) Climatic Conditions : More water is used in warm. dry
climates than humid and cold climates for bathing, lawn and
garden watering, air conditioning, etc. In extremely cold
climates, water may be wasted at faucets to prevent freezing
of pipes.

(4) Commerce and Industries : Industry uses larg
volumes of water in its manufacturing processes and in
supporting operations. Indeed, the production of foodstufTs:
metals, chemicals and other basic commodities calls for @

tonnage of water that far exceeds the combined tonnage of
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other raw materials. The actual amount depends on the
extent of the manufacturing and the type of industry. Table
2.4 shows the water use in some selected industries. Some
industries develop their own water supply and place little or
no.demand on the municipal water supply system. Zoning
of the city affects the location of industries and may help in
estimating future industrial demands. Commercial areas
include office buildings, warehouses and stores. The per
capita demand in such areas is not high, averaging about 10
gped per full time employee. The amount of water used by
industry varies widely. Table 2.5 shows the water
consumption by different industries based on the percentage
of total water that is drawn up through the intake.

About 80 per cent of industrial water is for cooling and need
not to be of high quality. Water used for process purposes or
for boiler feed must be of good quality. In some cases,
industrial water must have a lower content of dissolved salts
than can be permitted in drinking water. The location of
industry is often much influenced by the availability of
water supply. However, when other factors dictate the plant
location, water requirements, may be reduced far below the
industry average.

Commercial consumption of water is sometimes taken as
50.000 to 100,000 gallons per acre per day.

(5) Pressure of Water : The rate of use of water increases

When the pressure on the distribution system is increased.
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This is due, in part, to the greater loss through leaks ang the

greater amount run to waste through open faucets. Increag,,

in the rates of use of water with pressure have been knowy

to reach 30 per cent for a change from 25 to 45 psi. This [y

should lead the designer to provide the lowest pressure hy

will give satisfactory service. Excess pressure means

wastage of water. ' :

(6) Quality of Water : Improvement of the quality of the

water supply will result in increased use of water in part

because of the availability‘bf the water for more uses and a
feeling of safety on the part of the public in using it. The
water quality also influences the industrial uses. If the water
is soft and meets the standards of industrial water. the rate
of consumption will be high.

(7) Sewerage Facilities : The effect of the installation ol
sewers in a city is to increase the rate of water consumption
because of increase is plumbing facilities. In an unsewered
area water consumption generally does not exceed 15 gped
while in a sewered area the consumption will be equal or
exceed 50 gpcd.

(8) Water Rates and Metering : If the cost of water is
high, people may-become more conservative in water usc
and industries will often develop their own supply to obtain
cheaper water. Metered consumers are more likely to repair

leaks and use water with discretion. The installation of
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meters in some countries has reduced water use by as much
at 40 per cent.
(9) Nature of Supply:. If the water is supplied intermittently

(only for some parts of the day), the rate of water

consumption much less than when it i supplied
continuously. This may due to decrease in losses and other

wasteful uses.

(10) Availability of the Private Supplies : The demand for
municipal water 1s reduced to a great extent if the people
and industrialists develop their own private supplies from
wells, springs etc. High cost and poor quality of municipal
supply often compel the users to go for own supplies.

(11) Efficiency of the Management: The efficiency of the
management of a water-works will affect consumption by
controlling loss and waste. There is always some leakage in
the collection, transportation and distribution system of
water-works. In well managed water-works, loss and-waste
of water through leaks and faulty joints are carefully
controlled. Therefore, an efficient water-works management
will keep the loss and waste of water to a minimum.

(12) Number of Inhabitants : This would affect the extent
to which use is made of private water supply. Thus, in large
cities, the public water supply is almost a necessity while in
small towns and villages, the private supplies may remain in
use even long after the introduction of the public water
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supply. Generally per capita consumption is found t

increase with increase of population.

2.3 Consumption of Water for Various Purposes :

Water consumption varies from city to city, depending upoy
the population, climatic conditions, industrialization ang
other factors. In a given city, water consumption varies fron
season to season and from hour to hour. Municipa
consumption of water may be broken down into the

following four general classes :

(1) Domestic Use : This includes water furnished to houses
or private buildings for purposes of drinking, bathing
cooking sanitation and other purposes. This varies
according to the living standard of the consumers. The
standard recommended for use in many countries ranges
from 20 to 50 gallons per capita per day.

(2) Industrial and Commercial Use : This includes water
required to the offices, stores, hotels, factories, breweries.
sugar mills, refineries, tanneries and other industries. This

consumption will vary greatly with the character of the city.

In small residential communities, the commercial and!

industrial use may be as low as 10 gpcd, but in big industrial |
cities it may run as high as 100 gpcd.

(3) Public Use : This includes water used for public

buildings such as schools, colleges, universities, hospitals:

cinema and theatre halls, jails, mosques, etc.. parks:

32

Scanned by CamScanner



Water Supply

gardens, fire fighting, sprinkling streets, flushing sewers,
public fountains and ornamental displays. This -varies

between 5 to 20 gped.

(4) Loss and Wastes : This is the water unaccounted for

and may be due to bad plumbing, faulty connectionsl,h
breakage of pipes, meter slippage unauthorised connections,

leaky trains and other wastes. This can be minimised by

careful maintenance and universal metering. It is often

estimated to be 10 to 40 gpcd.

Table 2.1 Normal Cuhsumption ofWater

Nature of Consumption * Quantity, gped
Normal Range | Average
Domestic Use 20-50 45
Commercial and Industrial use 10-100 65
Public Use % 5-20 15
Loss and Wastes 10-40 20
Total | 45-210 145
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Table- 2.2 Special Consumption of Water

Nature of Consumption

Quantity, gpcd unless )
otherwise specified

Office buildings
Educational Institutions
Hostels and halls of
residences

Hospitals

Hotels

Factories

Cinema and theatre halls
Single family houses

-| Multifamily houses
Restaurants

Laundries

Domestic animals

10-15 Bk

10-25

30-40 -
130-350 gallons per bed per day
150-250 gallons per day

per occupied room

10-20

5-10

35-50

50-90

0.5-5 gallons per meal per person
3-6 gallons per pound of clothes washed
3-15 gallons per animal per day

et

Table 2.1 and 2.2 show the normal and special consunlbtiOH’J_
of water for various purposes.
- A breakdown of domestic water consumption for various:
uses is as follows: 41% for flushing toilet; 37% for washing
and bathing ; 6% for kitchen use; 5% for drinking ; 4% for:
washing clothes ; 3% for general household cleaning ; 3%
for watering the gardens and 1 % for washing family cars-
Table 2.3 shows the distribution (approx1mate) of mtalj
consumption of water in a city, |
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Table 2.3 Distribution of Total Consumption of Water

- i .
| Nature of Consumption | Percentage of total Consumption

[ Domestic 42.80
| commercial 31.60
| [ndustrial 12.20
l public and other | 13.40
Total : 100.00

In our country especially in the districts of Dhaka and
Chittagong, present water use rate at street faucet varies
between 2.5 to 10 gped. Presently, the majority of the urban
population in Bangladesh live in sub-standard housing and
rely upon street taps and hand pump tube-wells for their
drinking and cooking water. Estimated present water use for
the water works of Dhaka and Chittagong ranges from 30to
40 gpcd and in 1985 it will range between 40 to 50 gpcd.
Table 2.4 shows the water requirements for some selected
industries. |

iable 2.4 Water Requirements of Some Selected

~

Unitof Gallons per
_ Production Unit
Manufacturing Produets | |
| ton 2,000-100,000
: ton 4,000- 60,000
Leather (tanned) 1000 sq. ft. of _|1,200- 60,000 |
35
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hide L
1de
\\
Cotton goods 1,000 Ib -120.000-
100,000
——"
Rayon hosiery ton 12,000—25,000
Woolens ton 100,000-
_ 140,000
T e |
Automobles each 8,000-_M

Food Products
Meat (slaughtering and |1,000 Ib live 600-3,500

packing) weight

Beverage alcohol gallon 125-170 |
Vegetables (canned) case 5-250

Béer - Barrel 470

Soft drinks ( coke, Ton 3,600 -4,500

seven-up, sprite, etc.)

Mineral Products

Aluminum (electrolytic 35,000-56,000
smelting) |ton &
Copper i
Smelting ton 10,000
Fabricating ton 4,000
Refining ton 200-1,000 |
Petroleum Barrel of crude |800-3,000
_;________ oil R
Steel ton 1,500-50,000_
Q_i_LISE_f_'lni___rlg Barrel 600-800
36
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).4 Fire Demand :

Fire protection is an important function of a water-works,
The total amount of water used in a year for extinguishing
fires is usually a negligible part of the total use, but during a
fire the rate of demand of it so great as to be the deciding
factor, in all but the largest communities, in designing the
pumps, reservoirs and distribution systems. The fire demand
is a function of population, with a minimum limit, because
the greater the population the greater the number of
buildings and the greater the risk of the fire. The minimum
limit of the fire demand is the amount and the rate of supply
that are required to extinguish the largest probable fire that
could be started in a community.
At least four streams should be available at all points with in
the area protected. Each stream should be capable of deli-
vering at least 175 gpm of water in-low-risk districts and
250 gpm in high-risk districts. The above quantity of water
should be available for at least 5 hours. The pressure to be
“provided at the fire hydrant should, in general, not be less
than about 80 psi where mobile fire pumping engines are
used, and 80 to 100 psi otherwise. .
Authoritative recomendations concerning allowance to be
made for peak fire demands in water works design are listed
in the Table 2.5. The maximum rate of demand to be
provided for design is the sum of the fire demand and the

. general service demand occurring simultaneously.
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e 2.5 : Empirical Formula For Computing Rates 1__:

Table 2
; b
Deman Rate in gpm fy
Name of the Formula 100.000 -
Authority population

Q=1,020P

National Board of

Fire Underwriters (1-0.1 Jr ) 9.180
Kuichling (on basis
of fire streams of 250
gpm) Q=7000 /P 7,000
Freeman, John R. P 7.500

Q=250 (-5— +10)

Where, Q= Fire demand in gpm
and P= Population in thousands

The National Board of Fire Underwriters requirements of
- fire protection water vary between 1,000 gpm for l
persons and 12,000 gpm for 200,000 persons, with @
maximum of 20,000 gpm. There must be enough water =
the reservoir to provide for a 5-hr fire fof towns of less thaj
2,500 persons and a 10 hr-fire for larger cities.
Based on the experience of water supply engineers and i fi
departments, a number of, empirical formula for the
required number of fire streams have been devised. Th

following formula devised by Kuichling is most commﬂn].
used.

F=28Jp - 2.2):

in which F= : |
| hich F= number of simultaneous fire streams.
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p= population in thousands.

Example : Calcu]ate the total stream flow in gpm for a town
having a populatlon of 10,000. Assume that each stream
will spray 250 gpm on the fire 51multaneously.

Solution: F=2.8 J10=9

Total stream flow = 250x9 = 2,250 gpm.

But the amount recommended by the National Board of Fire
Underwritets is 3,000 gpm (See Table 2.6). Therefore. the
values in the Table 2.6 are generally used.

Table 2.6 : Fire Flow Required by the National Board of

Fire Underwriters

~ |Recommended , Recommended -
Population Population
fire flow, gpm fire flow, gpm

1.000 1,000 28.000 5,000
2,000 1,500 40,000 6,000
4,000 | 2,000 80,000 7,000
6.000 2,000 100,000 8.000

| 10,000 3,000 125,000 9.000
13,000 3,500 150.000 10,000

| 17.000 4,000 200,000 12,000

| 22,000 4,500

E"ample : What fire flow and storage are required for fire
Protection (10 hr) in a city of 200,000 population according

o the recommendation of the National Board of the Fire
Underwriters?
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Total fire flow= 13,000 x 60 x10= 7,200,00;

Solution @

rallons. | -
;his amount should be kept in the storage reservoir in

addition to the reserve for normal use during thc.e fire. |
The computed quantity of water to be prOVldefﬂ for
demand is then divided by the estimated population of the_
city or town to obtain the provision to be made per. persop
for fire fighting, The quantity of water required for fire
fighting should always be stored in the distribution reservoir
below its normal low water level. The required number of
hydrant are to be located at suitable point in the distribution
system to allow the specific number of streams to play upon

the fire at a time. Fire engines are to be kept in readiness at

different parts in the city. They are summoned to draw the

water from the hydrants and to deliver it in the form of
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~ ahout 400 ft hydrants should be so spaced that each section
of the community can be conversed with hose from two or
more hydrants. The National Board of Fire Underwriters
recommends a spacing of about 200 ft. for a community of
25.000 to 30,000 population requiring a fire flow of 5.000
gpm and a spacing of not more than 300 ft for small
copmmunites requiring only 1,000 gpm for fire flow.
Hydrants are generally placed near the curb line but far
enough from it to be protected from normal traffic hazards.
Fire hydrants are usually made of cast iron with bronze
surface. It is frequently desired that a gate valve be placed
on the connection to the distribution' system, in addition to
the main valve on the hydrant. A rain for emplying the
barrel of the hydrant when it is closed is essential in a cold
climate to prevent the freezing of the hydrant. The drain
should be connected to a drainage channel (storm sewer).
The National Board of Fire Underwriters requires that the
hydrants shall be able to deliver 600 gpm with a loss of not
more than 2.5 psi in the hydrant and a total loss of not more
than 5 psi between the street main and the outlet ; they shall
not have less than 2.5 inch outlets and also a large suction
connection where engine service is necessary- They shall be
of such design that when the hydrant barrel is broken off the
hydrant will remain closed. Street connections should not be:

less than 6 inch in diameter and shall be gated.
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Fig. 2.1 Fire Hydrant

The size of fire hydrant is designated in terms of the mini-
mum opening of the seat ring of the main valve. It must be
at least 4 inch for two—2]/2 inch nozzles, at least 5 inch for

. . | PEe?
three-2'/, inch nozzles, and at least 6 inch for four-2 = inch

nozzles. The rate of discharge from a hydrant can be
approximately determined by the expression;

Q=27dp*’
where

Q=flow, gpm.
d = diameter of the hydrant nozzle, inch,
P = gauge reading, psi.

-Fire hose 2'7, inch in diameter and 100 ft long with a lé'

inch nozzle wil deliver about 240 gpm- with a nozzle
pressure of 60 psi and a hydrant pressure of about 85 psi.
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The flow will be less for longer lines or for lower hydrant
pressures. To deliver 240 gpm, a hydrant pressure of about
105 psi must be provided for 200. fi long hose, 125 psi for
300 ft and 145 psi for 400 ft.

1.6 Variations in Water Use :
Water consumption changes with the seasons, the days of
the week, and the ho_ur of the day. There are major seasonal
peaks during summer heat and drought when large volumes
of water are drawn to refresh man and his domestic animals.
watering lawns and gardens, and to cool air-conditioning
equipments. In midwinter the average daily use is usually
about 20 per cent lower than the annual daily average. while
in summer it may be 25 to 40 per cent above the daily
average. Scasonal industries (such as canneries) may cause
wide variation in water demand during the year. Within any
day there is much less use at night than during daytime
hours (Fig. 2.3;. Day to day variations reflect household and
industrial activities. Hour to hour fluctuations produce a
peak between 6 to 10 A.M. and a trough (lowest
: consumption; between midnight to 5 AM. Normal
| variations in water use must be known if supply pipes.
service reservoirs and distribution pipes are to be properly
d,in_l'ensioned. Moreover, there must be suitable allowanccs
for sudden, heavy and unpredictable water demand for fire
: fighting. The annual volume of water used for fire fighting

's small, but during fires the rate of use may be quite high.
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Fig. 2.2 Typical Hourly Variation In Water Consumption

Variations in water use are conveniently expressed as

follows : -
Maxinum daily flow = 1.5 to 2.0xaverage daily flow (2.4)

Maximum hourly flow= 2.0 x maximum daily flow or

2.0 to 3.0xaverage hourly flow (2.5)
Minimum daily flow= 1/3 to 2/3xaverage daily flow. (2.6)

2.7 Estimates of Water Use ,

The first step in the design of a water-works system is il

estimate of the requirement for water.

Ordinarily an ‘average
of 145 gpcd '

is assumed, but this figure may be"altered

considerably by Jocal conditions. Previous records in the

City under study or data from similar cities in the area ar®
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the.beSl guide in selecting a value of per capita use for
design.

After deciding on an average per capita requirement, an
estimate of the future population of the city must be made to
determine average total use. The economic aspects of the
problem determine how far into the future the population
estimate should be projected. The basic question to be
“answered is @ Is it cheaper in the long run to design and
build the system to meet the demand expected at some
future date, or to build now for a short time and plan to
make additions as future needs develop ?" The answer is
often a compromise. Some portions of the project may be
more economically built to ultimate size immediately.

2.8 Prediction of Population :
The present population may be obtained from recent census

with reasonable alterations. Future prediction is based on
e of the city, and its environment, commerce

and industries and their expansion development of
surrounding countries, €tc. Helpful in predictions will be the
study of population trends of similar cities and consultations
with local people and officials. The following seven
methods are generally used for predicting population :

(1) Uniform Growth Rate Method : In this method. a
constant increment of growth is added periodically. For

example, if the population increased from 90,000 to 100,000
d increase by an increment

the knowledg

in a period of five years, it woul
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of 10.000 in the next five year period. This method is g |

known as the Arithmetical Progression Method. |
(2) Uniform Percentage Growth Rate Method : In’thjg |

method, a constant percentage of growth is assumed fo, !

equal periods of time. For example, if the populatiop ‘

increased from 100.000 to 110,000 during the past decade,
it would increase 10 per cent to 1,21,000 during the next
decade. | |

(3) Decreasing Growth Rate Method : This method jg

similar to the uniform percentage growth but with ap

arBitrary assumption of a decreasing rather than a constant
rate of increase.

(4) Graphical Extension Method : In this method, the

Ppopulation time curve is extended into future date by eye-

estimation. This method is also known as the Curvelinear

method.

(5) Graphical Comparison Method This method
-Involves the extension of the population-time curve of the
‘City under study into the future based on a comparison with
Population time curves of simj]ar cities. In the this method,

the population-time curyes are plotted as indicated in Fig.
.2.3 with the curves for al]
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‘method. This method gives promise of a reliable prediction
as it is based on a logical study of the past and future
copditions. This method is. also known as the Modified
Cl;rvelinear Method. |

In Fig. 2.3. the population-time curve for the city A, is
plotted upto the 'year 1960 in which its population was
40,000. City B reached 40.009 in the year 1930, so its curve
is plotted from the year 1930 onwards. Similarly, curves are
drawn, for cities C, D, and B from the year they reached As
population of 1960 ; i.e., 40,000. The curve of the city A
can now be continued allowing it to be influenced by the
rates of growth of cities B, C, D and E.

100r /
| 8/ o/
0 / ]
o : i
A
ki YV A%
:” VA
o "1
lE 70
R AL
! 60 // "
i= ) 7%
2 50 o
3 'z
&
o, 4 |
1
30 : /""
20 - ' 1980 2000 2010 A
1900 1920 w0 . B 1950 1970 "
1920 1940 1960 5
bl 1940 1960
Prediction

F‘B 23 Gf‘aphlca Comparison Method of Population .
- (6) Empmcal Method: The following empirical formula
was suggested by Hardenberg © :
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Pr="P(1+r)" (2.7)

where ' f =future population
"P =present population
r =*probable rate of yearly or per decade increase
n =number of years to be considered. 3
When the population data of the past decades are available
the average value of r can be computed from the followin

expression

n
= A -1
\ P,
where P, and P, are the population data at two dates of n.

number of years.

This method should be used carefully as it may give

Example : The population of a city was 124,000 in 1960
.and 156,000 in 1970. (a) What was the annual rate of
increase? (b) What will be the probable population in 19807

Solution: (a) Here, P\ 124,000, P,= 156,000 and n= 10.

r= 136000 |
d124,000 =1.023-1=0.023

(b) In this case, P, =156,000, r=0.023, and n=20
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b, 156,000 (1+0.023)=246,000 Ans:

(7) Least Square Parabola Method: In this method, the

populmion-lime curve is assumed to be parabolic.

Let the variables X and Y denote respectively the year and
the population during that year. The equation of the least

square parabola fitting the data (census data for a number of o

decades ) is

where a, b and c are constants and are to be found from the

following normal equations by applying the actual data :
TY=aN+bTXHCIX? oo ieesseneenns (2.10)
| DAETVREIHI G W, B (2.11)

DI G G35 GIET 1) 30 I 19,20, QA 2 12)
-~ where N = number of observations or sets of data.ll

If the populdtion data of the city under study for a number
of decades are known, then by solving the simultaneous
‘Egs. 2.10, 2.11 and 2.12 with the given' data, the values of .
 the constants a, b, and ¢ in the Eq. 2.9 can be computed, and
the desired equation of the least square parabola can be
found out. Then from this equation, the population at any. -
future date can be computed.

IF-4
h 49

Scanned by CamScanner



Water Supply

ill gi clear pictyy
" The following worked-out example will give a p

of this method.

Example : Table 2.7 shows the population of a countg

70-1970, in ten yean intervals, (a) Fin

s tting the data i

the equation of the least squarc parabola fI

s oiven in the Tab]
Compute the trend values for the years given In )

2.7 and compare with the actual values, (c¢) Estimate th

population in 1980 and 1990.

TABLE 2.7

Year 1870(1880]1890{190011910{1920 11930 {1940 {1950 |1960 {1970

.' Population |
.. 23214 39.8550.2 629 [76.0 192.0 [105.7[122.8/131.7 '
(million -151.1°

Solution: It is convenient to chose X so that the middle
1920 corresponds to X=0, and the years 1930, 1940, 1950

1960, 1970, and 1910, 1900, 1890. 1880. 1870 correspont

" 191,72 3. 4,5 and -1, -2, -3, -4
choice, ¥X and ¥ X3 are ZEero
2.12 are modified.

-5, respectively. With thi
and the Eq. 2.10, 2.11, ant

;f;e Work involved in computation . Tzilbﬂl'
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TABLE 2.8 |
#;;:;— X Y X? X X' | xy X2y
EJL S5 23.2 25| -125| 625]-116.0 580.0
1880 4| 31.4| 16| -64| 256|-125.6| 5004
1890 3| 398 9 27| 81| 119.4] 3582
000 | -2| 502| 4]  -8] 16]-100.4| 20038
o0 | -1 629 1l -1l 1] -629] 629
1920 of 760 o 0 0 of 0

1930 1| 920 1 1 1| 92.0] 92.0

1940 2| 105.7] 4 8| 16| 211.4| 422.8

1950 31 122.8] 9] 27| 81| 368.4[1105.2

1960 4/ 1317 16| 64| 256| 526.8[2107.2

1970 51 151.1] 25| 125 625| 755.5(3777.5

Sum YX=0 Y Y= 886.8 ¥X=110 ¥X’=0 ¥X'=1958 ¥ XY=

1429.8 TX*Y= 92090

Using the results in the Table 2.8, the normal Egs. 2.10,
2.11, and 2.12 become

[1a+110c = 886.8  (2.13)
110b=1429.8 (2.14)
110a+1958¢=9209.0 (2.15)

From the Eq, 2.14, b = 13.00, and from the Egs. 2.13 and
2.15a=176.64,

and 8=76.64 and c= 0.3974.
() The required equation is
= 76.74 413.00X+0.3974%
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where the origin X=0 is first January, 1920 and the unit of X
is ten years. :
(b) The trend values, obtained by placing X=- 5, -4, - 3, 2

1,0, 1,2, 3, 4,5 in the Egs. 2.16 are shown in the Tab]e,
2.9-together with the actual values. It is seen that th&

agreement is satisfactory.
_ TABLE 2.9 .
Year | X=-5X=4X=-3X=-2X=-1X=0X = 1X=2X =3X = 4X=5X |
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970
Trend | 21.631.041.252.264.076.6 90.0 104.2 119.2 135.0 151.6
Value
Actual | 23.231.439.850.262.976.0 92.0 105.7 122.8 131.7 151.1
Value

(C) 1980 corresponds to X=6, for which

Y =76.64 +13.00 (6)+0.3974 (6)* = 168.9 million
1990 corresponds to X =7. for which

Y= 76.64+13.00 (7) +0.3974 (7)* = 187.0 millior,
2.9 Population Distribution and Density:

Estimates of the total population of a city or a town arle
needed in the design and management of water suppl)’
system. Distribution of water and collection of waste-water

within the area call, in addition, for estimates of populatlon

density and nature of occupancy and use of component

areas of the city. Population density is generally expressed
as the number of persons per acre. A classification of areas
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and expected population densities i shown i the T
e
. 0. able

'i
Table 2.10 : Typical Population Densities
P —

l Density |

Al.ealclasmﬁcat:on persons  per

acre

1. Residential Areas
(a) Single family residences, large blocks 10-20
(b) Single family residences, small blocks 20-40

(c) Multiple family residences 40-130

(d) Apartments or tenement houses 100-1000 or more
F 2. Commercial areas 15-40

3. Industrial areas 10-20

4. Total, excepting parks, playgrounds, graveyards, etc. ~ |10-50

- In Bangladesh, the following is the population density :
P Residential Areas Population Density :

- Single family high cost pucca residences @ 25-50 per acre
Single family low cost pucca residences . 50-100 per acre

| Katcha type residential areas . 75-150 per acre:

- MUIIi-family high cost residences :100-200 per acre
Muhi'fam“}’ low cost re-sidences . 150-400 per acre

L

gmss City-Wise Population Density in Bangladesh :
[ Sropolitan citjes like Dhaka and Chittagong 100-150 per acre

|
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Smaller cities like Comilla, Khulna, Rajshahi,

Mymensingh,Faridpur and Sylhet

Towns like Natore, Bhola

Population density is expected to vary from 25_persons
" 400 persons per acre in various types of residential areas a

70-120 per acre
50-100 per acre

~ over Bangladesh.
2.10 Essential Elements for Designing a Water Supply
System for a City :
Most water supply systems include relatively massii{'
structures (dam, intakes, reservoirs, treatment plan_'-
distribution systems including overhead water tanks,
that requiré a long time in construction and are not
and readily expanded. Accordingly, the principal system
components are purposely made large enough to satis'
community needs for a reasonable number of
Selecting the initial or design capacity is not very simple. It
calls for skill in predicting social and economic trends and @
sound judgment in analyzing past experience and predictin;
future requirements. Among the needed estimates are the
following :
(1) The number of years, or design period for which the
proposed water supply system and its component
and equipment are to be adequate.
(2) The numb

structures

er of people, or design population. to be
served. | | ,
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(3) The rates of water use, or desing flows, in te
rm

capita water consumption including industrial, ¢
and fire requirements.

S of per
mmercig]

(4) The area to be served, or desing area; and the allowan
ce

to be made for population density and areq water

consumption from residential, commercial and industrig]
districts. |
.11 Design Periods and Water Consumption Data Required :

Design periods are chosen with the following factors in
mind :

(1) Useful life of component structures and equipment
taking, into proper account of wear and tear.

(2) Ease or difficulty of extending or adding to the _exi'sting
and planned works, ihcluding a 60nside_ration of their
location. _

(3) Anticipated rate of population growth, including

possible shifts in community, industrial and commercial
development.

(4) Fund available.

(5) Performance of the works during their early years when
they will not be loaded to theéapacity.

~ Thus, it is seen that the economical period of design of a -

structure of a water works is related to its length of life,
nitial cost, ease and cost of increasing its capacity, and
Possibility of obsolescence. In connection with the design.
Water consumption at the end of the design period must also

55

Scanned by CamScanner



Water Supply

.. e waterworks require different

be estimated. Different units of waterworks requl feren
rates of consumption for design.

water consumption data

as follows :

required
Design periods and q

commonly employed in practice are
(1) Source Structures : The design period will depend

upon-the type of source. In case of groundwater. 1t 1S easy 1o

drill additional wells, the design peripd be short, usually 10

to 15 years. If a dam or an impounding reservolr 1s to be

constructed for surface-supply. it is very difficult and costly
to enlarge and therefore, the design period is considered to
be 30 to 50 years. The design consumption will be .the
annual average. ‘
(2) Intakes and Transmission Lines from Source tg
Treatment Plants : The design period will depend upon the
length of the life, of the pipes and the type of intake
structure used. It is very difficult to eﬁlarge or replace these
units, and generally design periods are long, 30 to 50 years. |
The design consumption will depend upon the amount of |
storage provided in the city. Generally the average annual
consumption is used.

(3) Water Treatment Plants - Design period is usually 20 |
to 30 years, as additions can generally be made easily.

C : :
onsumptions required are annual average, maximum daily.
and sometimes maximum weekly.
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“) pumping Plants : The design period is generally in
between 10 to 15 years, as additions and alterations can be
Jone easily. Water consumptions needed are maximum

Hourly including are demand and minimum hourly,

(5) Distribution Systems : The design period is 20 to 30
‘years as they are easy (comparatively) to extend.
gometimes, distribution systems are designed for indefinite
period and the capacity of the system is made adequate for
the highest development of the portion of the city it serves.

Maximum hourly consumption including fire demand is

Trequired.

: (6) Overhead Storage Tanks : The design period is
generally 50 to 80 years as the construction cost is very high
' but sometimes they are designed for 30 to 60 years because
it is easy to construct additional ones when needed.
Consumptions needed are annual average, fire demand,

maximum weekly and maximum hourly.

(7) Pipes : For pipes more than 12 inch diameter, the design

period is 20 to 30 year as replacement of smaller pipes is

more costly in the long run. For pipes less than 12 inch in

diameter, the design period is upto full development

because requirements may change fast in the limitedk areas.

_ Maximum hourly rate of water consumption is needed.

S7
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QUESTIONS |

1. What a're.some 61" the principal factors affecting water use:

~ BUTE. 62, 66, 69, AMIE, 64, 70 |

| DiSCLlés briefly how the 'q'uantity of water in a water supp]

scheme for a city is determined pointing out clearly th

inﬂuencé of each-factor contributing to its consumptior
BUET, 70, 12. |

3. What ére the different uses of water ? What is meant by fir

demand and how it is computed ? AMIE, 63, BUET, 68, 72

73.

4. Express in terms of percentage of the average consumptios

’ the usual mximum daily consumption and maximum hour.

19

consumption. BUET, 62, 70, 74.

5. State the methods of making a population estimate. Whig
one of the methods, do you think best and why? BUET, 64
66, 70, 72, 73. : |

of a water-works, AMIE, 64, 68, RUET, 65, 70, 72.

7. Explain the importance of population figure in the design of
4 water supply scheme for a city. How is the prediction of
population made for a city and how it is utilized ? BUET,
70. AMIE, 68.

8. The average daily consumption per capita in a town of
30,000 population is 45 gallons for domestic purposes, 308
gallons for industrial and commercial purposes, 12 gal-l()ﬂ
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for public purposes, 25 gallons for loss ang waste. Calculat
- Calculate

' he average daily consumption, neglecting consymn:
umpt
fires. BUET, 68 ption for

Ans. 8,960,000 gals.

~ The population of was 200,000 in 1955 and 233.000 in
1965. Find the probable population in 1990. BUET. ¢4
Ans. 338,000

0. According to Kuichling, how many fire streams may be
called into use at the same time in a city with a population
of 64,000 ? BUET, 72.

Ans. 23
1. Supplied below a chart of population growth of cities A, B,

C, D and E. Applying graphical comparison method
estimate the probable population for the city A in 1995. If
the per capita water consumption ( average ) is estimated to
be 100 gallons per day, determine the capacity (in mgd ) for
which the water-works-for the city A is to be designed. And
10% for fire requirement. BUET, 72

City [ Year | 1950 1955 1960 | 1965 1970
1945

—

Population

6,000 | 10,500 | 14,400 | 21,600 27,500 | 45.400

A
B {16.000]23.000 | 30400 | 45,600 | 52.200 | 61500
| C [36.000 | 46,000 | 54300 | 62,000 | 71,000 | 80,000
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ity i i W. Caléula

12. The population data for a city 1S supplied be-lo -
2. the probable population in 1990 by the following md BUE.._;
. . ® 4 *

(a) Graphical extension and (b) Empirical metho UET

70 .
Year 1930 | 1940 | 1950 1960 1970
' 18.6 26.0
HOpUAID | o | ag | 123
(thousands)

13. Tabulated below are the census figures for a town '.
Bangladesh for the period 1930 to 1970; Estimate the

population for 2000 by the least square parabola method
BUET 66.

Year :1930 1940 1950 1960 1970
Population : 25.0 28.0 33.8 55.8 80.2 (thousands)
14. What are the various classes of water uses? Give the norm‘cﬂ

range and the average water comsumption rate for each of
these classes.

.

I5. Calculate the average, maximum and minimum daily

“consumption of water for a city with a design populatibn Of
0-5 million. BUET. 1972

sl

T N T e
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3 .
GROUND WATER

1 Introduction :

| Ground water forms the major portion of earth's fresh water
supply about 97% of the earth's fresh water supply is stored
in the underground formations. With the increase in
population, the demand for water is also increasing
throughout the world. Effective management of ground
water system is essential to meet the increasing demand for
water. Ground water can be used as a reliable source of
water supply irrespective of the climate. In the monsoon
areas of South-East Asia, ground water may become an
important source of supply especially for irrigation purposes
in the dry months. An assured supply of water can be
obtained from the underground sources even in the desert
areas if the system is properly designed and maintained. The
New Valley Project of Egypt is a good example of proper
use of ground water where surface water was not available.
There are numerous such examples. 94% of all the water-
works use ground water and they supply 77% of the total
water consumed. |

Ground water is a vital source of water supply, especially in
area where dry summers or extended droughts cause stream
flow to slop. Both the surface water and ground water
sources are dependent of each other. Many surface streams
receive a major portion of their flow from ground water.
Elsewhere, water from the surface streams is the main
source of recharge for the ground water, The two sources of
SUPPly are definitely interrelated, and use of one may affect

61

Scanned by CamScanner



water Supply .

he other source. Both surface apg

e fl‘Om t]e - ]
‘ Id be considered together jo
blems shou |
ment of water supply systems.
. vital source of water supply “fo

Ground water 15 4 : rel derlain by
r Bangladesh 1S almost entirely underlain by
BangladeSh.' S at depths varying from zero fy
forty feet below the ground surface (. 1g. 2. f.‘th -
supply of drinking water and a large part ol the 1ITIg .“f
water come from the underground sources. There are abo
I 8;6 000 Govt hand-pump tubewells in the rural areas of
Bannladesh. Besides, there are large diameter tubewells
the municipal areas and numerous privately ~owned
tubewells. Moreover, there are many large diameter deep
tubewells owned by the Agricultural Development
Corporation for irrigation purposes all over Bangladesh. =
History of the water wells is as old as the history of ground
water iteself. Egyptians were known to have used wells
2100 B.C. Wells are also known to have been used a’l
remote periods in ancient Greece, Italy and India,
artesian wells were sunk in China in very early times%
Ancient China possesses the deepest well in the world and it
was known to be 1500 ft deep. In ancient Greece, Italy,

Egypt and India deep wells as deep as 300 ft were used 10
collect ground water for various purposes.
3.2 Sources of Ground Water :

the water availabl
~ground water pro
planning for the develop

The fo-llowing are the major sources of ground water :
Meteoric water, Connate Water and Juvenille Water
Meteoric Water - This includes .
other forms of precipitation. A t
| miles of water falls on

rain, sleet, snow, hail, and
otal of about 26,000 cubic
the continents each year. It is this
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water which fills the soil and upper crust of the earth. It is
the most important source of water used by man.

Connate water : This is the sea water or fresh water
trapped 1N sediments when they are deposited on sea
bottoms OF lakes. Since most sediments originate in sea
water. it is usually salty, it is this source which supplies
water found deeper in sedimentary, strata of the crust.
' Connate water is often found in rock units with oil. This oil
floats on it and rises upward until it is trapped.

Juvenille Water (Magmatic Water) : This water ‘is
produced from voleanic and magmatic activity and during
the processes of crystallization of rock molecules. It 1s hard
" to determine how much of this water is coming to the
~ surface of the earth at present. Many volcanoes are located
~ under water, and many more are found around the margins
" of the oceans. It may be that a large part of the water gets
~into the volcanic vents from the ground or oceans. More,
 than 90 per cent of all materials coming out of volcanoes is
- steam. It has not yet been possible to estimate how much of
 this water that has been recycles back into the volcano from
the surface.

"Sr-lNeed for Proper Development and Management of
| '.Grqund Water Resources :
While some ground-water reservoirs are being, replenished
year after year by infiltration from precipitation, rivers,
..canal_s and so on, other are Being replenished to much lesser
~ degrees or not at all. Extraction of water from these latter

reservoirs results in the continued depletion or mining of the
water,
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Fig. 3.1 Depth of Groundwater in B
Measured from Ground é?lrf:geglachh
(Note: Contour Interval -4 ft)
Scale : 1”-48 miles
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(Ground water also often seepé into streams, thus providing
{he low flow (base flow) that is sustained through the drieg
period of the year. Conversely, if the surface water levels in
streams are higher than those in ground-water Ieservoirs,
then scepage takes in the opposite direction, from the
streams into the ground water reservoirs. Uncontrolled use
of ground water can, therefore, affect the levels of streams
" and lakes and consequently the uses to which they are
'~ pormally put. |
‘Ground-water development presents special problems. The
lack of solutions to these problems have, in the past,
contributed to the mystery that surrounded ground-water -
development and the limited use to which ground water has
been put. The proper development and management of
ground-water resources requires a knowledge of the extent
of storage, the rates of discharge from and recharge to
underground reservoirs, and the use of economical means of
extraction. It may be necessary to devise artificial means of
recharging these reservoirs where no natural sources exist or
to supplement the natural recharge. Research has, in recent
years, considerably increased our knowlegde of the
processes involved in the origin and movement of ground
water and has provided us with better methods of
development and conservation of ground-water supplies.
- Evidence of this increased kriowledge is to be found in the
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i rround-wate
'};reater emphasis being placed on £ ate

development.
Occurrence and Movement of Ground Water :

d factors affecting

An understanding of the processes an
of ground water §

origin, occurrence, and movement

essential to the proper development and use of ground watg

resources. Of importance in determinating a satisfactory raf
of extraction and suitable uses of the water are a knowledgg
of the quantity of water present, its origin, the direction ang
rate of movement to its point of discharge, the discharge
rate and the rate at which it is being replenished. and the
quality of the water. These points are considered in thi§
chapter in as simplified and limited a form as the aims ang
scope of this book permit.
Hydrologic Cycle. The hydrologic cycle is the name givet
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air and clouds. Part of the rain falling to the earth

Jaden

CVaPOI
aumosphere. Of the remainder, some, upon reaching the

grouﬂd surface, wets it and runs off into surface streams

ates with immediate return of moisture ¢ the

finally discharging in the ocean while another part infiltrates
into the ground and then percolates to the ground-water

flow through which it later reaches the ocean. Evaporation
returns some of the water from the wet land-surface to the
atmosphere while plants extract some of that portion in the
soil through their roots and by a process known as
anspiration, return- it through their leaves to the

atmosphere.

|

2 Perculatmn
j LI T Fresh Gruund »
-‘ “"!I‘EI' [ ]

Impermeoble Formation

Fig. 3.2 Hydrologic Cyclé
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Sub-surface Distribution of Water : Sub-surface Wﬂt‘e;
found the interstices or pores of rocks may be divided intg

two main zones. (Fig.3.3). These are the zone of aeratig,

and the zone of saturation.

Evaporation ( Evapo - tronspiration)
l' Infivent Stream Soi]l Moisture Moving [){,‘l
,lyr — Effluent Stream .

T T

L]
""""

. + Aeration . '.

Watertable  *, .7, NV A=

..
=
33333
......
.....
.......
.....

...........
------------------------

Zone of Saturati
(Groundwater) =5

Fig. 3.3 Schematic Diagram Iustrating the Occurrence of
Groundwater
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— few feet in grasslands and field crop areas ¢ several .
ra

et in forests and lands, supporting deap- -rooted plants,
The Capillary Fringe occupies the bottom portlon of the
e of ael ration and lies 1mmedlately above the zone of

saration. Its name comes from the fact that the water in

his belt 18 suspended by capillary forces similar to those

«hich cause water to rise in a narrow or capillary tube

Jbove the level of the water in a larger Vessel into which the

wbe has been placed upright. The narrower the tube or the

po
belt depends upon the texture of the rock or soil and may be

res. the higher the water rises. Hence, the thickness of the

practically zero where the pores are large.
The Intermediate Belt lies between the belt of soil water and
the capillary fringe. Most of its water reaches it by gravity
drainage downward through the belt of soil water. The water
in this belt is called in intermediate (vadose) water.
Zone of Saturation: Immediately below the zone of
%eration lies the zone of saturation in which the pores are
“ompletely filled or saturated with water. The water in the
;E)‘:E f;f saturation is known as Ground Water and is the only
e Dbjeittlbs:lface‘watel that will flow readily into a well.
X one \0 well construction is to penetrate the earth into |
Ming W;’llh a tube, the bottom section of which has
lich are sized such as to permit the inflow of

'\\
dler fro ;
M the zone of saturation but to exclude its rock

69
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s. Formations which cont |
readily yield it to wells are called aquifers. 2
vious formations or strata ar€ termed as aquicludeg
;

particle

Impe |
Aquiclues are hard, compact and cemented rocks such g

limestones and related calcareous rocks, shales, Sar-ldston
and conglomarates. quarzites, slates, schists, granites ang
gneiss. They contain very little ground-water. |

The amount of ground water which can be obtained in
area depends on the character of the underlying aquifer ang
the extent and the frequency of recharge. The capacity of ay

aquifer to contain water is measured by porosity of the
formation. Pores vary,

in size from microscopic openings in
clay and shale to large caverns, fractures, joints, faults and
tunnels in limestones and lava, The Table 3.1 indicates

vanation in porosity for the more common formation
materials, g

;
1¢

70

Scanned by CamScanner



Table- 3.1 Approximate Average Porosity, Specific Yield,

Water Supply

and Permeability of Various Formation Materials.

E Specific
Materials Porosity, | Yield per | Permeability
per cent cent gpd/sq. ft.

-E]:];__ 45 3 1
Sand 35 25 800
Gravel 25 22 15,000
Gravel and Sand 20 16 2,000
Sandstone 15 8 700
Limestone and slate 3 2 1
Quarzite, granite. slate

schist, and gneiss 0.5 0.1

A high porosity does not indicate that an aquifer will yield
large volumes of water to a well. The only water which can

be obtained from the aquifer is that which will flow by

gravity,

3.5 Types of Aquifers

¢ Ground-water aquifers may be

classified as either water table or artesian aquifers.

A Water-table aquifer is one which is not confined by an
Upper impermeable layer. Hence, it is also called an
Unconfined aquifer. Water in these aquifers is virtually at
dlmospheric pressure and the upper surface of the zone of
saluration is called the water table (Fig. 3.3). The water

table marks the highest level to which water will rise in a

71
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well constructed in a water table aquifer. The upper aquifer

in Fig. 3.4 is an example of a water table aquifer.

. . -~ = e =
An artesian aquifer i1s one 1n which the water is confined

under a pressure greater than atmospheric by z-m overlying,
relatively impermeable layer. Hence, such aquifers are also
called confined or pressure aquifers, The name artesian
owes its origin to Artois, the northernmost province of
France, where the first deep wells to tap confined aquifers
were known to have been drilled. Unlike water table

aquifers, water in artesian aquifers will rise in wells of
levels above the bottom of the upper confining layer. This is
because of the pressure created by that confining layer and
is the distinguishing feature between the two types of
aquifers.

The imaginary surface to which water will rise to wells
located throughout an artesian aquifer is called the
Piezometric Surface. This surface may be either above or
below the ground surface at different parts of the same

aquifer as is shown in Fig. 3.4. Where the piezometric

surface lies above the ground surface. a wel] tapping the

aquifer will flow at ground level and 1s referred to as a

flowing artesian well. Where the piezometic@urfacc lics

below the ground surface a non-flowing artesian well results

and some means of lifting water, such as a pump. must be

provided to obtain water from the well. It is worthy of note

here that the earlier usage of the term artesian will reerred

Fi

-
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only to the flowing type while current usage includes both
ﬂbwil‘lg and non-flowing wells, provided the water level in
the well rises above the bottom of the confining layer or the
top of the aquifer.

e el ] g el Recharge Arca
/-"""'"—‘ Flowing l | |

Piezomelric. ... Y Anrtesian Well >
'-S-lfl:l'ﬂtc {‘ - . sees o s

Water

P ol Tabl Lol Lis,
Confining }\hl@; Table / . :‘.
ifer .9
L':ycrl (uhconfined) Z Y,

@%’E?f— 77 . ""“m/
i /////////

Fig. 3.4 TYPES OF AQUIFERS.

Water usually enters an artesian aquifer in an area where it
rises to the ground surface and is exposed (Fig 3.4;. Such
exposed area is called a recharge area and the aquifer in that
area, being unconfined, would be of the water table type.
Artesian aquifers may also receive water underground from
leakage through-the confining layers and at intersections
with other aquifers, the recharge areas of which are at
ground level,

' Aquifer Functions : The openings and pores in a watet
bearing formation may be considered as a network of

Interconnected pipes through which water flows at very

73
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1 a few feet per day, from arey

harge. This network of pipe,

13
slow rates, seldom more tl

disc
of recharge to areas of

ide-both storage
therefore, serves 10 provide-bot

unctions 1 et
conduit functions 1n an aqu

i 4 f an
age function o
ion : Related to the stor
Storage Function :

aquifer are two important properties known as porosity an
ific yield.

;ﬁfet;f;ijsliiy of a water-bearing formation is.that perc-entage
of the total volume of the formation which consists (.Jf
openings or pores. For example, the porosity of one cubic
foot of sand, which contains 0.25 cubic foot of open spaces
is 25 per cent. It is, therefore, evident that porosity is an
index of the amount of ground water that can be stored in a
saturated formation.

The amount of water yeilded by or that may be taken from 2
saturated formation is less than that which s hold; and is
therefore, not represented by the porosity.
related to the property known as the
defined as the volume of water released

of the aquifer material when allowed
gravity.

This quantity is
specific yield and
from a unit volume
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B i fic yield and the specific retention. An aquifer with a
porosity of 0.25 or 25 per cent and a specific yield of 0.10
o 10 percent would, therefore. have a specific retention of
0.15 or 15 per cent. One million cubic feet of such an
aquifer would contain 250,000 cubic feet of water of which
100.000 cubic feet would be yielded by gravity drainage,
Conduit function : The property of an aquifer related to its
conduit function is known is the permeability.

Permeability is a measure of the capacity of an aquifer to
transmit water. It is related to the pressure difference and
velocity of flow between two points under laminar or non-
turbulent conditions by the following equation known as

Darcy's Law (After Henry Darcy, the French Engineer who
developed it:.
= KU""I_ e e e —————— (3.1)

where V is the velocity of flow in feet per day,

V

hy is the pressure at the point of entrance to the section of
pipe under consideration in feet of water,

hy is the pressure at the point of exit of the same section in

feet of water.

is the lenth of the section of pipe in feet. and
is.a constant known as the coefficient of permeability

but often referred to simply as the permeability.
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|
—

(Fig. 3.5)
Equation 3.1 may be modified to read as
V=K28
h—h, - ; ;
where S = 1 =and is called the hydraulic gradient.

The quantity of flow per unit of time through a given cross
sectional area may be obtained from Fig, 3.2 by multiplying
the velocity of flow by that area. Thus,

Q=AV=KAS (3.3)
where Q is the quantity of flow per unit of time

and A is the cross sectional area. _

Based on Eq. 3.3 the co-efficient of per.meability may,
therefore be defined as the quantity of water that will flow
t1.1rough a unit cross sectional area of porous material in unit
time under a hydraulic gradient of unity (or § = 1,0) at 8
specified- temperatyre usually taken as 60°F. In 'gl‘Ol'“d
water problems, Q is usually expressed in gallons per day h
(g?.d)' Ain square feet (sq ft.). and K. thercfore, in gallons
Perday per square foof (gpd./sq ft) The coefficient of
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pcrmcahilit)’ can also be expressed in the metyi systenf
using units of liters per day per square meter under g
hydraulic gradient of unity and at a temperature of 15.5=C.

It is importent to note that Darcy's Law in the form shown

in Eq. 3.3 states that the quantity of water flowing under
laminar  or non-turbulent conditions varies in direct
'pmporlion to the hydraulic gradient and therefore, the
pressure difference (h;-h,) causing the flow. This means that
doubling the pressure differencs will result in doubling the
flow through the same cross-sectional area. By definition.
the hydraulic gradient is seen to be equivalent to the slope
of the water table for a water table aquifer or of the
piezometric surface for an artesian aquifer.
Considering a vertical cross-section of an aquifer of unit
width and having a total 1hfckness m, a hydraulic gradient,.
S, and an average coefficient of permeability, K, we see
from Eq. 3.3 that the rate of flow, q, through this cross
section is given by.

=KnS | (3.4)
The product K,, of Eq. 3.4 is termed the coefficient of
fransmissibility or transmissivity, T, of the aquifer. By
further considering that the total width of the aquifer is W,
then the rate of flow, Q,. through a vertical cross section of
the aquifer js given by.

Q=qW=TSW _......coooorrrrn (3.5)

17
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Yhe coefficient of transmissibility is. therefore, detined as

' that of flow through a vertical cross-section of an aqllil'ufl' of
unit width and whose height is the total thickness of the
aquifer when the hydraulic gradient is unity. It is expressed
in gallons per day per foot (gpd/fc) and is equivalent to the |
product of the coefficient of permeability and the thickness
of the aquifer.

Factors Affecting Permebilily: Porosity is an important
factor affecting the permeability and, therefore, the capacity
of an aquifer for yielding water. This is clearly evident since
an aquifer can yeild only a portion of the water .that it
contains and the higher the porosity, the greater is the
volume of water that can be stored. Porosity must, however,
be considerd together with other related factors such as

particles size arrangement and distribution. continuity of
pores, and formation or stratification.

The value of the permeability, K, can also be determined

from the laboratory analysis of the soil samples from the
aquifer by the following formula :
G & (3.6)
where d effective size of the particles= D
and C = a constant, value varies between 100-120.
The Table 3.2 shows the value of the coefficient of
permeability for various effective sizes and porosities.

Spring: A Springs may be regarded as outcrops of ground
water which often appear as small water holes at the foot of

78
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e hills or along river banks. Springs are generally of two
wypes (1) Gravity Spring and (2) Artesian Spring,
' Table 3.2 Co-efficient of permeability

| Effective Porosity, | Co-efficient of permeability
sizemm | per cent gpd/sft

0.10 25 60 70

' 30 130 145
35 250 275
40 450 500

0.20 25 240 280
30 520 580
35 1,000 1,100
40 1,500 2,000

0.30 25 540 630
30 1,170 1,305
35 2,250 2,475
40 4,050 4,500

0.40 25 980 1,120
30 2,080 2.320
35 4,000 4.400
40 7,200 8,000

0.50 25 500 1750
30 3,250 R
5 - 6.250 6,875
40 11,250 12,500
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The gravity spring may result either from the out-croppinlé

of an impervious stratum underneath the water bearmg
formation (Fig. 3.6) or from the overflow of the water tap],

by the continuous rise in ths water table into the sides of the
valley (Fig. 3-7)

The yeild of the gravity springs varies with the position of
the water table or of rainfall and is, therefore uncertain.
The artesian spring (Fig. 3.8) is one resulting from the water _
bearing stratum being under pressure, underlain ang
overlain by impervious strata. Water flows to ihe surface
through the weakers spots in the upper impervious stralu, |
either some fault or cervice in the rock.. The yield of the |

artesian spring is more uniform and almost constant
throughout the year.

Hot Springs : Springs that bring warm or hot water to the

earth surface are called hot springs, thermal springs or warm

spiings. A springs is usually regarded as a thermal or hot
springs if the temperature of its water is about 15°F hj gher

than the mean temperature of the 4y There are many hot |
springs all over the: world. In Bangladesh, there is a hot

spring at Sitakundu in the Chandranath Hjj)

| Rangﬂs
Chittagong. Most of the hot springs derive their lie

at from
masses of magma that have pushed their way into the crust

almost to the surface and are now cooling. .In some areas.

the circulation of ground water carries it to depths grea
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cnough for it to be warmed by 'Fl1e normal increase in earth's

terior heat:

Geysers A geyser (guyzir) is a special type of hot spring
that ejects water intermittently with considerable force. The
word “geyser’ comes from a name of a spring of this type in
eland geyser, probably based on the verb "geysa" meaning

E wush furiously". Geysers result when water accumulates
in vertical underground chambers where it is heatced. The
pressure of the overlying water causes the boiling point near
the bottom to rise The heating also causes the column of
water to expand and spill over near the top. This reduces the
pressure, and the superheated water at the bottom flashes
into steam and causes the geyser to erupt. This process is
repeated more or less periodically in a geyser. All ground
water contains dissolved minerals and the hot water
contains, in general, more, Thus, hot spring and geysers
commonly deposit calcite and other minerals. |

The Old Faithful Geyser in Yellowstone National Park in
America is a very famous one. Since its discovery in 1870
this geyser has regularly spurted forth about 10,000 to
15,000, gallons of steam watér and to an average height of
150 ft about once every two hours. The entire display lasts
about four minutes. Very few geysers are as regular as the
Old Faithful, but many other geysers are known, and the
nature of thejr activity is similar. Outside America, other

31

Scanned by CamScanner



Water Supply

areas of geyser activity are found in, Iceland, New Zealapg

and Australia.

Impervious Stratum

Fig. 3.6 Gravity Spring Rcéulting from the Outcropping of
Impervicus Stratum

Fig. 3.7 Gravity Spring Resulting from the Overflow of

Rising Water Table

Fig. 3.8 Artcsian Spring
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]

Ground Water Geology : The wide variation in texture and
stratigraphy of the earth's crust is reflected in the manner of
occurrence of both free and confined ground waters. The
water table may be several thousand feet down. Ground
water may flow through caverns, crevices, and solutioﬁ
passages at velocities comparable to the velocities of
turbulent surface streams (1 or more fps), or it may move in
laminar flow through the capillary interstices of soils and
rocks at velocities of only a few feet a year. Aquifers may
be thick and isotropic (possessing the same properties in all
directions) as well as homogeneous, or they may consist of
a variety of layers, lenses, and tortuous bands of different
materials. Detailed acquaintance with the geology of ground
water areas is essential to a knowledge of the capac'ity of
water-bearing formations. Surface geology and exposures
by mining, quarrying, and related operations must be
supplemented by well logs. These are records of the nature
and depth of the strata encountered in sinking wells.
Combined with measurements of capacity, logs furnish the

most important information to be had without the aid of
_test-well or geophsyical reconnaissance.

Geologically, the earths crust is made up of rocks, and soils.
The rocks are igneous, sedimentary, and metamorphic in
origin, the soils are- derived from the rocks by weathering of !

rock exposures. T e

=

& . e e
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Water-bearing Rocks : The intrusive igneous rocks aré_:_-' |

dense in texture and would be barren of water. The
extrusive igneous rocks may be very porous and COl‘ltain‘j
cracks, boles and extensive caverns. Some lava formationg |
yield water in abundance.
Of the four common varieties of sedimentary rocks
(Limestones and related calcareous rocks, shales, -
sandstones, and conglomerates), the limestones are usually =
dense and, impervious. However, they are the most soluble

of all rocks and where they have been subjected to the
leaching action of water containing dissolving carbon
dioxide or organic acids, they are honeycombed by solution
passages and caverns. Underground streams and lakes are
formed in the course of time and these may overflow at the
surface to create large springs. Shales, produced by the

consolidation of clays, are generally impervious and act as

‘aquicludes. Sandstones, by contrast may be Very pervious.

Their water-bearing capacity depends upon the extent to
which the pores of constituent sand grains are filled with

cementing materials. Quartzites, composed of silica sands
completely fi

lled with cementing siliceoys materials, are
like granites

In  density and Imperviousness; loosely
cemented sandstones are amon

aquifers. The water-
_cemented heterogen

conglomerateg varie

g the most productive
bearing capacity of the consolidated or
Ous mixtures of materials that constiute
S considerably. As a rule, they are quite

84
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ijoht. Good aquifers are sometimes encountered ip
limestones and sandstones at depths in excess of g mile
However most ground water developments are Jess th

2000 ft deep.

an

' None of the metamorphic rocks is an important water
' producer. Marble. like the limestone from which it is
created. 1s soluble and may vield water from solution
channels. Slates and schists. which originate in shales. are
relatively impervious but they transmit some water along
joints, cleavage cracks. and fractures. Gneiss resembles. in
its structural and water-bearing properties, the intrusive
granites from which is generally derived.

‘Water-bearing soils : Although the water-bearing rocks are
important source of water, the areas served by them are
small within Bangladesh as a whole. Greater yields of water
are derived from the soils of the over burden strata in which
free and artesian conditions of flow exist.

Sands and gravels are by far the most important water-
bearing soils. They have high specific yields and
permeablities *and are ordinarily so situated that
*plenishment is rapid. Uniform or well-sorted sand and
gravels are the most productive; mixed materials containing
clay are least, for example, boulder clay deposited beneath
dce  sheets. Transported material is generally more
Permeable than material in immediate contact with the

other rock, Most sand and gravel beds have been
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deposited in shallow, active water . (1) In seas, lakes, o

river beds as alluvia, (2) at the mout
cones, or (3) along, the edge ot ret
outwash plains. Because the origin O

depth and motion of the transporting
time, the deposits generally include alternating layers of

varying size and grading. Beds deposited is lakes and seas
are often extensive; outwash cones or river channels usually
contain relatively small lenses of sand and gravel confined

h of canyons as outwash
reating ice sheets ag
f these soils and the

water have varied in

between layers of less previous materials.

Clays and silts, although porous, are generally quite
impervious. They are poor aquifers and significant only (1)
when they confine or interfere with the movement of water
through the more pervious soils, and (2) when they supply
water to permeable formation by consolidation.

Where rock outcrops at the surface, the rate of water intake
is likely to be small, if, on the other hand, the rock is
covered by porous and permeable soils, the rate of
infiltration is often good, and the overburden becomes, in a
sense, a reservoir from which water feeds steadily into the
underlying rock. The thicker the water bearing mantle, the
greater, in general, is the safe yield from rorks as well @
from the soil itself, Topography is also important. The
steeper the slope, the more effectively does it shed rainfal
and run off from melting snow. Valleys and outwash plain

and cones not only accumulate the heaviest overburden but
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- ordinarilb.’a areas of least SlO]'JS. and so in a position
(o intercept and retain abundant quantities ground water,
I pangladesh, hard rock formation is scare. It is found in
ome  parts of Sylhet (Sunamganj) and Chittagong:
(Sitakundu and Mirersarai) and in major parts of Chittagong
Hill Tracts. The rest of Bangladesh possesses deltaic
formation of alluvial deposits. Three mightly rivers the
padma (Ganges), the Brahmaputra and the Meghna with
I their network of tributaries pass through the deltaic region
of Bangladesh filling the lands with alluvial deposits and
other unconsolidated materials such as sand and gravel
. which these river carry with them draining the Himalayan
ranges. The thickness of these stratified alluviun in the
entire area exeeds 100 ft. The continuous layers, although
containing occasional lenss of clay occur at depth varying
from 50 to 300 ft. Gravel is frequently marked with fine to
medium sand. Coarse sand is found rarely and is thin layers.
Within the stratified aquifer, occurence of medium sand is
the maximum. The average rainfall in Bangladesh is 93
inches of which 90% of rain falls during 6 months
commencing from May to October, inundating all the
farmland and sometimes about 90%; of land by flood. The
a¥erage slope of the country varies about 16 inches per mile
“north to south in the northern zone and about 3 inches per
Mile in the rest of the plain areas. The land elevation 1s
about 200 ft in the northern plains and 50 ft in the middte - -
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( above mean S€a level at the coasty

plains and a few fe€

plains. | N
Having all these tOpographlcal and hydr

gical conditiong

ladesh contain water more or e

ble. But all strata do not contajy
t give Wate

(he soil strata in Bang

everywhere below water ta
sufficient water that can be Ipumped or may no

g time. By proper exploration programme, it is

for a lon
possible to get information about the aquifer characterstics

and to locate best aquifers in major parts of Bangladesh.
3.7 Groundwater Hydrology :
In the study of a particular groundwater source, surface
collection areas and underground conduits and reservoirs
must be identified and hydrologic behavior of the system
must be discovered. Estimates of safe yield requir
~ evaluation of the following factors: (1) the quantities of
water adde-d to the formation by infiltration of rain, melting
snow and ice, and surface waters, (2) the volume of water

stored' within the isolated System as measured by the
porosity, thickness and area] extent of the water

! -bearing soil
or rock formation, (3) the rate at which the ,
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iime. the effect of pumping, or other induced with drawa| of
iwatel‘ from the ground must be taken into account,
Withdrawal upets the natural hydrologic and hydraulic
palance, water levels fall, directions of movement change.
return of water 10 the surface or to the atmosphere by
natural processes may be reduced, and infiltration may be

increased. |
General Hydrologic Equation : Hydrological equilibrium
is expressed by the following equation :

YR =T DHAR .. hiimnennisbinis (3.7
where YR denotes the various hydrological factors of
recharge and 2D those of discharge; AS being the
associated change in storage volume. More specifically, the

recharge is composed of :
1. Natural infiltration derived from rainful.and snowmelt.

2. Infiltration from surface bodies of water.
- 3. Underflow. | |
4. Leakage through confining layers or water displaced
from them by compression.
5. Water derived from diffusion, charging and water-sprea-
ding operation.
Conversly, the discharge includes :
I Evaporation and transpiration.
2. Seepage into surface bodies of water.
3-| Underflow.
4. Leakage through confining layers or absorbed by then

 through the reduction of compression.

89
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5. Water withdrawn through ~ wells and mﬁhratlon‘_g

galleries. The hydrological inventory of a water"

producing area includes, in ad
q. 3.7, a consideration of rainfall and.

dition to evaluation of the

three terms in E
surface run off. The larger the area, the greater are the:

difficulties of obtaining accurate measurements or close

estimates of inventory components. 9
Recharge and Discharge : When the bulk of the water§
received by an aquifer is derived from surface streams by
infiltration, the progressive reduction in surface flow along
the water course is the principal measure of recharge. The
intake of rain and melting snow is more difficult to
determine. It requires a knowledge of losses by evaporation
and transpiration and of the water needed to satisfy the field

moisture capacity or specific retention of the soil

The amount of water entering the ground from diffusion

charging, spreading, and recycling operations is generally a

matter
’ ter of record or cap be made o Discharge of
groundwater by Cvapotranspiration

. ‘ . iS C
formations in which the capillary fringe onfined to

rises to the root

determi MS and may be
hed from changes iy dry weather f 1 .
stream course. The Ow along
amount of wae, withd |
ground water works rown through

1S read from —
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'oth- The difficulty of evaluating the degree of leakage and -
- derflow does not lessen its importance.

torage : The volume of water within a saturated formation
'frock or soil equals its pore space. This is generalized in
.: erms of the porosity. Table 3.1 shows the porosity of
various type of water-bearing rocks and soils. Not all the
ater stored in geological formationg can be withdrawn by
nomral engineering operation. Accordingly, there is a
difference between total storage and a useful storage. The
quantity that will drain off gravitty is called the specific
yield, its counterpart is the specific retention. Specific yields
vary from zero for plastic clays to 30% or more for uniform
sands and gravels. Most aquifers have specific yields of 10
0 20%

The variation in the storage of an artesian basin is generally
mall. It is sometimes expressed as a storage coefficient or
ratio of the volume of water released from the full depth of
the aquifer through a unit area of its base when the
piezometric surface of the basin drop, drops by a unit of
height. The range of values lies between 0.00005 and 0.005.
Along with leakage though aquicludes, the relative volumes
are small, but the associated absolute magnitudes may be
appfﬁ:’?lable when areas and pressure difierences arc large.
Storage  coefficients and specific yields ~become
Substantial]y identical when ground-{vater conditions arc
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< relatively large and deficits may p,

Ground storage i _ :
1 years. Ultimately. howeVver they myg

incurred over many

be offset by recharge. £ the source 1S not to fail. |
3.8 Quality of' Ground Water: Generally, the opening throug
| ~ iy the ground are VELy small. Thj

which water flows .
e of flow while at the. sam

considerably restricts the rat

time, providing a filtering act
These properties, it will be seen

ion against particles i

suspension n the water.
considerably  afffect  the physical, ~chemical and
microbiological qualities of ground water.
Physical Quality : Physically. ground water 1s generally
clear. colourles, with little or no suspended matter, and has
relatively constant temperature. This is attributable to s
history of slow percolation through the ground and th
resulting effects earlier mentioned. In direct contrast
surface waters are very often turbid and contair
lconsiderable quantities of suspended matter, particularly
when these waters are found near populous areas. Surfact
water are also' subject to wide variations of tem'perature-
From the Rhysmal point of view, ground water is, therofor®
more readily usable than surface wate g
treatment before use. The excepti F, seldom 1equ.lrln§
waters which are hydrauli PUBLS ars those: B

ydraulically connected tq nearby surfac

¥

water i ' |

| s through large openings such as fissures and solutic”

channels and the interstices of some I Tlies‘"
gravels.

openi i
- Openings may permit suspended, Mmatter to enter into (he
nter '

“aquifer.
s .,vq In such, cases, tastes and odours fi decayi®
) _ ‘'om de€ i
getation may also be noticeable.

9
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| ic]'ObiOlOgical Quality : Ground waters are generally frge
roﬂl' very minute organisms (microbes) which cause
discases and which are normally present in large numbers in
Lrface walers. This 1s another of the benefits that result -
fom the slow filtering action provided as the water flows

: hrough the ground. Also, the lack of oxygen and nutrients

in ground water makes 1t an unfavourable environment for
disease producing organisms to grow and multiply. The
exceptions to this rule are again provided by the fissures and
solution channels found in some consolidated rocks and in
those shallow sand and gravel aquifers where water is
extracted in close proximity to pollution sources, such as
privies and cesspools. This latter problem has been dealt
with in more detail at the end of this chapter where the
sanitary protection of ground water supplies is discussed,

?

Which themselves may vary widely within a small region.
85 a result, there may be appreciably wide variations in the

a3
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nd in regions _G._.

' ; er fou
chemical quality of ground wat

: L -ea extent. ‘3
relatively limited area -
The uses to which ground water can be put depend onif§

mineral content. Where this content exceeds 't.h-
ireatment should be provided to
inerals concerned,

recommended limit,
remove the excessive amounts of the m

There are satisfactory methods available for the removal o?
excessive quantities of the important minerals usually found
in ground waters. Expert technical advice should always be
sought on the need for and use of these methods.

The mineral content of water is most commonly expressed
in parts per million (ppm) which means the number of parts,
by weight of the mineral found in one million parts of the
solution. For example, a concentration of 10 ppm of iron
means that in every million pounds (or kilograms) of the
water examined, there will be found 10 pounds (or

killograms) of iron.

- Another very common form of expression ‘is that of
N

| milligrams per liter (mg/l) which is the number of

_rfulhgre?ms of the mineral found in one liter of water. This
liter unit differs SO

. little from the former that they are for all
Practical purposes, considered e

- ual d
Interchangeably, qual and are commonly use

The follow; '
- INg are among the more important chemical subs"

tances an :
. d properties of gound waters which are of gred |
nierest to the public h -

Rayr
calth engineers: iron, manganes®
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chloride, fluoride nitrate, sulphate hardnesg tota
solids, pH. and dissolved gases such ag OXy
sulphide, and carbon dioxide.

I dissolveq
gen, hydrogen

ron and manganese are usually considered together becaus;e o
of their resemblances in chemical behavioyr and occurrence
in ground water. It is important 1o note that iron ang
manganese, in the quantities usually found in ground water,
are objectionable becausq of their nuisance values rather

than as a threat to mans health. They both cause staining

and pipes, reitricting the flow of water through them. Iron-
containing waters also have a characteristic taste which
some people find unpleasant. Such waters, when first drawn
Irom a tap or pump, may be clear and colourless, but upon
allowing the water to stand, the iron settles out of solution
giving a cloudy appearance to the water and later
accumulating in the bottom as a rust coloured deposis.

Chlorides occur in very high concentrations in sea water,
usually of the order of 20,000 mg/l. Rainwater does not
Contain chlorides. Aquifers containing large ch_!?ride
Concentrations are usually coastal ones directly connected 10 .

. ' ime | ast.
the sea or which were so connected sometime 1f the p
directly connected

Excessive pumping of wells in aquifers '
PHLIS | cause these high

0 the sea or to brackish-water rivers wil

9 .
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chloride, containing waters to move into the otherise fresh
water zones of the aquifers. Expert technical advice should
be sought on the possibility of such an occurrence. |
Water with a high chlorids content usually has an
unpleasant taste and may be objectionable for some
agricultural purposes. The level at which the taste is,
noticeable varies from person to person but is generally of
the order of 250 mg/l. A great deal depends however, on the
extent to which people have been accustomed to using such
waters. Animals usually can drink water with much more
chloride than humans can tolerate. Cattle have, reportedly,
been known to consume water with a chloride content
ranging from 3000 mg/1 to 4000 mg/I.

Fluoride concentrations in ground water are usually small
and mainly derived from the leaching of igneous rocks.
Notable among the few ‘cases of concentrations is the
reported 12 mg/l from flowing wells in some part of
Bangladesh and 32 mg/l in some parts of the world.

When present in concentrations left than 1.0 mg/l in water,
fluoride generally reduces tooth decay in small children and
is desirable excessive concentrations, however, result in a
brown discolouration and pitting of the teeth called dental

:ﬂuc_)_rosis. This condition is particularly noticeable in

children but can also occurs in adulrs, The level of

concentration at which this adverse effect occyurs varies

from one community to another depending upon factors
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such as temperature and fluoride intake to the body through
food. It is also likely that continued consumption, of waters
.ontaining fluoride in excess of 4 mg/l are usually .not
recommended for drinking water supplies.

Nitrate content in ground waters various consideragly and
is often unrelated to the rocks formations in the atea. High

nitrate concentrations are very often due to the percolation

and other agricultural waste products into aquifers or to the
direct flow of contaminated surface runoff into wells.
recautions must therefore be taken in the location and
construction of shallow wells in areas where privies and
cesspools are to be found. |

High concentrations of nitrate in water produce-.an effect
known as cyanosis (methemoglobinemia) in infants. This
condition which is characterized by a bluish discolouration
of the skin restlessness and drowsiness can be fatal. For this
reason, water containing nitrate in excess of 45 mg/l should
not be used in preparing food for babies under six months of
age. It should be noted that the boiling of such water will
only serve to increase the nitrate concentration. :
Sulphate in ground water is derived mainly from the
leaching of natural. deposits of magnesium sulphate or
sodium sulphate both of which, in-sufficient quantities, may

Produce laxative effects.
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g % 1
- . ater bbbt d“"n
Hardness 1S that duce suds. No

to pro
which it dissolves s0ap p

ceadiness with - until the minerals causing

suds are produc -
the hardness have been rel

Th
with constituents of the soap-

: ‘ suds. |

more soap 18 1-equu«ed to ploduce ' o

The hardness produced by the bicarbonate © ang.
1e har

1 be virtually removed DY |
emporary hardness. The hardness causeg

and chlorides of calcium ang

' -d wat
in a hard | N
ed d by chemical combinatioy

Y hardness, the
e greater the hardness, thg

4
boiling the watep
magnesium cal

and is called t

mainly by the sulphates .
magnesium cannot be removed by boiling and 1s calle

permanent hardness. Total hardness is the sum of the

temporary and permanent hardness.
The removal of temporary hardness by heat causes the
deposition of calcium and magnesium carbonates as a hard
scale in kettles, cooking utensils. beating coils, hot water
pipes and boiler tubes which result, in a waste of money.
Total dissolved solids refer to the sum total of all th
minerals such as chlorides, sulphates etc. found dissolved!
the water. A water with a high total dissolved solids conten
would therefore be expected to present the taste. |axative
and other problems associated with the individual minef
Such waters are usually corrosive to well screens and ot
parts of the well structure.
e water is acid or alkaline. It ra%
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._n value from 0 to 14 with a value of 7 indicating 4 neutral
water, value between 7 and 0 i Increasingly acid and between
7 and 14 increasingly alkaline waters, Most ground waters
in Bangladesh have pH values ranging from about 3.3 10 8.
Determination of the pH value is important in the control of
corrosion and many processes in water treatment.

pissolved oxygen content of ground waters is usually low
a11icularly in waters found at great depths. Oxygen speeds

up the corrosive attack of water upon iron, steel, galvanized

when the pH is low.

Hydrogen sulphide is recognizable by its characteristic
odour of rotten eggs. It is very often found in ground waters
which contain iron. In addition to the odour, which is
noticeable at as low a concentration as 0.5 mg/l, hydrogen
sulphide combines with oxygen to produce a corrosive
condition in wells and also combines with iron to form a
scale deposit of iron sulphide in pipes. Most of the hydrogen
ulphide can be removed from ground water by spraying if
into the air or allowing it to cascade in thin layers over a .
Series of trays. |

Carbon dioxide enters water in appreciable quantities as
the water percolates through soil in which plants are
Browing, Dissolved in water, it forms carbonic acid which,
fogether with the carbonates and bicarbonates, controls the
H value of most ground waters. A reduction of pressure,

99

Scanned by CamScanner



Water Supply

of a well. results in th,

' yumping
such as caused by the pRInE ease in the pH value g

escape of carbon dioxide and Elll‘l incr ‘
the water. Testing 0f ground-watel ;
" dioxide content and pH therefore, requirc ”
techniques and should be done at the Wf; |
of carbon dioxide from waters may also be

I ' its.
the settling out of calcium carbonate depo.sﬂ b
While the above list includes those chemical substances thy

are likely to be of greatest general concern 1n case of smal
wells, it is by no means an exhaustive one nor intended

samples for carby,
s the use of speciy
site. The escap,

accompanied by

“be such. Conditions peculiar to specific areas may require

analyses of ground waters for other substances. The group
of elements often referred to as the trace elements because
of the very low concentrations in which they are usually
found in waters are here worth mentioning. Among thest
are arsenic, barium, cadmium, chromium. lead and
selenium, all of which are considered toxic to man at very

low levels of intake the order of a fraction of 1 mg/L. Sinct

the rare of passage of some of these el

ements through tht
body

is very slow, the effects of repeated doses are additiv

and chronic poisoning occurs,

Trace elements generally are not present in objectionablf

concentrations ip ground wat
Specific areas, It hag

has been found ip su

ers but may be so in a &
been reported for example, that arsen
fficiently high concentrations in gI‘OU”ll
s of the world (Mexico and A'rgem‘i"ﬂ)
njurious to' health. Problems are M

Waters in some part
0 be considereg i

100

Scanned by CamScanner



Water Supply

likely to arise in areas where waste discharges from
industries such as clectroplating, and overland run-off
contaml"& high concentrations of pesticides (insecticides
and herbicides) enter aquifers. _
The presence of these tracs elements in drinking water are
_generally not detectable by taste or smell or physical
appearance of the water. Proper chemical analyses are
required for their detection.

In some parts of Bangladesh, ground water sometimes
contains excessive amount of iron, copper, manganese,
chloride. fluoride, calcium and magaesium. These make
water unpotable. In coastal areas of Bangladesh, potable
water is obtained from wells at depths between 700 to 1000
ft. Above these depths, waters from all aquifers are
extremely saline (about 2500 to 3000 mg/l; ground water
contains iron in Perojpur, Gopalgonj, Rajbari, Tangail,
Rangpur, Maijdi, Chittagong and Chiltagong Hill-Tracts
sub-divisions. Iron is excessive only in shallow wells of
Bhola and Patuakhali. Again ground water contains
carbonate in Rajshabhi, Sylhet" and Chittagong more than
allowable limits Ground water in all other areas of

Bangladesh have got acidic characteristic.

‘Well Hydraulics :

Groundwater movements towards a well can be formulated
in accordance will the principles. of . Dupuit and
Forchheimer, When the well penetrates to the whole of the
Auifer, the flow is steady, and the water table or the
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e case may be; hOFiZOHtal,

] the flow;
Actually the water table is rarely horizontal and Wi

' 1 g ‘oe rates
eldom steady. Changes i pumping and 1ech.alg . ang
i W in the aquifer interfere

However, the usefulness of Dupuit's formulatron can be

expanded by introducing potential flow theory to cover
confined aquifers In which the piezometric surface i
inclined. The theory of steady flow has also been extended

to leaky confining becomes situations.

piezometric surface, as th

in amounts of water stored

Flow Towards Wells
Converging flow : When a well is at rest, that is, when
there is no flow taking place from it the water pressur
within the well is the same as that in the formation outside
the well. The level at which water stands within the well is
known as the static water level. This level coincides with
the water table for a water-table aquifer or the piezometric
surface for an artesian aquifer. Should the pressure b
lgwered within the well, by a pump for example, then tht
grea;zrfpressure in the aquifer on the outside of the wel
would force water into the wel]
This lowering of the pressure iil;:hg]o\rh;herebyresulfs*
I well
accompained by a lowering of the water level in
the well-water flows through the aquifer to the

is als?
a_nd arouﬂd

R . well from 4
directions in what is known as converging flow. This (10"
. This

may - be considered to, take place through guccessi'*
cylindrical sections which become smaller g smaller ®
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e well is approached (Fig. 3.9). This means that the area
oss which the flow takes place also becomes sucessively

th
acr
gmaller as the well is approached. With the same quantity of
water flowing accross these sections, it follows from Eq 3.3
that the velocity increases as the area becomes smaller,

Darcy's Law (Eq.3.2.) tells us that the hydraulic gradient
varies in direct proportion of the velocity. The increasing
velocity towards the well is. therefore accompained by an
increasing hydraulic gradient. Stated in other terms. the
‘water surface or the piezometric surface develops an
Lincreasingly steeper slope towards the well. In an aquifer of
uniform shape and texture the dispression of the water table
or piezometric surface in the vicinity of a pumped or freely
flowing well takes the form of an inverted cone. This cone,
known as the cone of depression (Fig.3.10), has it apex at
the water level in the well during pumping is known as the
pumping water level. The difference in levels between the
static water level and the surface of the cone of depression
is known as the drawdown. Drawdown, therefore, increases
from zero at the outer limits of the cone of depression to a
rnaximun in the pumped well. The radius of influence is the

- distance from the center of the well to the outer limit of the

tone of depression;
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Uoconfined Steady '_Flow : Dupuit's formulé' for the flow

‘o an ordinary well is based on the Eq.3.3
that the direction of flow of ground water s

that ¢ :
l.dt it flows radially towards the centre of the
Fig 3.10. Hence,

vertical cylinder s

It is assumed
Horizontal and

wall shown In

It flows through the surface of a right.
0 that
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A =27IXY and S = dy/dx

. KAS K')n\:y (dy/d)\) ............................... (3 8)
Or Qf_{l:?_ﬂ:K}' dy
¥

here C is a constant.

=d at x = r (r being the radius of the well) and

the Eq. 3.9 becomes

- 7K(D* -d*)
Q= 3.1
2 og . (R/r) 15

where. Q= well discharge in gpd.

' K = coefiicient of permeability in gpd/sft
D= depth of the aquifer in ft. . |

d = static head in ft.

R = radius of the circle of influence in ft.

r = radius of well in ft.

Beacuse D is constant. the quantity, (D*-d%) increases at a
- declining rate as d is reduced. Thus. successive increases in
_'dfaW-down (D—d) reduce the specific capacity of the well.
- For a constant value of R, the logarithmic ratio of the radius

_ of the circle of influence to the radius of the well and its
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lation to the yield indicate that increasing the size
rse relation - . |
atly increase 1ts yield. For example, 4

vield only 15 to 30 per cent more

inve
of a well does not gr¢

7 {t diameter well will
a 3 inch diameter well.

Q from a well, the drawdown (D-d). ang

water than

The rate of flow '
the radius of the circle of influence R are interrelated as

i dicated in Eq. 3.10. In order that the value of R may be
constant the rate of replenishment of underground water
must be equal to Q. Hence. for the purpose of approximate
computation in the solution ot well problems with Dupuit's

formula it be assumed that

RECE)  ssnsmimmmminsmnissmmns (3.11)
or in substitution in [q.3.11,

_7K(D* - dy’
(log . (CO/r)

Values of C and K for 2 well can. be determined by

measurements of Q and of d under two or more different
rates of flow. It is evident from Eq. 3.12 that where the
draWdf‘W" (D=d) is small compared with (D+d) the value of
ert:l;ZS :f jr(r)::matffly as (D-d). This linear relationshif
definition of th C 01.310“! and drawdown leads to tht’.

€ Specific capacity of a well as the rate ol

low :
PEr unit of g - ,.
min + of drawdown, usually expressed in gallons P*
Ute per foot of drawdown
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Fig. 3.11 Hydraulics of flow for a Well through an Artesian aquifer.
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Confined Steady Flow: The Hypothetical conditions of
flow into a pressure or artesian well are illustrated in Fig'
3.11. The formula for the rate of flow into a pressure well
can be derived similarly to Eq.-3 10, starting with the
expression Q = KAS and A =2nxm. hence

Q=R2mkni(dy/dy) s (3.13)
where m is the thickness of the confined water bearing stratum.

Integrating between the limits x =r fory =d and x = R for

y =D, the Eq; 3.13 becomes
EMD ) .. — (3.14)
log,(R/r)
The rate of flow. Q is seen to be proportional 10 the draw-
down (D-d) = h. The yield per unit drawdown. or specilic

capacity of artesian wells has been observed to remain fairly
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- qrawdown. The Eq. 3.
constant at all reasonable values ol drawd q. 3.14

may be rewritten as follows :
p QIOBERITY s (3.15)
2aKm
3.10 Interference of Wells
Under some conditions tl

well may be either impractical
| wells may be readily ang

je construction of a single large
or very costly while the

installation of a group of smal
accomplished.  Factors  such as the

‘economically
inaccessibility of the area to the heavy equipment required
for drilling the large well and the high cost of transporting
large diameter pipes to the site may be among the important
considerations in a situation such as this small wells can be
grouped in a proper pattern to give the equivalem
performance of a much larger single well. |

The grouping of wells however, presents problems due to
interference among them when operating simultaneously.
lnterference-be_tween two or more wells occurs when their
cones of depression overlap, thus reducing the yield of the
individual well. The drawdown at ahy point on the
composite cone of depression is equal to the sum of the
drawdowns at that point due to eaich of the wells being
pumPed Scparately. In particular, the drawdown for
Specific discharge in a well affected by interference s
steater than the unaffected valye by the amount of

dre ; ,
rawdown at that wel] contributed by the interfering well®
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In other words, the discharge per unit of drawdown

commonly called the specific capacity of the well is
reducesd. This means that pumping must take place from a
greater depth in the well. at a greater cost, to produce the
same quantity of water from the well if it were not subject to
interference.

Ideally, the solution ‘would be to spacé the wells far enough
apart to avoid the mutual interference of one on the other.
Very often this is not practical for economic reasons and the
wells are spaced far enough apart. not to eliminate
interference, but to reduce it to acceptable proportions. ' For
“wells used for water supply purposes, spacings of 250 to
500 feet between wells have been found to be satisfactory.
Spacing may be less in fine sand formations, in thin aquifers
or when the drawdown is not likely to exceed 5 feet. Greater
spacings may be used where the depth and thickness of the
aquifer are such as to permit the use of screen lengths in
excess of 10 feet. For two similar wells drawing water from
the same aquifer situated at weft apart, their rate of
discharge shall be

R
gt —a7), T (3.16)
log, (R /rw) |

Exemple-I : With a well of 12 inch in diameter having a
~depth of 100 ft below the level of water table, the depth of

- Water when the well is being pumped is 80 ft. As indicated

by the test on a sample the effective size of the soil in the
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0.30 mm and the porosity is 30%

water bearing stratum 1S o
- neability 1s 126()

and the corresponding coefficient of peri | .
- gpd/sft. The radius of drawdown is assumed 10 be 0 fi.

B 1 ¥ )

What is the probable state of discharge of the well in gpm’

Solution : Applying Eq. 3.10
7x1260 (100° —807)

Q= 53026 e 000
=03
1875
= 1.875 gpd =
1.87> gp 24 x 60
= 1300 gpm

Example 2 : At what rate could water be pumped from the

two wells 24 inch diamter each, static depth of water, 200 ft

and drawdown 30ft. if both wells were being pumped

together at a distance of 24 ft ?

Assume : R =10 25 ft, K=0.099 gpm sft

Solution: Applying Eq. 3.16

Ol ;= (0.099)(200° ._1702)
log,,(1025 2 (1x24)

=240gpm

Combined rate of flow from two wells = 2x 240 = 480 gpm
3.11 Infiltration Gallery:

An infiltration gallery may be an open trench, a buried

porous pipe, or a line of wells closely spaced, placed across

or normal to the direction of underground flow in an

aquifer. The infiltration galleries are suitably constructed (1)

as marginal draing along hillsides, (b) at right angles to th¢
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(nderflow of valleys, (3) parallel to streams towards which

d flow is travelling and (4) above sea- leve] on jg]

'uplan ands

and along coasts where salt water intrusion is to be aovided.
Diameters 2 to 5 ft and manholes at intervals of 200 (o 300
ft facilitate inspection and maintenance. Design velocities
seldom exceed 2 ft/sec. Water entering a gallery flows to a -
collection pump where it is pumpéd for use. Yields from
infiltration galleries vary widely depending upon local
coditions; However, infiltration rates of 700 to 3500 gpm.
per 100 ft of gallery length are not unusual.

Well Design: A tubewell is simply a pipe sunk into the
ground fitted with a strainer in the water bearing strata. The
design of a tubewell is the design of its screen principally.
For the design of the screen, the following information is
necessary: (1) Geological formation of the underground
strata, and (2) Grain size analysis results of the aquifer.

The soil samples collected by test boring are analysed by-
passing through a series of stand and sieves from 0.01 inch
o 1 inch and from the grain size distribution curve, the
effective size and the uniformity coefficient are calculated
o determine the screen slot openings. Generally, well
screens are designed to retain 30 to 50% of the formation
Materials depending upon the aquifer conditions. For
Protection of the screen against corrosion and incrustation.

the entrance velocity is generally considered as 0.1 fps. The
Shtrance velocity is determined by dividing the desired yield
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{ the well in cfs by (he total area of the screen openings-iy
O 2

sft.
The total area of sc
provided per foot 0

length of screen in ft.

reen openings 1s the area of the openingg
¢ the screen multiplied by the selecteg
Most manufacturers provide tables
per foot of screen for each size of

showing the open area

screen diameter and for various widths of slot openings,

Table 3.3 is an example of one of these. From this table, itis
seen that a No. 20 slot 7.inch diameter screen contains 25
square inch of open area per foot of screen length. A 10 ft
length of such a screen would therefore contain 250 sq inch
of total open area. _
There are mainly two sizes of screens : (1) Telescope Siz
(TS).. and (2) Pipe Size (PS) or ID-Size. The telescope siz
screens are desinged for cases where the diamaeter of the
screen is just sufficiently smaller than the inside diameter of
the corresponding size of standared pipe to permit the
screen to be freely lowered through the pipe. The pipe siz¢
or ID-size screens have the same inside diameter as ¢
corresponding size of the standard pipe.

This type of screen is used when it is desired to maintain the

same diameter throughout the full depth of the well.
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Table : 3-3 Intake areas of screen openings for selecteq
widths of slot openings,

e — i . e ——

Nominal Intake areas in sq inch per linear foot of screen
Screen :
size. (ID) | SlotNo. 10 | Slot No.20 | Slot No. 40 SIotNo.-ﬁ_(]H
inch (0.01") (0.02") " (0.04M) (0.06")
1T 10 16 26 32
1'/,-PS 13 22 36 45
2-PS 14 25 4] 50
3-TS 15 26 42 52
2'/,-PS 17 30 48 59
3-PS 20 34 54 68
4-TS 21 35 50 71

P [4-PS 23 44 68 86

Example : Design the screen of a well from the following data:
Thickness of the aquifer =60 ft

Slot size of the screen =20

DiSCharge =334 gpm

Entrance Velocity = 0.1 fps

ell diameter e = 2 inch
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Solution:
Q=AV=334gpm =~ 0.74 cfs.

LB L. _ 7.4sft =10605q inch.
0.

From Table 3.3 open are - | .
No.20. the open area per foot length of 2 inch dia well is 25

a for 2"-PS screen size and Sy

sq inch.

Length of screen ~1066/25 = 42.64 ft, say 43 ft

’ 3.13 Groondwater Collection :
Discovery and development of groundwater supplies is 2

very complicated engineering undertaking. It requires
understanding of pertinent geological, hydrological and
hydraulic actors. The purpose of this section is to discuss
the essential constructional features of groundwat
developments, the hydraulics associated with the draft of
groundwater, and the available means for the maintenanc
and care of collecting woks (tubewell) and for ¥
conservation of the source.

Common Features of Collection Works : Pumping is ¥
central feature of the most groundwater WorKs. o
satisfactoy performance the suction lift, including entran®
and pipe losses, must be held below 25 ft. When the wal
table is further down than the collective pipe leading to "
Pump and the pumping unit itself must be lowered el
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round level, or individual well must be equipped with
_:'eep'We“ pumps.

Vell-sinking is a specialized art that has evolved along a
.‘Fumber of more or less regional lines. The engineer must
“ive his due attention to the drilling operations as to the
adequacy suitability and economy of the proposed
-ﬂevelopments and the location of the collection works. In
addition, he is called on (1) to select the size, number and
ﬁrrangemenl of wells, (2) to specify the pumping and
appurtenant equipment, (3) to make sure that a reliable
contractor is employed. (4) to supervise the testing and
development of completed wells, (5) to see that the wells
and pipes are properly disinfected before being placed in
service, and (6) to assure the prevention of contamination of
the operating supply from both surface and underground
sources of pollution.

The size, number, and arrangement of wells are determined
by the amount and depth of water to be taped, the hydrology
and hydraulics of available aquifers, and proposed methods
of pumping. Well diameters should be dimensioned in
concordance with drawdown and yield. However, well-
sinking methods and space requirements for pumping
Machinery actually govern well size more often than do
hydraulic cbnsiderations, Strainers or screens and riser pipes
-Should be Jarge enough to keep entrance looses and other
SOW resistances within reasonable limits at maximum
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piear pipe velocities are commonly b
i Riser pipe "
pumping rates.

down to 2 to 3 ft/sec. o
Construction methods depend pt !l]lal‘l .

1 or rock to be penetrated. Costs of construction vary wit
soil 0

size, depth and design, and with the ‘equipment ap(
expérience of local drillers. Efficient design and operation
of well systems are question of depth, spacing, diameter,

pumping rate, and other pertinent matters, as well as the

y on the nature of the

geology, hydrology and hydraulics of the sources
In general, tubewells are of two types is shallow tubewells

and deep tubewells.

Shallow tubewells are those which are sunk upto the bottom
of the first aquifer and do not penetrate the aquiclude below.
Deep tubewells are those which cross more than one
aquifers. Therefore, the shallow tubewells of one locality
might be the deep tubewells of another and vice-versa. Of
course, conventionally tubewells under 100ft deep are
classed as shallow tube-wells. According to the convention
of the Directorate of Public Health Engineering
(Bangladesh), shallow tubewells are less than 200 ft deep
and deep tubewells are more than 200 ft deep.

Tubewells are extensively used for urban and rural water
Supplies, industrial water supplies and for agricultural water
Supplies, Public water supply tubewells varies in size.
f:;]:\:?“y 1gn, ', 2",3"to 6" diameter. But irrigation

ells are generally made7" 1o 10" diameter.
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part of Municipal Tubewell : The following are the main
parts of a municipal tubewell (Fig.3.12)

gump pipe : The small length of plain pipe generally 4' to
5'in length used at the bottom of lowest stainer is called

Sealed Pipe

Fig. 3.12 Deep Tubewell
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pe is 10 provide a space

Sump pipe: The object of this pi
les entering the well

where sand and other heavy partic
during pumping may settle down. Thickness of the pipe

should be '/;" minimum and its diameter 15 equal to the

diameter of the stainer to which it is fixed. Bottom of the

sump pipe should be sealed by a seal plate ora bail plug.

soil samples are taken from every

Stainer: During boring,
(5 ft. in case of test boring)

layer and at least at every 10 ft.
and strata chart are drawn showing and describing the

different layers of the sub-soil. Layers of coarse and

medium sand and gravel are considered water bearing strata,
Coarser the sand, the better will be its yield. As certaining
the water bearing strata levels at which stainers have to be

fixed are determined. Strainer play the most important part
in a tubewell as such life and discharge of a tubewell

depends on the right type of strainer for any particular
aquifer and its grain size. The size of screen openings
should be carefully selected to fit the grading of the sand
and gravel in each individual strata of the water bearing
formation and as the maximum open area per ft of screen
will ensure minimum velocity ihrough such openings-
minimum head loss through the screen and consequent!y
less drawdown. ,

Blind Pipe: These are ordinary plain pipes placed in the

non-water bearing strata. These are placed opposite t0 stratd
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of fine sand and clayey soil. The thickness of blind pipes is*

1, The pipes and strainers are connected by meang of
(hread or sometimes welded.

Housing Pipe : The larger diameter plain pipe on top in
. which the pump bowels are housed is known as bousing
pipe. The internal diameter of housing pipe depends upon
the adopted pump and may vary between 10” to 15”. The
thickness of housing pipes is /4 inch. The housing pipe and
the blind pipe are joined together by means of a tapered
reducing socket.

Methods of Tubewell Sinking : Cities using ground water
usually depend upon deep wells. These wells have the
advantage of tapping deep and extensive aquifers. Such
deep water is likely to be of good sanitary quality unless it
Is contaminated by seepage into the aquifer from caverns or
fissures in overlying rocks. All deep wells are drilled wells.
The successful sinking of deep drilled wells requires special
training, experience, tools. and equipment. Among the
various methods of sinking wells may be included (1)
Standard method. (2) California stovepipe method. (3)
letting method (4) Core-drill method. and (5) Hydraulic

rotary method.

Standard Method : The standard method involves

: . e 2 ised and
Percussion drilling in which a drill is alternately rai
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is suited to th
ng borehole. [t 1S th_;

al from soft clay 1o the ha!‘dgg
method include l

d in the descendl

droppe .
any materl

drilling of wells in
rock. Modifications of the

"pile-tool” method in which a
of rope and the "hollow rod"
replaces the rope 10 support
into the top of the well between
rod. The water leaves at @ relatively high velocity through

holes in the bit and rises through the hollow rod carrying the

standard
wooden rods are used instegq

ethod in which a hollow rogt
he boring bit. Water is pumpg

the casing and the hollow®

cuttings with it and permitting continuous advance of the:

well without the withdrawal of the bit to remove cuttings. I

California Stovepipe Method: First used in California. this
method is used in unconsolidated alluvial deposits. It
consists of pushing by means of hydraulic jacks, steel
cylinders with wall thickness of 0.1 to 0.16 inch and 2 to 4
ft long into the earth. Cylinders of two diameters are used,
one size just slipping within the other. the joints of the outer
cylinder falling midway between those of inner cylinder:
The inner and outer casings are locked together by denting
them with a pick. and successive length of pipes are added
Z:azu':;' ii:i‘:;i“g D;‘Ogresses., thﬁlB c'flsing is l'\'ep-t cven' Oj
el by o 0:% the n?eterlal inside the casing ht.’*-“i

a bailer or clamshell bucket. T

Califor 1 . ‘
. m‘d stovepipe method has been used on wells 6 t0 30
NCh In diameter apq upto 200 ft deep
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Jetting Method : Jetting is accomplished by meang of a

drill pipe having a nozzle or a drill bit on the lower end

water is pumped down through the drill pipe and escapes
drough the drill bit, which is raised. lowered and turneq
dlowly. The stream of water loosens material and the water
rising through the casing lifts the finely divided cuttings
from the well. This method of drilling is suitable in soft.
unconsolidated alluvial deposits, depths upto 400 to 500 ft.
[n suitable materials, a well can be sunk by this method
faster than by any other method.

Core-Drill Method : Core drills consist of a hollow but
armed with diamond or steel teeth on the annualar
circumference of the bit. The hollow bit is attached to a
drilling rod and rotated, water being used to remove the

cuttings.

Rotary Drilling Method : In rotary drilling, a cutting bit is
 attached to a hollow drill rod rotated rapidly by an engine
driven rotary table. Either water or a suspension of colloidal
clay is pumped down the drill pipe. flows through openings
in the bit, and transports the loosened materials to the
 surface, The clay suspensions are designed to reduce loss of
drilling fluid into permeable formations, lubricate the
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rotating drill pipe, bind the wall against caving, and suspeng

the cuttings.

Installation of Tubewells : After the boring of the well hag
been completed to the desired depth, the blind pipes ang
strainers are to be loward and fixed to the position. The bore
hole is always to be drilled a little more than the installed
depth of a well. so as to make allowance of materials which
may cave in before shrouding of the well. Strainers are to be
located opposite water bearing strata to draw water from
them. This is done by assembling on the ground together
with the whole length of the strainers and plain pipes
exactly in the same order and length in which they are to be
lowered in the bore. Every pipe, socket and strainer is
numbered serially. There is a length of about four to five
feet of plain pipe at the bottom with a cap to close the
bottom end. The cap has an eye on the inside with which a
hook lowered from the top, inside the tube, can be made to
contact whenever necessary. If a hook tied to a wire'rope i
lowered into a tubewell from ground level it can easily be
made to contact this eye at its bottom end, and the whole
tubewell can thus be lifted with the wire rope and kept
suspended by it. This method can be used for extracting &

newly lowered tubewell where necessary.

o
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The strainers and plain pipes are lowered inside the boring

L be one by one as required starting from the bottom end
and in the same order in which they have been assembled a
ground level. This is done by fixing a pair of clamps at the
top of the end piece and then lowering it inside the boring
tube till it rests on it. The next piece is then screwed or
welded on top of the bottom piece and a second set of clamp
is fixed at the top end of the upper piece. The upper clamp is
tied to the wire rope going round the pulley at the appex of a
tripod. The other end-of this rope is coiled round a crab
winch. The ropea is tightened up till it takes the whole
weight of the pipes to which the clamp is fitted and raises
these a few inches. This lifts the lower clamp from the top
of the boring tube and enable it to be released. The lower
clamp is then removed and wire rope is gradually blackened
and the tubes lowered into the bore till the upper clamp rests
on top of the boring tube. The wire rope is now removed
- and the next pipe is screwed on top of the lowered pipe and
the whole operation repeated as before. Thus, one by one
the whole series of pipes and strainers are lowered inside the
boring tubes to the correct level. The whole finished length
of these pipes and strainers is now kept suspended from the
op and the boring tubes are jacked up and extracted one by
on¢. Before the boring tubes are extracted. the shrouding
Materials are dropped and the bore hole is filled. These

Shroudmg, materials grip the’ strainers and pipes on lhc_
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i ition. ore- starting
outside and help to hold n position: B€f1 b I'tlng
lowering of strainers and pipes inside the boring tubes, lhg

i - ir bottom end is only
latter arc raised to such a level that the "1?2

slightly below the proposed level of the bottom ok ih§
ell. so that the bottom end of the tubewell

finished tubew

will rest on the shrouding materials, when lowered iy

position.

The small piece of plain pipe is kept at the bottom end of
the tubewell so that any heavy particles of sand setting
inside the tubewell during development of the well may get
collected in these space and may not choke the bottom end
of the strainer tubes thus cutting out useful length of water

bearing stratum and strainer. This small piece of plain pipe
is known as "sump pipe".

Care should be taken that the entire blind pipe and strainer
length is installed straight and vertical and concentric t0
pemit the filling in of gravel filter of uniform thickness and
the installation of the pump in such a manner that it will
operate satisfactorily and without damage. No deviation in
the vertical greater than one inch in 100 feet will be

tolerated for the length of the pump housing casing.

Joining of well pipes

J + The blind pipes and strainers can b
tonnected by me

ans of threads, or by welding. For welded
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 onnection @ splice ring shall cover the joint and be welded

on either side to the adjacent pipes.

Gravel Shrouding : The annular space between the well
pipes and the wall of the bore hole shall pe filled wp
mmediately after installation of the well pipes. with g
mixed gravel filter suited to the subsoil. The gravel
shrouding shall extend from the seal plate up to at least 30
to 50 ft above the top of the upper strainer. The remaining

space may be filled up with sandy materials up to about 3 fi
underneath the bottom of pump base plate.

The gravel must be of good quality, clean, hard and round
without clay particles and washed if required. The gradation
of filter gravel must suit the formation of the subsoil but it is
limited in general to grain sizes 3 to 7 mm and 1 to 3 mm.
Where no casing pipe is used in boring, gravel should be
placed by means of gravel fill pipes 3 inch diameter
reaching down to the bottom of the borehole and the fill
pipe liftd gradually as the height of shrouding increase. The
filer hall be filled sufficiently dense so that no dangerous
settlement occur during pumping test. Again whereo the
casing pipe is kept in position till installation of well l_npes.
filling in the space and compaction OCCUr automatically

during extraction of the casing pipe:
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After placing of the gray

- Tubewell :
Development of Tu mped and developed by

filter, the well shall be test-pu
a way that the fi |
(| be continued until the wate

o l lter become permanentjy
pumping 1n such

estabilised. Pumping sha

clear. While pumping continues th .
washed through strainer into the tubg The tube being of

small bore in comparison to the quantity of water passing
through it. the velocity of water up the tube is sufficient tg
carry the finer particles with it, keeping the inside of the
tube and the gravel filter free from siltine. The subsoil

e finer particles g

surrounding the gravel filter tube get freed from its finer
particles and therefore has a porosity higher than the
undistrubed subsoil. Thus the surroundings of the strainer is
freed from smaller particles of sand and coarser material
loosely packed. The coarse materials finally arrange
themselves around according to the size of grains, the

largest being next to the strainer than the next larger and so
on.

.Eccentricity: In all cases where turbine pumps are installed
Tt is of great importance that the finished well and the bore
itself should be as nearly vertical (i.e in plumb), as possible
Turbine pumps generally revolve With a speed betwecl
1500 and 3,000 revolutions per minute, and it can easily P
Imgined how damaging the effect of eccentricity can be in|

such
Cases on al| the moving part of the pump and moto"
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The stress and strain on all bearings, shafts, bushings, etc..
are so greatly increased due to the eccentricity that all the
~ care and patience exercised in securing a truly vertical bore
is amply rewarded by the ease and smoothness attained in
the installation and working of the pump later on. In spite of
exercising reasonable care in boring, 'the finished well is
likely to get slightly out of plump partly due to eccentricity
in the bore itself and partly due to variation in the verticality
of the top pipe when gravel filter is placed.

The inside diameter of the top casing pipe is always kept
slightly larger than the outside diameter of the pump bowils,
so that there is a certain gap between the outer face of the
pump bowls and the inner surface of the casing pipe. So
long as the eccentricity does not exceed the clearance
allowed in this gap, advantage can be taken of this in
reducing eccentricity. The eccentricity will be neutralised if
the pump is installed not centrally in the casing pipe, but in
such a way that one edge of the lowest pump bowl is almost
touching pipe on the side to which it is inclined. But if the
tCeentricity exceedss the clearance allowed by this annular
83p (i.e., the difference between the inside diameter of the
{Cas.ing pipe and the outside diameter of the pump bowl)_.i_t
‘4ot be eliminated without setting right the eccentric
®asing pipe. The eccentricity greater than one inch, in 100 ft
Will not be allowed for the pump housing casing.

\
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Piston Rod
Head Cover e Handie
'Pump Bﬂl’fel :.
Drain = 1 \-‘_" : I:;u[np e
E::n:r' Top Sail
Platform _ Clay —— Pipe

.....

........

Nose Bolt 2° x ¥

Pislon Rod Nut Bolt for

Fulcrum 3 Ix T
Nut Bolt for 22

Head Cover 21'x 1"
272
Handle

Plunger, Leather, Buckel and
Plunger weight

Fig. 3.13 Hand Pump Tubewell
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-

Handpump Tubewell : In rural areas of Banglades},, about
90% of ground water is being lifteq by
" ubewells. Even in urban areas, handpump tub
- used where water supply

handpump

. ewells are
facilities could not be extended

The handpump tube wells are also very useful at the time of
electric power failure,

For this reason handpump tubewells are installed at certain
strategic locations of cities so that water can be made
available under any circumstances.

Generally, the component parts of a handpump tubewell are
pipes, screens, sand trap, handpump, etc. A typical
handpump tubewell is shown in Fig 3.13. Size of well pipés
varies from 1'/4" -1 '/," inch. Pipes of various mﬁterials
such as mild steel (M.S)?, galvanized iron (G.1.), polyvinyl
chloride (PVC), etc. are used in handpump tubewells. But
G.L pipes are universally used for small diameter tubewells
due to its protection against corrosion and ease in sinking
PVC pipes are excellent for corrosion resistant but due to
their weak joints and low tensile strength, there are many
construction difficulties.

Screens : The screen is a perforated portion of a well pipe
| through which ground water enters into the well from the
%uifer. The following types and sizes of screens are
Benerally used in Bangladesh : (a) Brass Screen : These
SCreens are made of 1 /" to1'/," diameter M.S. or G.I. pipes

F-g
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0 to 80 mesh copper wire net and hm\.\‘
¢ usually.6 ft long, (b) .

slot sizes of 0.008 ¢,

covered with 6
| I
* perforated sheet. These screens a

PVC. Screens : These screens have
0.012 inch, technically known as 8 slotted and 12 slotteg

screens. These slotted screen is so called when a pipe js

bodily slotted, (¢) Other types of screens are brass screey
and stainless-steel screen.

Sand trap : A sand trap is an extension of a blank pipe of
about 4 to 6 ft long fixed at the bottom end' of the Filter.
The open end of the blank pipe is sealed with a cap. The
purpose of the sand trap is to receive the incoming sand
which settle ultimately in the trap and thus save the strainer

from, blocking.

Hand pump : The function of a handpump is to tap water
from the well. Handpumps are classified as No. 4. 5 and 6
according to the size (in inch) of the barrel. Generally. No. 6
- hand pumps are widely used in Bangladesh. The capacity of
a hand pump No. 6 is about 1/8 gallon per stroke. The
component part pf a handpump are a barrel, a base. a head
cover, a handle. a piston rod, a plunger, a valve weight.

bolts and nuts, a bucket and a seat valve made of leather 0f
plastic.

Methods of Sinking : There are mainly two mf:'thodS ("
Sludger Method and (2) Water. Jettmg Method.
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gludger method (also known as Dheki Method) is 2
imitive one but less costly. In this method the wel] pipe is

. i into the ground by manual labour with the help of a
pamb00 staging. This method is adopted when the depth of
wells does not exceed 150 ft. In water jetting method. a

powerful force pump is used to pump the water into the

Jetting pipe 10 loosen the soil and force it out from the top

through the annular space between the jetting pipe and the

casing. This method is costly and efficient and generally
used when the depth of the well exceeds 150 ft. -

e

Well

Filter Pipes

{
Fig. 3.14 Radial Well

15 Radial Wells :

Radial wells have found increasing use for water sup

‘A typical radial wells system is shown in Figt 3.14 Screens

- ¢ laid radially from the caisson (main well) into the
_ac.luifer, The number, length and spacing of screens are

dictateq by local conditions. The average length of screens

plies.
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is about 200 ft and the resulting well has a much l?rgt‘r
discharge than would be possible with the conventiop,

vertical wells.

Radial wells have been installe
they serve to increase percolation from the stream to th,

ground water. These types of wells are also installed j,

coastal area where there is salinity problem.’

d adjacent to streams Whey,

3.16 Well Sanitation :
An important advantage of ground water as a source of

municipal supply is its comparative freedom from bacterial
pollution. But polluted surface water may enter the ground
water around the top of the well casing or through the
annular space between the casing and the wall of the hole. A
suitable seal should be provided at the top of casing, and the
space around the casing may be grouted. Surface water
should not be permitted to collect arouud the top of the well
Abandoned wells should be sealed with clay, concerete o

other filler to avoid contamination of the aquifer. Evel
though a well is built for irrigation or industrial use. sanitary
precautions are advisable to avoid contamination of adjace”
- well.
A step in the construction of a well for domestic use *
zhlc.)rlantmn to eliminate any contamination introdu‘:‘:d
uring ¢ ti ok iné
e gu On.structlon. Chlorination is accomplished by filline
Wer With a solution of chlorine (50 mw/1 ) and allowi’
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£ 10 stand for 2 hours. It is then rinsed out with fresh water
|

t the bottom of the well.

putﬂpfd ina
{7 Maintenance of Wells :

A properly constructed well requires little -maintenan_ce
unless it is pumped at excessive rates. Excessive pumpes
may result in movement of the fine materials in the aquifer,
with the possibility of clogging near the screen. Sand
entering the well as a result of high entrance velocity may
damage the pump. Highly mineralized waters can cause an
incrustation on the well screen by increased of dissolved
minerals. The decrease in pressure caused by increased
velocity near the screen may reduce the ability of the water
to hold dissolved salts, particularly calcium carbonate in
solution. Thus incrustation may be accelerated by high
“entrance velocity as a result of inadequate screen area or
excessive pumping. Incrustation can sometimes be relieved
by surging the well with a plunger and causing alternation
flow back and forth through the screen. Severe cases will
have to be treated with hydrochloric acid which is to be
allowed to stand in the well of several hours. Bacterial
cmggi“g of wells is sometimes corrected by chlorination.
After treatment the well should be pumped vigorously to
®Move-loosened materials. |

Very little can be done about corrosion of screen or casing.
““kage resulting from a corroded casing may somefies

¢ checkeq by grouting around the casing. If the well is in

133

Scanned by CamScanner



Water Supply

corks: a damaged casing can sometimes be withdrawn g,

replaced but if the well is In unconsolied material, it My

have to be abandoned.
3.18 Well Log :
* The well log is a record of the underground materiy,
penetrated as various depths and of the diameter and othy,
characteristics of the well including size. depth. capacity
etc, It is very essential for safe operation and maintenanc
of the well.

3.19 Location of Groundwater Supplics :
Because of the cost to-well drilling, it is desirable to hav
some assurance that a well will reach a satisfactory aquife.
It may be possible to predict the depth, and productivity of
an aquifer from conditions in other wells in the vicinity
Large projects will justify a more elaborate exploration. by

competent geologist. Sub-surface exploration is often dont

with small diameter tests holes from which sample of soils

and rocks-may. be obtained and tested permeability and
specific yield, pumping, tests also be conducted on these
test wells to determime the transmissibility and storag®

- con { : :
. -stant for the aquifer. Sometimes seismic, acoustic an
radioactive methods are employed

L to determine ¢
‘_.characterlstlcs of the aquifer.
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121 yicld of Ground water :

Actually safe yield cannot to defined to truely practical ang
o cncral terms. The location of wells with respect to areas of
recharge and discharge, the character of the aquifer, the
potential sources of pollution, and many other factors
involved in estimates of the maximum' feasible withdrawal
from an aquifer. Determination of safe yield is a complex
problem of hydrology. geology hydraulics and economics
for which each aquifer requires solution. The safe yield

from an aquifer is equal to the annual recharge less the
unavoidable natural discharge.

Thus, safe Yield = P-R-E-G. (3.16)

where P and E are the annual precipitation and evapo-
transpiration from the area tributary to the aquifer. R is the
mean annual runoff from the aquifer area and G 1s the mean

annual surface discharge from the aquifer.

322 Artificial Recharge of Gronnd water :
Water may be forced into the ground for the following
Purposes : (1) to dispose of waste water, (2) to replenish
OVerpumped ground water aquifers, (3) to-form a fresh
M barrier against intrusion of sdlt water into heavily
Mniped ground water reservoirs along the coast and (4) 10
c"mpllmﬁ:nt or replace surface storage by ground StOrage m‘ :
lncreas‘“b the safe yield of surface supplies. Recharge may
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be accomplished by induced infiltration, spreading apg
e a

recharge well.

Ground Surface

Water Table Sea water Level
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8- 3.17 Effect of pumping Fresh and Salt water Intrusion
Phenomena near 3 coastline
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3 Salt Water Intrusion in Coastal Areas :
gie! & - . o C g
Fresh water 18 found in contact with salt water in coasial
C
A natural equilibrium between fresh and salt ground

areas.
water develops along coastlines. The specific gravity of seq

water is about 1.025 and the fresh water floats on the seq

water. Hydrostatic equilibrium would require a fresh water

column about 1.025 times as high as a salt water column.

i e. Ift. of fresh water would exist above sea-level for each

40 ft below sea level as shown in Fig. 3.15. Conditions of
hydrostatic equlibriutn do not occur, however, because of
the hydraulic gradient imposed by the sloping water table.
Magnification of the interfaces near the sea-level shows that
the fresh water is flowing out of the fresh water-aquifer
through a seepage face and across a portion of the sea
bottom into the sea ( Fig. 3.16). Thus the true shape of the
interface is governed by hydrodynamic balance of fresh
water and salt water. For most conditions, however, the 1/40
ratio rule may be applied without introducing serious error:

If the water table lowered hy pumping. equilibrium s
distrubed, and an inverted cone of salt water runs under the
well (Fig. 3.17;. For equilibrium. the salt water rises
approximately 40 ft. for each foot of drawdown in the fresh
Water. This severely limits the pumping rates of wells-along

Coastal areas.

- Radial wells which operate with a small drawdown and
: e : 1
®ed not extend below sea level can be used to avoid
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pumping salt watér. This iechnique 18 widely used for Watey
ere the fresh wat

of the fresh groundwater may

the salt water to advance

supplies on islands wh er lens s surrounde

by salt water. Overdraft
reduce the gradient and permit

‘1land. Recharge wells along the coast
adequate fresh water (O avoid salt

have been tried ag

means of maintaining
water intrusion. Salt water intrusion presents an dlc" ming

problem to the coastal areas of Bangladesh.
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QUESTIONS ko

(. Critically examine the merits and demerits of ground water
over surface water as a source of municipal water supply.
(BUET. 63.69)

7. Discuss briefly the occurrence of ground water.

3. Write explanatory notes on the following :

(a) Aquifer. (b) Aquiclude. (c) Connate water. (d) Artesian
aquifer. (€) Springs, () Piezometric water level. (g) Hot
springs, and (h) Geysers.

4, Explain briefly the geology of ground water. (BUET, 64.70)
5. Discuss briefly the ground water hydrology, ( BUET. 66, 72)
6. Explain briefly the physical laws of ground water flow. and

give a mathematical analysis of the "Theory of flow" into an
ordinary well in the light of above laws. (BUET. 62. 68. 72)
7. State the hydraulics of ground water flow into an artesian
well and deduce a mathematical expression for the yield of
such an well having given. well diameter, 12 inch and the
radius of circle of influence. 650 ft.
What would be the effect on the yield of this well if a
similar well is located at a distance of 300 ft and both the
wells are pumped at the same time ? (BUET, 63)

8. With an ordinary well of 1 ft. diameter, having a depth of 100
L below the level of water table. the depth of water when
the well i pumped is 80 ft. The coefficient of permeability
51923 gallons per sq ft. per day and the radius of circle of
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¢ influence. 1.000ft. What is the probable flow into the wel] g
Ans. 970 gpm,

. ‘ 3
this rate of pumping in gpm ? (BUE . 72) :
{ undergroung

9. For extensive exploration of the extent O . ,
water in a locality what study of the subsoil will you make
to evaluate the same ? (BUET. 64. 69)

10. An 18 inch diameter ordinary well is being pumped at a rate
of 350 gpm with a drawdown of 30 {t. The static depth of
water in the well is 200 ft. During pumping the depth of
water in a similar well, not being pumped. at 3 distance of
24 ftis 185 ft. At what rate could water be pumped from the
two wells. if both the wells were being pumped together
with a drawdown in each well of 30 t? (BUET. 65) Ans.
474 gpm '

1. A 12 inch diameter ordinary well produces 50 gpm when
the drawdown is 6 ft. This well penetrates an aquifer 105 ft
thick. Find the flow from this well for a drawdown of 6 ft. if
its diameter were : (a) 9 inch. {b)10 inch. Assume 'th.al the
radius of the cone ot depression is 2500 ft in all cases.
(BUET, 70)

12. Name and explain common features of ground waterl

collection works. (BUET. 64p. 68. 72)

13. Discuss briefly the various methods of well construction

Which of the methods do you think best for rocky strata and
why ? (BUET. 65. 72)

I4. Write short notes on the following :
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(a) well Sanitation and Maintenance, (b) Well log: (¢) Saf
o : c

Vield from an Aquifer, (d) Recharging of wells. and

() Salt water intrusion in wells in coastal areas.

15,Gr0tmd water 1S a vital source of water supply
Bangladesh. Discuss. (BUET, 67, 70, 72, 73)

in
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4
SURFACE WATER COLLECTION AND
TRANSPORTATION

4.1 Introduction :
Surface water is collected [rom TIVETS. |
canals. ponds and seas. The collection system 1s a set of

engineering works designed to convey water from a source
. to a distribution system via treatment plant and includes

intakes, suction pipes. delivery pipes and pumping stations,

4.2 Intakes :
The intake is a device placed in a surface water source to

lakes. reservoj;.

permit the withdrawal of water from the source and then
discharge it into intake pipe through which it will flow into
the water-works system. There are mainly two types of
intakes :(1) River intakes. and (2) Lake and reservoir
intakes.

River Intakes : Understandably. river intakes «are
constructed well upstream from points of discharge of
sewage and industrial wastes. Optional location will take

advantage of deep water a staple bottom.and favourable
water quality,

floods, debris
depth of flow

all with proper reference to protection against
and river traffic. Where the river bed shifts of
varies greatly, intake pumps may be mounted

on carrj
friages that are movyed up and down on the river bank
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o stay within desired suction lift as flows the ang Bl
river intake 1s shown in the Fig. 4.1.

':typlcal X
Stabilized River Bank
or lake Bank E
Pump
waler Level fLLLITTTTTIN discharge
> I:’_]":E""c"’h’:-.’lslelwa[er
discharge
-;:;:':':':::::.— :::: Ll"’ S P i
High = ump Celumn
Level
Iniake Inner cosing
diate —L
Intermedi ‘
Level Intake Quter cosing
Low il :..-_.
Level —» -
Iniake

Fig. 4.1 River or Lake intake with vertical pump

Lake and Reservoir Intakes : Lake intakes are sited with
due reference to sources of pollution, prevailing winds and
surface currents. Reservoir intakes resemble lack intakes but
generally lie closer to bank in the deepest part of the
reservoir They are often incorporated into the impounding
structure itself (Fig 4.2).

Roadway
Top Sail
Gutter
Rock Toe
Measuring
Device
'“t_“kﬁ Conduit Sluice Gate o
Fig. 42 Dam and intake tower for an impounded
Surface water Supply .
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Intake Velocities and Depths : Intake entrance should |;,

10 to 15 ft below the water surface but 4 to 6 {1 above ),
river. lake or reservoir floor to keep bottom sediments out o
intakes and entrance velocities are kept down to 3 or 4 ing}
pef sec, At such low velocities; vegetation debris and othgy
materials are not entrained in the ﬂow?ng water, fish ang
other aquatic lives are well able to escape from the intake
cureent. Gratings or-screens of 2 to 8 mesh to an inch are

provided at the intake-entrance.

Intake Pipe and Pumping Station : Intakes are connected
to the banks of rivers or to the shores of lakes and reservoirs
(1) by pipe lines (often laid with flexible joints) or (2) by
tunnels blasted through rock beneath the floor. The pipe
lines are generally laid in a trench on the river bank or on
the lake or reservoir floor and covered after completion.
Pipe passing through the foundation of dam are subjected to
heavy loads and to stresses caused by consolidation of the
foundation. |
Intake pipe are designed to operate at self cleansing veloci-
ties, 3 to 4 fps. Flow may be by gravity or by suction. Pump
wells are generally located on shore or banks. Suction lift
~including  friction should not exceed 15 to 20 ft.
dAe‘i::ilnﬂiig,fa}:;:pi wells are often quite deep. The
s the elevation of water level in the
river, lake or reservoir in times of drought.
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ntake Design C?nsiderations The following  4re
mportant considerations for designing an intake : |
1) Selection of a particular type for the given source,
2) The magnitude of the external forces (Waves, currents
. and blows from floating and submerged objects) to be
. resisted by the intake. |
Consideration of the total lift from the source to the
treatment plant and selection of a suitabje pumping unit.
(4) Determination of the total length of suction and delivery

mains, head losses due to friction and small bends
enlargement and reduction.

-

(5) Selection of a suitable screen to provide around the
. intake pipe not to permit entry of large and small
objects, such as. logs, stones, aquatic lives and
vegetation.

{0) Installation of intake valves or port holes at 2 or 3
- different levels to get the best available quality of water,

eliminating seasonal fluctuation of water levels.

=3

(7) Detarmination of cost-benefit ratio. To reduce the cost,
the intake elevation is often made higher so that the
water flows to the treatment plant by gravity.

(8) Assurance of the safety of the intake structure, provision

future extension and installatfon of standby units of
Pumps,
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4.3 Transportation of Water : |
| s for the transportatiol

to the treatment plants and subseque,
form an important part of t,

1 of water from {
The arrangement he

source Qf supply
distribution to the consumers

water-works system. The source of supply usually being ,,

some distance away from towns and |cmes, it 1S necessary

construct structures for the transportation of water. Theg

structures are know as pipes or conduits. There are tw,
general classes of pipes: (1) Pressure pipes in which t
water flows under hydraulic pressure, and (2) Gravity pipes
(open channels ) in which the water flows by gravity.

A pressure pipe is also defined as a pipe flowing full. Such
pipes are often less costly than open channels (canals and
flumes / because they can generally follow a shorter route.
[f water is scare, pressure'pipes may be used to avoid lossof
water by seepage and evaporation which generally occurs
open channels. Pressure pipes are preferable for publi
water supplies because of the reduced opportunity fo
pollution.

The open channel may take the form of a canal, flum®

tunnel, aqueduct or partly filled pipe. Open channels are

cl?arcterlzed by a free water surface. in contrast to press®
PIpes. which always fiy]],

4-4 Pressure pipeS:

The des; iti
sirable qualities of Pressure pipes are as follows:
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1y They should be made of durable materials s that n
ge develop causing wastage of water. ’
should be strong and of sufficient thickness to

d both internal and external stresses.

(

leaka
(2) They
withstan
The inner surface of the‘pipe should be very smooth so

that the resistance to " i, R W

3)

(4) The pipe materials should not impart any physical or

chemical effects to water.

(5) The pipes should be light so that transporting, handling
and laying the pipe under different conditions of
topography, geology. and communication become easier

(6) Low initial cost and maximum service period of pipes
are desirable. |

(7) The pipe materials should be so selected that annual
maintenance cost is low, joints can be made easily, offer
adequate resistance to the corrosive characteristics of

soil and water and highly skilled labour is not required

for their laying and construction.
(8) Tte pipe sections should possess good hydraulic

properties.

Materials for Pressure Pipes: The principal pipe materials
are steel, cast iron, concrete, wood, asbestos-cement. and
MVitrified clay, PVC, etc. Relative economy plays a large part

M the selection of pipe materials but availability of skilled
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truction and accessibility of the site may :
S
{abour for con
influencing factors.

e has been used in all sizes upto moy

70. ft. in diameter. Steel pipe in sizes of 1 to 12 inchj,
i ontinuous tube formed by drawing ovey

drel. In sizes under 47 inch, steel pipes are often mage
ndrel.

atfnl&n;_z, narrow steel plates which are bent to shape ang
of long, I . |
welded or riveted along 2 spiral joint. This type of pipe has

ble flexural strength. Larger sizes are built on the
steel plates. Steel bands or

el Pipe : Steel PP

diameter 15 oftenac

considera
job by welding or riveting
stiffening ringe are sometimes provided on larger steel pipes

to aid resisting bursting, pressures. The working stress for
steel is usually taken as 16,000 psi. Steel pipes are made
much thinner than cast iron pipes because the material is

stronger, is more uniform and can be more easily inspected
and the defects are more readily located. | .
Buried steel pipes are not usual provided with expansion
joints since they are not subject to large temperature
changes. Pipes exposed to the atmosphere may, howevel,
require expansion joints to minimise temperature stresses.
In the range of sizes encountered in engineering practicc:
?te""l; Pipe sizes vary by 3-inch in;:rements from 12 to 30
;EC:i:r:z;t.erTEZ‘:nl:Y 6 inc? increments from 30 to 72 inch
ernal diameter of steel pipe depends O

the wall thicl. 8
all thickness, The life of any pipe material depends
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.. ery much on the conditions to which it is exposed. but
oroperly protected steel pipe should have a life of at least 40
years under ordinary conditions. Protection js commonly
provided both internally and externally. The internal coating
is applied centrifugaly and the external coating is painted or
sprayed on at the same time the internal lining is placed.
«'ast-iron Pipe : Cast-iron pipe is widely used for city
water supplies because of its high resistance to corrosion
nd consequent long life. Under normal conditions, castiron
pipe can be expected to last 100 years. Standard pipe sizes
are 2,3, 4,6, 8,9, 12,15, 18, 21, 24,27, 30, 36,42, 48, 54.
60,66.72 inch in diameter. The usual length of a pipe section
is 12 ft but lengths upto 20 ft can be obtained. Cast-iron
pipe is made in several thikness classes for various
ressures upto a maximum of. 350 psi. Its main advantages
are durability, resistant to corrosion, ease of laying, joining
and admitting of junctions. Cast-iron pipes are usually
?Pped in a bituminous compound for protect_ion_lagailll_st
torrosion and to improve their hydraulic qualitieé; larger
' “are provided with a lining of cement mortar.

Concrete Pipe : Reinforced cement concrete pressure pipe

S generally used for large water supply systems. Such. pipe
the advantage of good hydraulic properties and fhe pipe
® Tesistant to tuberculation and corrosion. When the pipe is

__perly made and laid, the leakage is small.
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s upto 72 inch in

iJable 1N size
ported to hay,

is av vail
180 inch have been I

concrete P ipes ar

der 12 inch in diameter The reinforcemen

e reinforceg

und wire or ellipticy|
{ usually consists of
tter control in its
her quality and
e same Size,

the reinforcemen
_ Because of the be
e is usually of hig

ast-in-situ pipe of th
ve plant and forms over long

s relatively ‘expensive and is
zes not available in precast
ulties make use of precast
ould at least last 40 to

faeture, precast pip
so thick as €

manu
need not t0 be
Because of the need to mo

distances, cast- _in-situ pipe 1
normally used only for pipe si
form or where transportation diffic

pipes impossible. Concrete pipes sh
60 yrs under average conditions. Alkaline water may caust

rapid deterioration of thin concrete sections. Concrete pipes
carrying vaste water may be subject to sulphide corrosion
and may be short lived unless proper precautions are taken:
Nowadays, prestressed concrete pressure pipes are used in
u;ater supply systems. This pipe withstands veily high
apnzss:::;ld ll:s :d\;mtageous because it requires less- steel
ut it is costlier because special hig ah

strength st
g eel and  fechniques are r it
manufacture. required 1D
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(chestos cement Pipe : Asbestos-cement pipe is mé&;e

asbestos. silica. and cement converted under pressure

m-
o 3 dense. homogeneous material possessing considerable

grength. The asbestos fibre is thoroughly mixed with the
cement and serves a reinforcement. Asbestos-cement pipes
are available in diameters from 3 inch to 36 inch in 10 1o 15
ft lengths. The pipe 1s manufactured in three different grades
intended for internal pressures of 100:150 and 250 psi.
Asbestos-cement pipe is assembled by means of a special
coupling which consists of a pipe sleeve and two rubber
rings which are compressed between the pipe and the
interior of the sleeve. The joint is as resistant to corrosion as
the pipe itself and is flexible enough to permit as much as
12 deflection in laying pipe around curves. Asbestos-cement
pipe is light in weight and can be assembled without skilled
labour. It can be joined to cast-iron pipe with lead or
Sulphur-base compounds. It is easily cut and tapped, drilled
and treated for service connections. The hydraulic efficiency
of this pipe is high. It is highly resistant to tuberculation,
incrustation, and corrosion. The pipe is easily damaged by
CXcavation tools and does not have much strength in
bending, " e 4 |
Yitrifird-day-Pipc: Clay pipe is not often used as pressure
Pipe but widely used in sewerage and drainage systems f(?r
flow a partial depth. The main advantage of clay pipe 1§

that it js virtually free from corrosion. has a long life and its
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h hydraulic efficiency. Ug, s

. rovides hig i i
uE § e is usually preven ted by its loy |

difficulty of securing water gy, |

gmooth s

- . l'

" ¢lay pipe under presst

1 jon ¢ 1€
strength in tension and tl

. . most ade in 3 to 5 i lengfp
Clay pipe 1s M
Inside diameters vary by

eters, greater than 36 inch

commonly m ‘
5 inch increaments from 4 to )

is rarely used.

inch diam

Pipe: PVC pipe j

PVC (Poly  vinyl Chloride) |
oloride, resin and song

manufactured from poly vinyl ch D, .
stabilizer. It is manufactured for wide range of dimensiopg

and pressures. These are specified by the manufacturer ang |
have to be strictly followed. The pipe material does not hae
any detrimental effects on the water flowing through it
These pipes are very light and easy to handle.

They are highly resistant to tuberculation, incrustation and

corrosion, but not resistant to temperature exceeding 15(0°
C. Because of their adaptability, use and serviceability, PVC
pipes are nowadays preferred to steel, cast iron, or concrete
both in water supply and sewerage systems.

G. L. (Galvanized Iron ) Pipe : G. I. pipes are generally

distribution branch lines
ing and fixing branches
r fitting and fixing taps
from 1/4 inch to 12 inch

used for service connections from
They offer great facilities for fitt
bends, for reduction in sizes, fo

cock ' 1
S, etc. Pipe diameter varies
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larger diameter pipes up to 18 inch are availaple but they are

very costly. For acidic water, these pipes may cause lead

poisoning._

Miscellaneous Pipes : Other materials used for pipe
include-copper., wrought iron, plastics, asphaltic fibre and
lecad. Copper and wrought iron are used for small diameter
pressure pipes. Copper is quite expensive but may be
advantageous In situations, where corrosion is likely to
occur. Plastic pipe is corrosion free and light in weight. Its
low strength. however, does not permit it to be used in large
sizes. It is mainly used for washing purposes. Asphaltic
fibre pipe is sometimes used as house connections to

sewers. Lead pipe is used as pressure pipe in house

plumbing.

45 Corrosion of Metal Pipes :

~ Metal pipes are subject to corrosion. Corrosion is a
phenomenon by which metals and their alloys are attacked
by the environment consisting of chemicals. There are
mainly two types of corrosion in pressuse water pipes. (1)
External corrosion and (2) Internal corrosion. External
“Orrosion is caused by external agents like biological action.
OXygen, efc., and the internal corrosion is generally
allribyteq primarily to the nature of water which flows
throug pipes.
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- a metal resyls.
The chemical attack of an environment upon sulty

t ion of corros;
in the oxidation of the metal and the formatio Sive

products. usually the oxids, hydroxides, carbonateg

sulphides. etc. In, most case, corrosion product is insoluble
in the environment and forms a separate phase on o
adjacent to the metal. Hence, corrosion may be.deﬁncd
simply as the process by which the metals and their alloys
are destroyed by chemical or electrochemical means. So,
according to reaction with metals. corrosion is of two types:
(1) Chemical corrosion, and (2) Elcctro-chemical corrosion
(Electrolysis). In its simplest from, chemical corrosion
occurs when iron enters solution as positive ions and
combines with the negative ions of water to form ferrous

hydroxide. 1f the water  contains oxygen, the ferrous

hydroxide is oxidised to ferrjc hydroxide, an insoluble, red-
brown precipitate. The initial rust-coating which form on
the pipe tends to protect it from further corrosion, but the
coating is not imperméable and SO |

continues, Water, with a lar
dioxide is

me corrosion usually

&€ amount of dissolved carbon

- AN active corrosive agen. Corrosion of metal
PIpes  results

_ in the formation of
hydroxide on the inside of the pipe. Thj

; ,
uberculatlon) decreases the Pipe areq g
foughness,

_ Y-reducing (he
Iron pipes of Smaller dj

tubercles of ferric
s deposit (known as

thus great|
Capacity. Cast.-

ameter have had thelr

154
Scanned by CamScanner



W-’:'ltel‘ Supp]y

qpacities reduced as much as 50 percent i s

mbel‘cualtion_

corrosion of metal pipes may result from electroly

Year by

W * » . SIS,
[lectrolysis 1S often caused by the galvanic action resulting

when two dissimilar metals are immersed in water. The rate
of electrolysis depends on the dissimilarity of the two
metals as indicated by their relative position in the
electrochemical series. A metal which is high in the series is
dissolved and deposited on the other metal. This type of
corrosion may occur in water supply systems between pipes
and fittings of different metals or between the pipe metal
and the impurities in the pipe metal. Pipes laid in soil that
has a high electrical conductivity are principally vulnerable
toelectrolysis.

The following are some of the important causes of corrosion
of metal pressure pipes : B e |

(1) Pitting : Localized pitting 1s usually caused in meta
Pipes boy the concentration of electric currents resulting
ftom the potential differences on the metal surface which

“celerates. This process is Also accelerated by dissolved

0) ;
¥Ygen content of flowing water.

sz) "lucnce of Acids and Alkalies : Acidity oF alkalinity
g assing through pipes will. help vigorously 10

corrode Di Pes.
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r Compounds: The infleunce of

| f Sulphu
(3) Influence ol SUP i harmful. Tt has beg,

; tal pipes '
sulphur compounds on me | |
1 articles raise X

reported that the presence of sulphide pa icles raised (he

' or cent. The ¢
proportions causing rust from 22 to 90 per c€ fFegy

of sulphide is almost due t

sulphide which accelerates the

o the liberation of hydrogen

attack of acids on the pipe

metal.

(4) Biological Action: Soil contains various types of

bacteria both aerobic and anaerobic. Certain anaerobic
bacteria are capable of rendering the oxygen present in
sulphates, nitrates and carbonates available for the free
oxygen and thereby corrosion will proceed pace. The most
important sulphate reducing bacteia (Vibrio desulphuricans,
which can cause serious attack on buried pipes when three
conditions are satisfied : (a) Absence of oxygen as in many
clayey soils (b) Presence of proper food (organic matter)
and other environmental conditions needed for the growth
of bacteria and (c) Presence of large amount of sulphates.
These conditions occur in many calyey soils and lecad to

Intense  corrosion product is black iron sulphide. If

subsequently the conditions become aerobic the iron

sulphide is oxidised to terric sulphate, which accelerates the

corrosi i ¢

. 0sion by acting as an OXygen carrier, acid is said to b¢

Iberated i idati : ow
in the oxidation process giving pH values as |

48 3-5-whj i
which may also stimulate the attack. Sulphat€
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They
with

- ducing bacteria cause corrosion of ferrous metals
work in absence of oxygen to react with sulphateg ar;d
oraanic compounds  containing sulphur in the g to
oroduce hydrogen sulphide. Bacteria do not attack the pipe
directly. The hydrogen sulphide combines with irons to
form compounds of sulphur iron or it combines with water
to form sulphurous or sulphuric acid which corrodes the

pipe materials.

(5) Cavitation : The effects of cavitation are similar to
those of corrosion but are due more to erosion. The sudden
and alternate making and breaking of high vaccum and the
creation and condensation of water vapour cause a
bombardment of the surrounding surfaces with particles of
water and water vapour moving at a high velocity thereby
accelerating corrosion.

(6) Temperature: The increase in temperature accelerate
the rate of corrosion. The rate ot corrosion in water pipes
may be increased three or four fold by raising the

temperature from 60 to 150°F.

(7) Velocity of Flowing Water: As the velocity of the
- Water in the pipe increases from linear to turbulence type,

the rate of corrosion is sharply increased.
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. . ~neacion in water pipes caug
Effects of Corrosion : Corrosion 1 s 4

great economic loss. Both direct and indirect losge

resulting from corrosion are vast and undesirable. Rerllucing

a corroded leaky-water main by the road side is very

difficult and costly. Corrosion greatly reduces the presgy;,
head and results in increased cost of pumping and short [jf
of the water mains. Leakage in domestic plumbing ﬁxu_lrt_?s
due to corrosion involves not only the replacement but als,
repairing damages to walls. floors. etc. Rusty water due to
corrosion causes strain in cloth after washing, produces,
unsightly marks on the plumbing fixtures and unsuitable for

domestic uses.

Control of Corrosion : Corrosion of metal pipes may be
reduced or eliminated by protection coatings of paint.
galvanizing, bituminous compounds. or cement linings. Red
lead paint or zinc pigments, offer some protection and are
used on the exterior of exposed metal pipes. Other metallic
protective coatings are tin coatings,, nickel coatings.
chromium coatings - and copper coatings. Galvanizing by
dipping the pipe in molten zinc is an effective corrosion
colntrol except for highly acid waters. Galvanized pipe 18
- Widely used for small service lines in distribution systems
| pes.
szdrge PIpes are usually protected by non-metallic coatings

éuch as b a .
bituminous coalings or cement linings. Numerov
L}

but is too €xpensive for large pi

158

Scanned by CamScanner



Water Supply

Commercial bituminous compounds are availab

E et le f
hot and cold application. or both

4.6 Scale Formation In Pressure Pipes :

~ gcale formation in water pipes is mainly due to the presence
of dissolved mineral matter and gases under favourable
conditions of temperature and pressure. Scale formation
caused water pipes to wear out and burst out very soon as
the cross-sections of the pipes are reduced and this also
causes insufficient discharge through pipes. Scaling also
causes water unfit for domestic and industrial uses.

The impurities which are mainly responsible for scale
formation in water pipes may be classified under two heads:
(1) Dissolved mineral matter, and (2) Dissolved gases.
Dissolved mineral matter include the hardness producing
substances, i.e., carbonates, bicarbonates, sulphates and
chlorides of calcium and magnesium, and silica. Dissolved
gases include carbon dioxide, oxygen, nitrogen, hydrogen
sulphide and methane.

Control of Scale Formation : To control scale formation in
pressure pipes, water is softened. The chief objective of
Water softening is to remove dissolved mineral c.:omp'i’un‘.iS
Which constitute the hardness and which deposit. scales I
Water pipes, boilers and hot water heating system, Cause

' . ino textile
Serious  difficulties in many processes including t
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finishing, dyeing, canning. Papel maKIAg;:; cold ring

preparation, tanning and others.

The following are the effective p
removed from water - (1

rocesses by which Seal,

forming minerals and gases are
Lime-Soda process, (2) Zeolite process, (3) Phosphate

process, and (4) Lime process. All these processes are

dicussed in chapter 8 (water purification ).

4.7 Forces Acting on Pipes :

Pipes carrying water under pressure must be designed f
withstand stresess caused by internal and external loads, ang
temperature changes, and to satisfy the structural and
hydraulic requirements. The forces are :
. Internal force; due to static head
2. Internal forces due to water hammer
3. Forces at bends and changes in Cross-section
4. Forces due to temperature changes
5. External forces in the form of backfill, traffic and own
weights.
Internal Forces dus to Static Head : Internal forces due 10
static head create hoop stress (transverse stress Of
circumferential stress and longitudinal stress.
Hoop stress, S, = pd2t.  (4.1)
where S, = hoop stress per linear length in inch of the Pipe'
P=intersity of static pressure in psi=wh, in which
his the static head and w is the unit wt of water.
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4 = pipe diameter in inch,

= thickness of the pipe shell in inch,

Longitudinal (tensile) stress, S;= pd‘z/[4t(d+tﬁ] 4.2)
- pd/4t (approximately) (4.3)

water Hammer : One of the most damaging factors to a
water piping system is water hammer action. In addition to
its effect on the piping system, water hammer causes
banging noises in the system that are very disagreeable to
occupants in the building. Water hammer occurs when a
colum of water flowing thtough a pipe line and discharging
at an open outlet, is suddenly stopped by closing the outlet.
Since flowing water has force, tremendous pressures result
at the point of closure and pressure surges move along the
pipe. The manner in which water hammer occurs is

illustrated in Fig. 4.3.

Phase 1 : The valve on the line is closed and the water
contained in the line is at rest. Water pressure is thus exerted

1

'nall directions in an equal way.
Phase 2 : The valve on the line is open and water ﬂow'i‘

recly through the open outlet. Now the water pressurc is | \
n . ;
Uilized to fopee the water out of the open end of the pipe. \\

Atrows indicate the direction of force in the column of \
Water, \
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quickly closed, the column oy
stopped : excessively hig),

point of stoppage. This

Phase 3 : When the valve IS
freely flowing water is suddenly
pressufcs are generated at the

reaction is the same as would result
velocity of water were suddenly

of a steel bar MOVing

through the line at the

stopped by the valve. | |
Phase 4: In an effort to equalize the pressure build-up of the

water. a shock wave will travel back along the branch line
until a larger diameter pipe 1s reached. This will allow the
shock wave to dissipate itself. Arrows denote the direction
of force toward the valve and then its reversal as a shock
wave toward the point of relief. Since the shock wave
travels at speeds in excess of 4000 fps. it causes a piping
clatter all along its route. Often the shock wave will
oscillate back and forth between the valve and the point of

relief until the pressure is stabilized with the branch line.

g.:u::::::::: ==]<—Valve

Valve is Closed, waler is at
Resl and Pressure is Equal
in all Directions

/ Valve

[@v = =F = =E —= Valve is open, water is Discharing

— Freely at outlet, Pressure is
Exerted towards Outlet

Phase 2
N A/ |
= = = Column of water flowing slams

4 against Valve when it is quickly
m Closed

Phase 3

— = — s shock wave Rebounds

7 X lv\\;\\.\ Setling up water Hammer
” in the Brance Line

Phase 4 .

Fig. 4.
g-4.3 How water hammer can Develope in a Pipe Line
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[he pressure generated by the shock w
| fien rupture the piping. Although pipi
associated with water hammer,

ave can €Xpand apg
ng clatter jg Normally
You cannot assume thyt
 yhen these noises do not occur, that the shock wave g non

existent. Quite often, water hammer takes place Without any

physical sounds. Therefore, it is very important that piping
systems be designed with all due consideration given to the
means that compensate for the action of water hammer.

Causes of Water Hammer: Not all the noises heard in the
piping system can be attributed to water hammer. Loose
faucet or valve washers can cause a pounding or chattering
in the piping "Improperly supported and secured piping can
created noises as the flowing ‘water causes the piping to
vibrate and thus rattle, against steel members. This noise is
easily transmitted through the piping system, undersized
Water piping with excessive pressures will produce shrill
Sounds. Then of course, there is certain, equipment, as
Pumps, that will produce noises unless the Pumps are
insolated and the piping connections are equipped with
flexible piping connectors.

Ii‘ks for water hammer, it is generally impossible to PfediCt
U where in the piping system that water hammer will
OCCuUr. There may be a small diameter branch line in the
stem Which by the nature of its length and the fixture it
i should produce water hammer, yet it does not. On
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the other hand a larger diameter line which should not cas,

: s ise.
water hammer often will cause such no

One of the basic causes of water hammer IS quick ClOSlng of

valves. These include any valve or fa

rapidly. 1f the same valve were closed sl
chance to’ stabilize withoy

ucet that is closeq

owly, then th,

flowing water would have the

producing the shock waves of water hammer. However
since these valves mugt Junction in the manner intended,
other means must be employed to minimize the violen

action of water hammer.

Other factors that contribute to the positive occurrence of
water hammer are excessive water pressuers. inadequate

piping sizes and water piping that is improperly installed.

Methods of controlling water hammers. In order to
eliminate the danger and piping clatter that results from
water hammer, it is important that certain steps be taken in
piping system design to compensate for the excessive
pressures that are generated when a column of flowing
water is suddenly stopped.

The consideration needed is some means or device that Wil
Pprovide ﬂexibility in the system to absorb the initial Shock

v\fave of water flexibility thereby confining the action 0 :
given section of piping. |
- Air | I : _ _ och
(s the most effective medjum for absorbing the shock
wave ' ¢ 1
vased by water hammer_ for (1) water is ey
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l:ompl-egsible; (2) air can be compressed tq considerable
Ils the

essure when the water compresses the air, it also fj
oid offered by the displaced air. Because water has this
fexible means to expend its force, the shock wave that

would otherwise result, is quickly absorbed. The manner in

which air serves to eliminate water hammer is shown in

==

.......

/M

=
[a

Wwater Discharging
Freely al The Outlet

h Air Chamber
s

Entrapped Air

*— Waler al Rest

Flow —® f—¢ —=¢ —_jj
Water Brance Line ._f
(A)
Air Chamber
=—=={«— Entrapped Air
4444
= I]-—Value fARd |
e
— =¥ fr
Mole: Arrows Indicalte
Lines of Force
or Pressure

Flow ————— [— —%¢
Water Brance Line _J

(B)

Fig. 4.4 How Air Chambers cushion the initial shock wave
generated by water hammer

The Fig 4.4 (A) shows water flowing in a branch line and

discharging at an open outlet. Water in the line from a to b

IS at rest with very little pressure exerted on the air that is
Contained to the chamber. The Fig. 4.4 (B) illustrates the
“Ondition when the following water is suddenly stopped by

the Valve. The shock wave generated rebounds but is
absorbe by the air in the chamber. Thus by absorbing the

165
Scanned by CamScanner



water Supply

essure 18 stabilized ang i
¢

the water Pt
er has been Icl
on used only for example 1

- ., " Ck \Va\’eq
initial sho noved. Both de;
L S |

water hamm
and have be

jomenon of w

occasion of
are diagmmmctric
g how the phet
rolled.

‘ ater hammer cap |,
showin ;
properly cont
The extent of water
of air chambers tO abs

pressure in 2 given line and the requireg

sizes orb the resultant shock wav

can be computed.

Water hammer pressure
use of slow-closing valves, automa
s. It is seldom that any two causc of water-

s can also greatly be reduced by the

tic relief values ang

surge tank
hammer are exactly alike.
Each must be studied, and one or more of the devices

available for its suppression must be used alone or in

combination with others.

.Forfes at bends and changes in cross-section : A chang
in direction or magnitude of flow velocity is accompained
:Jy a change i.n the momentum of water. The force required
:) ;.)ro‘duce .thl.S change: in momentum covers from pressure

ariation within the water and from the forces transmitted 1

the water fro .
m the pipe w s ,
section. pe walls. For a pipe bend of unifor™

Longitudina] force =g (nd ) t
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where 1 the umt stress, d is the diameter of
e

all thickness of the pipe. Pipe and

the W

«oilar expressions for forces devel
Similat cloped for a pj
Ipe bend of

COntraction  pq
enlargement can be computed. These stresses can be

eliminated or reduced by providing an efficient anchorage
be the bend. contraction and enlargement,

non-unifbrm across-section, _ pipe

Forces due to temperature changes: Longitudinal stress of
considerable mangitude may develop in pipes exposed to
large changes in temperature. The change in length § of a
pipe length L when subjected to a temperature change AT is.

when o is the coefficient of thermal expansion of the pipe
material. If this change in length is prevened. longitudinal
stresses will develop. From the principles of mechanics of
materials it is known that in the elastic range.

O0SEE = EO/L ceverrreerenseereessannmnenness (4.6)

where o is the unit strain (elongation per unit length ) and E

is the modulus of elasticity and S is the resulting unit stress.

Combining Eqgs. 4.5 and 4.6 gives

i o (4.7)
This indicates the longitudinal stress that would result when

4 pipe with fixed ends is subjected to a temperature change.

Expansion joints are usually provided to reduce temperature
Stresses,
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‘ 1pe S as . -
External Forces : An unsupported pipe acts as a beam wj,

loads resulting from the weight of the p!

- i ed lo
in the pipe. and any other suppel Impos
action. generally termed as flexyy

pe. weight Of'wah,r

ads. The stregy,

resulting from beam
stresses. may be determiied by the usual methods

analysis applied to beams. A pipe is a fairly efficient bean,
section, and stresses resulting from beam action alone ar
usually negligible except for long spans or when there are
large superimposed loads. A rigorous analysis of the
combined stresses resulting from internal pressure: external
loads, temperature changes and beam action involves
application of the principles of elasticity.

Pipes are often placed in an excavated trench which is back
filled. or they are laid on ground surface and convercd with
earth. In either case a vertical load is imposed on the pipe. If
a load is superimposed on the pipe a portion of it will be
transferred to the buried pipe. The magnitude of the load
thus produced depends on the rigidity of the pipe. the type
of bending and the character of the fill material.

Rigid pipes (concrete cast iron and vitrified clay) cannol

deform materially without cracking. On the other hand.

flexible stee] pipe can deform considerably witthout

structural : L 2l
damage. Pipes are usually constructed in ditches
or trenche i ;
s which are excavated in natural soil and then,

covered ‘ '
_ by refilling the trench up to the original ground
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b Trench conditions of pipe installaion are shown
' diagmnmlalically in Fig. 4.5.

The vertical load to which a pipe is subjected, when so
onstructed. is the resultant of two major forces, The first of
these is the weight of the prism of soil within the trench and
Jbove the top of. the pipe, and the second s the friction or
shearing forces generated between the prism of soil in the
iench and the sides of the trench. The backfill soil has a
tendency to settle downwards in relation to the undisturbed
il in which the trench is excavated. The downward
movement or tendency for movement induces upward,
shearing forces which support a part of the weight of the
backfill. The resultant load on the horizontal plane at the top
of the pipe and within the width of the trench is equal to the

weight of the backfill minus these upward shearing forces,

as shown in the Fig. 4.6.
Top Natural Ground

e | 77TTITITIT

y V,
f . ¥ ﬁ .
/] . . L/ ;
: . | f A .
1 Backfill - /
4 cjeisp /
. ¥ L ‘;
7 o L /
; : : L ;
YLl U g
/1 . /
":' ' f ' ; . ;
/1 . 5 /
] ol 7 / s
&, .
5 -, /! /
—B — - B —"
@) (b) ©
Fig. 4.5 Construction Conditions of P1pes
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R D
A pann i 1/7;7;,777
! F P |
H w:i%i%%don i
BA TN
'
\\\\\\\\\\\\ |
-

— 5"

Fig. 4.6 Load Producing Forces

According to Anson Marston, (lowa, USA) for rigid pipesin

narrow trenches. the load W in pound per foot of pipe has

been found to be
1 A —— (4.8) |

where B is the trench width at the top of the pipe. y is lhf:;
specific weight of the fill material. and c is the coefficier
characteristic of the fill material. and the ratio of cover
depth to the width of the trench. and 1s generally termed & |
load calculation coefficient (Table 4.1). The trench |oad
formula, the Eq. 4.8 gives the total vartical load O
horizontal plane at the top of the pipe. Rigid pipe will @
Eia:itfgai:jp:’lla:;isthl;):;ll; t(;n tl.“;e otther hand. the t]:dPeﬂjj
side fills may be expected - ‘S-We” Com'pacl si“"“
ol the total load Asp; e e (jblé
: esult. the load transmitted to a flex’
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pipe is less than that for a rigid one. The empirical formulgy
for the load on a buried flexible pipe in a narrow trench is
Vi1 ) SR—— (4.9)

where D is the outside diameter of the pipe.

If a pipe is placed on undisturbed ground and covered with
fill (as a high -way culvert ), the fill adjacent to the pipe is
decper than that over the pipe and can. therefore. still a
greater distance (Fig. 4.5c). Under these conditions.
generally referred to as embankment or broad-fill
conditions, a portion of the weight of the adjacent prisms of
fill is transfered to the central prism by shear. and the load
on the pipe is greater than for trench conditions. The

equation for the load on a buried pipe under embankment

conditions 1s

values of c, depend on the type of the pipe and the
characteristics of the foundation and backfill. Typical values
for ¢, are given in Table 4.2.

Critical examinations of the Eq. 4.8. and 4.10 indicate the
important influence which the width of the trench exerts on
the load. It is seen that the width of the trench at the
clevation of the top of the pipe is the controlling factor.
COllsequentl)'. the width of the trench should be kept of an
absolute minimum consistent with the provision of
Sufficient working space at the sides of the pipe. To this

3 i . - el“'
®d, the engineer computing the load, the engine
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supervising construction and the contractor actygy,

installing the structure should see eye to eye With respeeg ¢

the design criteria.

The load on a pipe is also infl
waicht of the backfill materials. This value may very wij dely

for different soils from a minimum of about 100 Ib/cu ft to 4
out 135. Ib/cu ft. The average maximumy

uenced directly by the yp;,

maximum of ab

unit weight of the soil which will constitute the backfill ovey

the pipe may be determined by actual density measuremen

in advance of the structural design of the pipe.
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Table 4.1 Values of the cocfficient of Eqs. 4.8 and 4 9
mterial Sand and | saturated Clay r——
gravel | top soil Clay

Specific weight 100 100 120 130

|b/cu ft.

T e
1.0 0.84 0.86 0.88 0.90
2.0 1.45 1.50 1.55 1.62
3.0 1.90 2.00 2.10 2.20
4.0 202 2.33 2.49 2.65
5.0 2.45 2.60 2.78 3.04
6.0 2.60 2.70 3.04 3.33
7.0 2.7 2.95 3.23 3.57
8.0 - 2.80 3.03 . 337 3.76
9.0 2.88 .1 3l 3.48 3.92.1.
10.0 2.92 3.17 3.56 4.04
12.0 | 2.97 3.24 3.68 4.22
14.0 3.00 3.28 3.73 4.34

T
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f the cocfticient cp for Eq. 4.10

Table 4.2 Values 0
: —d_;’-—/’ff_—-——__"ﬁ“\.‘
Cover depth Rigid pipc- | | .
_—:H/D U[‘i’ie]ding base FIeXIble p]pc |
pipe diametet qoncohesive average conditiong
backfill
IS

1.2 ' 1.1

'1;8 2.0 8

3.0 4.0 4.0

4.0 6.7 54

6.0 11.0 82

8.0 N 16.0 11.0

Loads of Pipes due to Superimposed [.oads. Two types of

superimposed loads are commonly encountered in the

structural design of pipes. They are () concentrated loads,

and (b) distributed loads.

The formulation for load due to superimposed concentrated

load is given in the following form by D. H. Holl's

integration of Bousainesq’s formula as
W Cp 1L
4.11)

SC: I SC ----------------------------
in which wec is superimposad concentrated load o

n the pir |

in pounds per foot length, ps. is the g,uperimpUSE |
-

c - : ;
oncentrated loads in pounds, 1 is the impect factQ’: o

the load coefficient which is a function of D/2H and v
shown in the Table 4.3, wher~ H is the height from ¢ of

174 B
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st the pipe 1 ground surface in ft,, D is the diameter of ¢,
3 €

ipe o ft,and L1 ths effective length of the pipe in (Fig

Fig. 4.7 Concentrated Superimposed load vertically
centered over the pipe

In case of a distributed superimposed load as shown in the

Fig. 4.8, the expression for load on the pipe is
............................. (0.12)
}Vhef‘? Wyq is the superimposed distributed lo
.'“ Pounds per foot length, p is the intensity
load ip Ib/sq ft, and. c, is the load coefficient wh

ad on the, pipe
of distributed
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function of N/2H and M/2H from the Table 4.3 : M ahd‘N-
are the length and width respectively in ft of the area ove;

which the distributed load acts.

Table 4.3 Values of load coefficient (¢;) for concentrated

and-distributed superimposed loads vertically centered

over pipes..
H
o M/2H or L/2H
L2H
' \OJ 02 04 06 0.8 1.0 12 1.5 2.0 5.0
0.1 0.019 0.037 0.053 0.089 0.103 0112 0.117 0.121 0.124 0.128

0.2 0037 0.072 0.109 0.252 0.202 0.219 0.229 0238 0.244 0.248
0.4 0067 0.131 0.190 0320 0.373 0.405 0.425 0.440 0.454 0.460
0.6 0.089 0.174 0.252 0.428 0.499 0.541 0.572 0.595 0.613 0.560
0.8 0.103 0.202 0.292 0.499 0.581 0.639 0.674 0.703 0.725 0.710
1.0 0.112 0.219 0.318 0.544 0.639 0.701 0.740 0.773 0.800 0.816
1.2 0.117 0.229 0333 0.572 0.674 0.740 0.783 0.820 0849 0863
1.5 0.121 0.238 0.345 0.596 0.703 0.774 0.820 0.86] 0894 0916
2.0 0.124 0.244 0355 0.613 0.725 0.800 0.849 0.896 0930 0.956.

[

4
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Uniform Load p
-030 p in pounds
ﬁ-’lehri sq. fi. Acting on the Area

Fig. 4.8 Distributed Superimposed Load Vertically Centered
Over Pipe .

Traffic vehiclas which cause loads on the pi]}Jé.s p}oduce
mostly dynamic loads. Suggested impact factors for various

kinds of traffic are as follows.

xample 1 : What is the probable maximum load on a pipe
4t in a trench that is 3.5ft wide if the depth of the fill
bove the top of the pipe is 9 ft and the filling material is
€ sand? (y= 120 Ib/cu ft.)

b i
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Solution : Here H=09 ft. B=35ft H/B. 9.5/3.5=2.57
Solu :

" From Table 4.1, the coefficient ¢ for sand and for this Vil
rom
of H/B is 1.73 (calculatcd)
+ Load on the pipe= cyB
=1.73 x120 x (3. 5)°

= 2540 pounds per linear foot.

Example 2: A 3 ft diameter steel pipe is buried on a trench
4 ft wide. The backfill is clay (y =120 Ib/cu ft) and the top
of the pipe is 6 ft below the surface of the fill. Calculate the

total load on ther pipe. Take the value of c as 1.2.

Solution: .
Load on the pipe =cyBD = 1.2 x 120> 4 x 3
= 1730 Ibs per linear foot.

Example 3 : An 8 ft, diameter rigid concrete 'plpé rests on
including ground and is covered with land (y= 100 Ib/cu f)
to depth of 6 ft. Calculate the pressure exerted by the fill
material on the pipe. Take the value of Cp as 0.9.

~ Solution :

Pressure exerted by the fill

& =yD*=09x | 2
= 5760 b/, i e e e
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B‘ﬂrum”' of Pipes :
Because of the complex nature of the combined stregs in

pipes. the stresses are rarely analyzed in detaj] except for

jarge and important pipe lines. Structurally, pressure pipes.

must resist the following forces singly or in combination.

(1) Internal pressure equal to the full head of water to which
the pipe can be subjected. |

(g)UnbaIanced pressures at bends contractions and closures.

(3) Water hammer or increased internal pressure caused by
sudden reduction in the velocity of water by rapid
closing of a gate or valve or shutdown of a pump for
example.

(4) External load in the form of backfill, traffic and their
own weights between external supports.

(5) Temperature induced expansion and contraction.

According to ASTM standards the pipes are tested for *
crushing strangth by two methods (1) Sand Bearing Test (2)
Three-edge beering Test. Strengths from sand bearing tests
will be 50 percent more than those for three edge bearing
test. Table 4.4 presents ASTM standards for crushing

Strengths of various types, of pipes in three edge bearing
test,

179 |
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' ‘rete Pineq ke
- Table 4.4 Crushing strength of Clay and C onsl .'lpes 6 .
| the three-edge Bearing Test : _

‘ i ser linear foot
(All strengths 1n pounds per li ) |
Reinforced Concrete

Internal ~ |{Clay '|Plain

Diameter Concrete|Class - |Class-11 [Class-IIT|Class y
in inch ' —  ——

4 |1.000 |1.500 |15,000

1200 [1,600
1200 |1,800
10 |1.400 [2.400 .
12 [1500 (2,500 [1.500 [2.000 [3.000 [3.750
15 [1,750 [2,700 [1,875 [2,500 (3,750 |4.700
18 2,000 (3300 [2.250 [3.000 [4.500 |5.600
21 (2200 [3.700 2,750 {3,500 |5.200 |6.500
24 [2.400 4,000 {3,000 (4,000 [6,000 |7.500

27 12750 | 13300 [4.500 [6,700 |8.400
30 13,200 - [3-750 15,000 |7.500 |9.400
614000 1 14500 {5,000 [9.000 |11.250
:z 5.250 (7,000 {18.500 |13.200
3y 16000 18,000 12,000 |15.000
. 7,500 110,000 {15,000 {18,000

T —————L 19,000 112,000(18,000 [22.000 F

-
—

Field Supporting Strength
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Loose Untamed . '
/ Earth = . _ \

ol
_‘/fLD
e Tamed
Trench Excavated to -Earth. .
Conform the Outside
of the Pipe
(a) Ordinary Earth Bedding (b) First Class Earth Bedding
(1.5x Three Edge Bearing) (1.8x Three Edge Bearing)
Lits ST 7777 oo TTTTT
' . w o
i ML
j 3 T

(c) Concrete L;ra dle

(2.1x Three Edge Bearing) (d) Concrete Cradle :
(2.5x Three Edge Bearing)

Fig. 4.9 Some Methods of Laying Pipes

The Fig. 4 9 shows severa[ types ot bendmg and mdlcatcs
the strengy ratio, i.e., the factors: by which, the: three edge
ba”ﬂg Strength. is multiplied .to find the effective strength
“blhe field, In general, all burled pipes should be placed on

*d Which hag been rounded to fit the pipe and the backfil
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- thoroughly tamed around gy,
[4

This 15 speciall
of the backfill aqq,

should be carefully placed

he top of tlie -pipe-
above the op era ressure
gth of the pipe-
failure in generally

y true of flexipy,

ﬁi.ijes since the
for the stren

st ultimate

r of safety agam ' . |

- ficgo' the design, of most engineering structures o
least 2.5 1n ]

e. The factor of safety of pipes again

is considerably less. It is therefore
imposed on the buricd

.appreciably

monolythic concret

ultimate collapse
important to guarantee that loads

pipes are not greater than the design loads. In order to attain

this objective the following procedures should be strictly

followed :

(1) Specifications should strictly limit the width of the
trench to the maximum used in design calculations. The
maximum allowable clearance specified should not be
exceeded under any circumstances. B

(2) Construction should be under ihe supervision of an
experienced engineer.

(3) Pipe testing should be done under the supervision of a
skilled technician in a testing laboratory and close
liaison should be maintained between the laboratory and
the field engineer. :

(4) The field engineer and the design engineer should-confer
time to time so that any
specific
for,

deviation from the desig!
ati L - 5
Ons 1s immediately corrected or compensalCLI
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4,9 Pipe Joints :

. The pipes are required to joint together pipes which are -
fnm]qble in smaller lengths, say 6, 10, 12, 15 and 20 ft.
only The requ1s1tes of a jointing material are (1)
imperviousness, (2) elasticity, (3) strength, (4) durability,
(5) adhesiveness. (6) availability, (7) workability, and (8)
-economy. |
There are various types of joints of which the powered joint,
spigot and socket joint, flanged joint. screwed and socketed

~ joint are important.

4.10 Pipe Layihg
Operation involved in the laying of ptpe -frames include the

following steps :

(1) Preparation of detailed maps of roads and streets :
Showing position of curbs, gutters. other unground
service lines-sewers. ex1st1nf, water pipe ( if there is

any) gas pipes, telephone and electnc conduits.

(2) Locatmg the proposed aliganment on the ground
The trench line is marked by driving centrally stakes
100 ft apart on stralght reaches and 25 to 50 ft apsrt on
carves

3) Fxcavatmg Trenches With w:dth sufhclent tO 3”0“’
+ The pipes to be properly laid and jointed, and with depth .
Sufficient to give adequate protection to the PIpes
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; t of traﬁlc and other factors. Width Is-
t impac 1o 18" MOTE than the outside drameter

such as to ;:we a ;_.round COVeI of

agains
usually, kept 12
. tthe pipe and deplh

about 3 ft. from ‘the top

(4) Preparatron of the bottom of the tr
the bottom of the trench should be carefully Prepar ed -

‘that the barrel of the pipe can bedded true to line and

gradient for its entire length on a firm sur face. In many
cases, a bed of concrete 6” threk would provrde a hard

'_I'and even surface and adequate protection against
possible settlement. Joint-holes should be left in the bed
at suitable intervals to assist in the jointing. of pipes

where necessary.

of the barrel of the pipe. -

Y

ench exeavatéd :

(S) Lowermg of pipes into the trench Prpeb stacked on
either side of the trench after transported to the site
‘should be gently and earefully lowered into the treneh 50
~asnot to damage thin outer proteetrve coatmgs or their
ends. Before lowetmg pipes should be wrped clean to
remove any dirt or forerg,n matter sttekmg to them

6 L |
( ) ay lng of Plpes Prpes are eeldom lard wrth a ﬂat SIOPL
| para]lel to the hydraulrc

gradient, Thls ir
lock troubles Ever 15 10 avaid any 2

y pipe le“gth Should therefore bt»—
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Jointi ipes : It sl e
(7) Jm.ntmg P p ) b.m.u'd Somitm to the operation
specification of pipe jointing.

and

) Anchoring of Pipes : At all bends, tees, valves and
other branch connections. it should be necessary to
provide thrust blocks of concrete to tratlsﬁlil- the
hydraulic thrust and distribute it over a wider area of the
ground. Where the hydraulic thrust is upwards as in case
of pipes on sloping grounds, anchor Mocks of concrete
would be required to be provided at regular intervals and

pipes should be firmly secured to them with steel straps.

9) Back Filling or Refilling the Trench with the
Excavated material: The material surrounding the
pipes must be soft and laid preferably in layers of 6" to
12" thickness, well rammed so as to resist subsequent
movement of the pipes. The remaining upper portion of
the trench may be refilled as before with the excavated
material and the top brought flush with the road level or
a little projecting above it for later consolidation by the

traffic.

(10) Pipe Testing : After laying and jointing and before
backﬁlling the pipe is required 1o be tested under
pressure. The test consists of filling the pipe-line‘\\*ith
Water expelling all air from within, allowing it to stand
full for some time and then applying the test pressure of
about 70 psi. The pressure is applied by means of a

185
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np -l’itted with a pressy
re

perated test pul
rried out In sections as (¢
I¢

ally ca
pen end of the pipe is closeg

le watertight plug.

manually 0

gauge. The test is gener
ds. The 0

pipe-laying procee
a suitab

for testing by fitting
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QUESTIONS

| What is an intake ? Mention the points that are 1o be taken
into consideration in deciding the loc_alion and design-of an
intake for the water supply of a large city, the source being
apperennial river. Draw a neat and detailed sketch of the
intake and describe it fully. (BUET.1964, '67 ; AMIB, '69)

9. Name the common types of pipes that are used for
conveyance of water. What are the desirable qualities jrou
will look for these pipes ?  (BUET 1963. 72).

Name common types of pressure pipes and briefly discus

their merits and demerits? (BUET, '62, '68, 72)

. Why scales are formed in pressure pipes? Do you think that
the scale formation in pressure pipes is harmful 7 Justify
your answer. (BUET, 1964).

5 Why is corrosion of great significance in connection water
supply pipes? What factors induce it? are employed to
minimise it? (BUET, 1965)

6. What is water-hammer? Explain the phenomenon water-

hammer by suitable sketches? How can you reduce water-
(BUET. 1963,

L5 T

e

hammer effect in water-works practices?
'68.'72).

. | ‘
Give ap analysis of the external forces

acting on buried

Pressure pipes.
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8 ‘A pipe 2 2 ft. dia. is lﬂld in a 11‘ench 4 ft. wide depth of g
pi :

above the top of the pipe is 10 fi
pipe if the fill is (a) satmated clay and (b) wet sapg

Assume slmda:d values of data not supphed (BUET. 60
9.. A pipe of 36 inch dia. laid in a trench 5 ft. wide the bottoy,
 15 covered with 22 ft. of saturated top soil. What 1s the loaq
| on the pipe‘; Assume reasona we values of data not given,

(BUET, 1972). by ool
10. Describe briefly the p:ocedule of laymg underground water

t, What is the load on (he

pipes in c1ty areas and mention the safety precaution you

will take to safeguard the traffic ‘and WOI]\nlel’l from an
untoward acc1dent (BUET '67 '71)
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Water Supply
PUMPS AND PUMPING MACHINERy

5.1 Purposes :

: pumps and pumping machinery serve {he follomn,:

purposes in water supply systems :

(1) Lifting water from the source so that the water will flow
into the mains by gravity.

(2) Boosting water from low service to high service areas. to
separate the fire supplies, and to the upper floors of
multistoried buildings.

(3) Transporting water through treatment plant, draining
component settling tanks, filter beds and other treatment
units, withdrawing deposited' solids,supplying water
(especially pressure water) to operating equipment and
pumping chemical solutions to treatment units

(4) Lifting water to the overhead water tanks or reservoirs to

flow by gravity to the distribution systems.

52 Types of Pumps :

Pumps may be classified according to the service for which
they intended in water-works, the power by which they are
driven, or the ~mechanical prmCIpies on which their
Operation is based. The fb]]owmg is a brlef descrlptlon of

€ach type :

. 189
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< of Type of Service These may p,
low lift pumps, (¢) high 1ift pumps,

e service pumps. and () stand-hy

'(i) Pumps on the Basi
(a) deep well pumps. (b)
(d) booster pumps. (¢) fi
pumps.

(a) Deep Well Pumps: | |
ice reservoirs or directly into the

These operate in tube-wells ang

pump water into serv
distribution system.

(b) Low Lift Pumps : These operate for small heads such
as at treatment plants for pumping water from one unit to
another and also for pumping water from river source or

reservoir source to the treatment plant.

(¢) High Lift Pumps : These operate under large heads for
pumping water from clear water-reservoir to the elevated

water tanks or directly into the distribution system.

(d) Booster Pumps : These pumps are used to increase pre-
ssures in parts of the distribution system where adequate
pressure cannot be obtained either because of greater
elevation or excessive loss of head in the distribution pipes-

These are also used to supply water in the upper stories of
tall buildings.

(¢) Fire-Service Pumps : These are used to build up

pressure to the extent required for effectjve fire-fighting in
factories and multi-storied buildings.

(f) Stand-by Pumps : These are used for large pumping

Installations where auxiliary forms of power are also
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pvailable. I case of temporary powe,

(electric
. 0
failure- the stand-by units can be drjvep P

on steam, djegg
- elC.

(2) Pumps on the basis of Power used tq Drive Them -
These pumps may E'Je classed as (a) steam pumps, (b)
gasoline pumps. (2) diesel pumps, and (d) electric pumps.
(a) Steam Pumps : These are used in large pumping plants
where prime considerations are (i) production of power at
low cost. (ii) durability of service, and (iii) flexibility in
operation.

(bj Gasoline Pumps : These are seldom used because of
high cost in continuous operation. They are, however,
suitable for stand-by service and are efficient for moderate
heads.

(c) Diesel Pumps: These are reliable and economical for
pump drives but not commonly used because of lower
speeds. These are suitable for use only in small capacity

water-works and as stand-by units.

(d) Electric Pumps: These pumps are generally used in all
modern water-works. Advantages include freedom from
- smoke and dust, quiet operation, economical supervision,
‘and economy of floor space for pumps and  motors.
Dis&dvantages include frequent power failure and necessity

of providing stand-by units.
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"(',f'Mc.cllanical Principleg of

ration : The comn‘:lonltvp'es are (a) displacement pumy,
eration : ) . )
P () airlift pumps. |

3) PUH{IDS on the basis

!

(b) centrifugal pumps. and e s 4 )
(a) ‘Displacehlénf Pumps : Tl.lese pumps .worl\ on the
principlé’: of mechanically inducl_llg vacuum m. A Cb_am:ber
thereby drawing in a vacuum of water ‘whlchF is thenT
mechanically displaced and forced out _Of'the chamber,*
These are of two types : (i) Reciprocating pumps, and (ji)

Rotary pumps. S A '

In reciprocating pumps, a plunger or piston is operated so as

to draw water into a closed chamber and to expéct it into the
pressure mains. The rotary pumps has cams or gears that

revolve in a Close-fitting case ‘and force the water around

and out of each revolution,

but this type is seldom used in
water-works, | : %
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According 1o the system of rotation

. (i) S Tight-hange o

'(il) Acc(}l‘diﬂg to the manner Ofcon\re]-sion Ofkincl.

: : ] -{C energy

(o static head as volume pumps, diffuser pumps tllrb'u
’ mne

ymps. and axial flow pumps.

(i) According to the number of stages as single-siage gy,
gage OF multiple-stage pumps etc, depending upon the
qumber of stages of pressure developed by impeller. Each
stage of the pressure head is added together by leading the
discharge from one impeller into the suction of another and
this when added to the initial pressure at the inlet, results in
an increased discharge-pressure of the centrifugal pump.

Characteristics of Centrifugal Pufnps: The centrifugal
pumps is essentially a high-speed pump, normally operating

at speeds more tha_n 1000 rpm; in some cases, efficient
speeds of 3,500 rpm are possible. The discharge is uniform
and consequently the power requirements also are
miform/Because of high speed of the pump, its direct .

connection to an electric motor is possible.

13
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Fig. 5.1 Operating Curves for Centrifugal Pumps

The discharge of centrifugal pump is fixed by the design
and by the speed. In Fig. 5.1, are shown typical operating
curves for a centrifugal pump operating at a constant speed
under various conditions. The pump was designed to deliner
3,000 rpm against a 185 ft. head with an efficiency of 85
percent. It is observed from the carves in Fi g. 5.1 that (a) the
discharge of the pump increases with the decrease in head:
maximum discharge being limited by a certain minimum
head below which the pump will not operate. The head
increases to a maximum at zero-discharge with the
disrcharge valve being closed. This condition is called shot
off head and should not be permitted to Jast long: otherwisé
pressure will abnormally rise above the design head. (b)
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Maximum efficiency is obtained wj !
'ﬁd high discharge and decreases tl:v;E:) dli:ls‘;frlyolrm;r:: d
> e
 discharge a' fact greatly utilized in rating pumps, (c) Th:;
- power required from the prime mover to drjve the pump
 increases with increase in discharge, this being maximum at
the shut-oft head, but as the discharge valve is closed under
~ this condition, the prime mover will riot be over-loaded.
f However, this centrifugal pumps are much easier to shaft
than other types of pump.
~ Advantages of Centrifugal Pumps : The centrifugal
pumps has a wide range of usefulness in water supply
systems, as it 1s relatively cheap, compact and simple, and is
adaptable in various kinds of power.

(49) Pumps according to the position of pump-shaft :

Pumps may also classified as horizontal shaft and a vertical
shaft pumps. Horizontal shaft pumps have such
characteristics as larger required head-room; less of
corrosion and abrasion and higher efficiency. Vertical shaft
‘pumps are commonly used as deep-well pumps and have
Such characteristics as lesser floor-space requirement,
Positive suction, easy priming, higher discharge head,
_hib’her initial cost and difficulty in maintenance.

WE" Pumps : These include deep well turbine pumps, air
-iﬁ Pumps and submersible pumps. |

Deep wel Turbine Pumps : A deep well turbine pump

PPerates in the same way as a centrifugal pump but the
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[ into which the water 1S discharged by the i me“L'r’iH
nel in

chan While somewhat

: hir
of uniform cross-section. Ehe,

fficiencies are obtained with a turbine pump thap With
efficienc

ordinary centrifugal pump, the initial cost is'higher and g,
cost of maintenance is greater for the turbine pump. Ty,
turbine pump is particularly adapted to def:p well Pumping
In Fig. 5.2 is shown a common type of deep well turbine
pump.

Air Lift Pumps : The air lift pump is particularly adapteq
for use in wells that are drilled through is at a considerapje
depth below the surface of the ground. In Fig. 5.3 are showy
the main parts of an air lift pump. Compressed air from an
air pipe is admitted into the education pipe at its lower end
through a foot-piece or air diffuser. The mixture of air and
water so created has a lower specific gravity than that of
water alone and thus rises to the surface. With the continued
supply of air, the column of water in the education pipe is
forced upwards ultimately discharging from an outlet of the

top. The effectiveness of this pump is dependent upon a

factor called percentage submer
D

5eh ® 100 ; whgre H being the effective lift of the pump

gence which is the ratio

and D, the depth of submergence, and H+D representing the

effective length of the education pipe. Its value should be !
least 25 per cent for the pum

P to operate at all and 70 pef
cent to operate of best efficien

cy.
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--l1]e advantages of the air lift pump are (a) freedom fron
5ubmbl"ed moving parts maxing them usefu] to handle
corrosive oF gritty materials, (b) case of operation and
maintenance the compression unit being located on the
ground surface. (¢) increased yield caused by forcing greater
4ir pressure into the pumps. and (d) its suitability for

 installation in crooked holes where other types of pumps are

~ Jeast suitable.

Disadvantages are (a) greater depth of submergence
necessiating wells to be made deeper, (b) low efﬁciencjf, 20
to 45 per cent, and (c) little flexibility in muting variations
in demands.

- Submersible Pumps : They differ from the usual deep well
pumps in respect that the motor here is below the turbine

~ bowls of the

197 |
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Water Supply

—

Fig. 5.3 Air Lift Pump
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- pump and submerged at all times in-the well. The water
pumPEd may be prevented from commg into contact with
' the clectrical parts or the motor bearings by enclosing in an
oil-filled case with a murcury seal where the shaft passes
~ (hrough the top. though modern practice is to allow the
windings to be surrounded by the well water which is
considered to act as a coolant and béaring lubricant Motors
(usually squirrel cage induction type) used with these
pumps are designed for long service without attention
should a motor failure occur, the entire pump-must be lifted
from the well. a disadvantage in extremely deep-well.
Submersible pumps are extremely useful both for shallow
and deep wells and especially where the well is poorly
alonged or crooked. They are easy to instal and can be made

of smaller diameter. Thin efficiency, however. is.
comparatively less.

3.3 General Considerations For Pumping Installations :

Suction Lift: The theoretical maximum suction lift for
pumps is approximately 34 ft.; but, because of various
losses, such as friction losses in the pipe and strainer. ar!d
loss due to velocity head, this limit can never be reached in
practical works. The elevation of any pump above the
Source of water supply should not exceed 22ft. and I‘(')rlz:
centrifugal pump, the practical limit is about lSd .ft. Cll‘ :.
suction pipe should be short. straight and of ample diam tha;
~ Strainers, when used should have a clear waterway area
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is at least 1'/5 times the cross. sectional area ol the suctiop |

pipe.

s : The cost of pumping is mainly the cost

Power for Pump -
at in areas of limited

of power to operate the pump. SO th

economic means the use of power is of utmost importance,

Stream engines. the gasoline engines, diesel engines, and
electric motors are commonly used (o derive pumps.
Electricity is to be preferred if it is available at resonable

cost. Electric, motors are reasonably low in original cost and

are cheap to operate.

Stand-by or Reserve Power : No matter what type of
power employed, it is desirable to provide some extra pump
units for use in case of breakdown or when repairs to the

regular pumps are necessary.,

Size of Units: A water-work pumping station is not
operated at full capacity all the time. This factor has
considerable tearing on the sizes of the pumps that are
installed in any particular station. As previously explai"‘?d-
the efficiency of pumping engines varies with the amount of
load. For example, the full load efficiency of the pump may
be 80 per cent, the half-load efficiency. not greater lhzmj5
Per cent and the quarter-load efficiency not greater than 50

per cent. Consequently, the complete pump installatio”

200
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.. hould be 50 designed that some of the Pump units may be
sh

_ operaled of the full capacity at all times. regardless of the
. variation in demand. When the demand is Increased.

~ additional pumps may be started, and when the demang s

decreased. some pumps may be stopped.

Total Lift of Pump : The total lift of pump or the total head
~ against which the pump must operate. is the algebraic some
- of the following quantities: The discharge lift or the vertical
~ distance from the centre of the pump to the level to which
~ the water is to be raised; the suction lift or the vertical
distance from the level of the source of water supply to the
- centre of the pump; the friction head and the minor losses in

the discharge and suction pipes, the velocity head.

- The suction lift may be positive or negative, depending
upon whether the pump is above or below the level of the
- source of water supply. Thus. if the pump is set 6 fi. above
 the surface of the source the suction lift of 6 ft. is positive
and is to be added to the discharge lift in determining the
- total lift. But if the pump is 6 ft. below the surface of the
source, the suction lift of 6 ft. is negative and is to be
deducted from the discharge lift.
M Horsepower Required : ‘
When the volume of discharge and the total lift or head of
E the PUmps are known, the theoretical horsepower required

]
-
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i (5.1
3.960 "
: ~nower required t
in which P= theoretical horsepe 9 O Operyte the

p. = Water Horse Power):

d of the pump-
pt‘lmpcd. gpm.

pump (W.H.
I = total lift or hea
— volume of water to be

Q - .
If the head to be pumped against is given 1n psi. the i‘orﬂ'lulh
becomes.
B —— (5.2
1,715

- which P = intensity of pressure. psi.
The actual horsepower required depends on the efficiency

the pump and may be found by relation.

in which P, = actual horsepower required to operate the
pump (B.H. P = Break Horse Power)

E = efficiency of the pump.

PRf)BLEM 1 : It 1s required to pump water at the rate of
6.750 gpm from a reservoir whose surface is at an clevation
?;:3 Slfu:;p“?: l:lank ;vhose bottom- is at an elevation of 3721
of the suclionrj i ce- Eit a.h elevation of 192 ft.. the diameter
pump to the tailf ?512; 0inch, the length of the pipe from '
Is 24"inch. The Sum-— 1(3 - and_ the estimated size of this p'il’ff
and discharge vine of tbe minor head losses in the suc!®

may be taken as 1.5 ft. If the maxim"
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of water in the 1ank i 1o be 25 ft., what ig gy required
Ire

ower of a pump for which the overall el‘ﬁciency is 67

dEPlh
orseP

ol -
1C]°“'" S3 % )
l\ e head loss due to friction in 290 ft.+1.5f
’ S- - »

ad losses
1eg]ea all other he SES.

Golution * |
Flevation of water surface in the tank = 377 4 25-397 fi

pischarge lift or the vertical distance from the centre of the
pump 0 that surface =397 -192 =205 ft.

suction lift. or the vertical distance from the water surface
in the reservoir to the centre of the pump = 192180 = 12 ft.
Since that pump is above the water surface this lift
positive.

Total head H = 205+12+1.5+1.5 = 220 fi.

p= HO  220x6,750

= =375(W.H.P
3,960 3.960 : )
375
P =ﬁ = 560(BHP)Ans

PROBLEM 2 : Design a suitable set of pumping unit to
deliver 4.50,000 gph from an intake well of a river bank to
he treatment plant. Total length of rising main from the
intake well 10 the treatment plant is 800ft. and the static
head is 60 fi-Design also the cast iron main.
Assume; Velocity of water = 12 fps

Iriction factor - 0.0075

liciency = 709

()
=
LS
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Solation.
Q= 4.50.000+60 =7.500 gpm
4.50.000 e
qoain Q = ..._—---4——“#-—-‘;"-- = 20 cis
N 60 x 60 x 6.24
2() ,
- =1.6067sq. It

Cross-sectional area = e

m__|667 I(d = diameter of pipe)

4

dle—'(—)b——;ii ~1.5 ft =18 inch
T

Frictional head loss hy

_4fv’ _4x0.0075x800x (12)° _ 5
2gd 2x32.2x1.5 ’

Total head H = hg+ he+ hy = 60+36+2.24=98.24 fi
_ HO  98.24%7,500
3,960 3.960

P=230 _ 265 (BHP) A ‘
0.70 JE0p,

P =188 (WHP)

PROBL s 1 ' 1 ) . -
I'eSCl'VO. 1 e 1 e

A cast | In is :
ast iron main is to be designed to supply 425 mgd. L.0%

of he Tiction i : |
ad due to friction in the pipe is estimated to be 3001
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Assume {=0.0075

Solution :
1% 0.0075 x (30 x 5280) x 1,°

hi = 2x322xd

=300

v 206 -V} =4.06xd...1)
{
d
,Aghill- Q=425 mgd =425x1.547 = 187 cfs

[] mgd = 1.547 cfs ]

wd’ 40
O:a\r: XY J. V= —=
7d
. _ 160"
Vo= -
(7d)

Substituting the value of v from Eq.2to Eq. 1.
. 160°
s H:ds
5 16x(787)°

7’ x4.07>
©. d=11.98 ~ 12ft. Ans.

=4.07

= 246,800

Problem 4 : Design a pumping unit capable of lifting 5 mgd
of water from an intake well to the treatment plant against a
Static head of 60 ft : length of suction main is 120 ft and that
”friSi_Hg main is 400 ft. The pump will work in two shifts of

eight houyrs each.

Assume ; velocity of flow = 6 fps

205
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friction factor = 0.01
efficiency =75%

Solution :

Total length of pips = 120+400 = 520 ft.

SX IOh 5
: y = d= - = 8x 10" cu [t/day
Discharge. Q S5mg Y

Since total pumping time is 16 hrs/day,

10°
Pumping capacity = : x16 =50.000 cuft/hr.

= =13.9 cfs
60 x 60
md’
= _—=139
Q 4
sd= ik =1.7~21.75ft =21 inch
Tx6
4x0.01 :
- x0.01x520x6 — 6T
2x32.2x%x1.75
FE ST
2x327 '
H =hgththy = 60+6.7+0.56=67.26ft |
50,00,000 |
Q == Wl i 22
16x10 >£elepm
p— HQ _ 67.26x% 5,220 Lz
3,960 3060 58 (WHP)
P[ =£ = _SE'_S_ i l 18

. Proble-rm S : Design the transmission main and the pumpine
unit from the following data -
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water supply rate = 40 gpcd

Fslilﬂﬂwd population=85,000

(;,rouﬂd R. L. = at the pum house = 102,50 .
Treatment plant R. L. =193.00 ft.

velocity through pipes = 8 fps

pumping time = 10 hrs, daily

Total length of pipe = 3.500 fi.

friction factor = 0.01

Efficiency = 65%

Solution :

Total water required = 40x85.000 =34,00,000 gpd
, ,3%?99 = 5.45x10° cuft/day

5
Pumping rate = 5'451;10 = 5.45x10° cuft/day

_ 545x10°
60 x 60

=15.15 cfs

9

4

md
Q= —4—:><v:15.15

 d= ’4:(15.]5 ~ 1561t
Tx8

Use a2l inch diameter pipe d = 1.75 ft.
Static head = 193.00 -102.50 = 90.50

4%0.01x3.00x8° _g0 g
2%32.2%L75

Velocity head=—"2__ 1.0 ft
2x322

Friction head =

207
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Total head. H= 90.5+80.0+1 0=171.51t
34.00.000
‘Discharge. Q= 24 = 5,667 gpm
2e- Q= 77060 ;

HO _ 171.5%5667 46 (WHP)

5P
3960 3.960

o
_ 246 _380 (BHP) Ans.
0.65 |
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QUESTIONS

|, State the purposes or pumps and pumping machinery ip
| water supply systems.

water supply to a small town with ultimate population of

one lakh (1,00,000) supplied with 60 gped has to be

granged from @ river flowing nearby. Design the
economical section of the rising main and the necessary
pumping unit from the following data:

Static head 60 ft
Total length of pipe 520 ft.
Coefficient of friction 0.01

Velocity of water in the pipe 6 ft/sec
Pump efficiency 70%.
The pumps will work in two shifts of six hours each in a
day, (BUET, 1972) |

2. Write the characteristics of centrifuga] punips. Design a
suitable pumping unit and the size of the transmission main
delivering water from a source 500 yds. away to a treatment
plant or a small town having the design. Population of 2.5
millions supplied with 50 gpcd against a frictional head of
10ft. The pump will operate only 8 hrs, in a day. Take pump
efficiency =65% and £= 0.01. Neglect all other head losses. (

BUBL LY o™ g "
3. State the genera-l Considsfaﬁons_ for pumping installation.

What is the theoretical horsepower required for a pump to |
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_raisc 1800 gpm of water against a total head of IS{)[
]

including all losses ”
Ju 9 -—
Which type of pump do you suggest and why? (BUET o

_ What is the total lift of a pump ?

Design a pumping unit to transmit water from a sour, 03

treatment plant of a snail town Havin’g ultimate Oppulatjg,
of 80.000 supplied with 50 gped of water.
Given : R. L. of the ground at pump hours = 98.20 f.
R. L. of the entry site ground to a treatment
plant = 154.60ft.
Length of pipe line = 2000ft.
Velocity of water through the pipe = 8 fps.
Friction factor = 0.0075
Pump efficiency = 65% (BUET, '67)
. A multistoried building requires 15,000 gpd of water. The

- water will be supplied by a 3 inch diameter well. Designa
suitable pumping unit from the following data : Suction |
head =12 ft. Delivery head= 180 ft. Size of the suction and |
~ delivery pipe = 2 inch Velocity of water through pipes =6
ft/sec. Friction factor = 0.01 Assume reasonable values of
data not supplied. ( BUET, 1972)

. Write explanatory notes on :

Deep well turbine Pump, Air Lift Pump, Submersible pump
Suction lift.
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6
HYDRAULICS OF FLQow

(1 Flow in Gravity Pipes :

[n planning 2 .water-supply System, it g occasional]

qecessary to design a gravity conduit, or open channe] tz
ransport the water from the source of supp[y to ,the
distribution system or treatment plant, The velocity of flow
in a gravity conduit is usually computed either by applying
Kutter's and Chezy’s formula. The resy]ts are very nearly

the same by both methods, but Manning's formula js more
convenient for general use,

Chez.y's formula for velocity is
V=C AP oo 6.1)
in which V = velocity, in feet per second ;
C =a coefficient, which depends on roughness of
surface, hydraulic radius, and slope of conduit ;
= hydraulic radius, in feet ; .
" $ = slope of conduit. | | |
The vaiue of C in Chezy's formula 'ils.camputed by Kutter's
-fOr.r_nula, Which may be _wr_itteh in_ the-following form :

o 211
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(002K
A1 -
181 41,74 (6.2)

4
i |
(= ! (0.0028]

] -
}
| 4 J ["”"’ ‘
r g -
& -t ”i ; (; 1
in w e s i

- ‘surface
n = coeflicient of roughness of surlies.

Values of n for various meterials arc as follows : 0.0]) o

~ gmoothly-lined steel pipe. extremel

for new cast=iron pipe; 0.013 for gooc
riveted steel pipe, or casts .iron pipe 15 to 20 years old |

0.014 for ordinary concrelc- -lined channels; and 0.015 fy
concrete pipe. When unlined riveted steel pipe is used, the
effective diameter 18 considered to be the clear diameter

y smooth concrete, (0]

| vitrified pipe, unlineg

between rivet heads.
Manning's formula of velocity is

GebB2 =l . e (6.3)
n 52 | .

6.2 Flow in Simple Pressure Pipes :
In designing a water distribution system, the geﬂf‘“]

formulas for the flow of water in pipes are used t0 compué
the size of a pipe necessary to supply a required amount ¢ d
water under a given pressure, and to determine the 3‘“"”‘“
of water that may be expected from a pipe of a given size¥

which the pressure is known. Generally, the amour! L
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n\quiffd in any particul
'

walt R |

. oot ‘ ANlicipateq
il timates ot conditions 2() more

ar luc:llil}-’ Or distric

! L1S know
mately, and often (e known

demang s

L ‘1 CS '
psis dick olrstimiet Years in (he

o Under such eireumstances and, jngeeq in mos
[l . ? = o (‘1 CO]]]-
qations 10 Water supply,  extreme accuracy js oy
0

wmﬂlltcd. However, the original daty must be carefully
1 i ' [4 /
npiled. and care i the selection of assumed valyes js

essfﬂtial' .

jn all formulas relating to the flow of Water in pipes, an
ipportant quantity is the static head, or simply the head,
which is the difference in elevation between the surface of
the source of supply and the point of discharge. Then this
pipe discharges into a body of water, the surface of that
body is considered and not the end of the pipe. If, for
. ~example, the elevation of the surface of the water in a
certain reservoir is 370 feet, and this reservoir is connected
by a pipe with another reservoir in which the surface is at an
clevation of 230 feet, the head is 370 - 230 = 140 feet.

In engineering Work, elevations are referred to some fixed
level surface, called a datum. which is usually assumed to
b below the entire work to be executed. Near the coast, the
Gatury generally selected is sea level. If work is done oelow
% level, either the elevations of points below that surface
& indicateq by writing, a minus sign before each valggt or
5 the datim is changed so that all points will be above It

: 213
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6.3 Flow in Long Pipes:
I ‘ , charts, and-
e various types of formulas, ¢ nd tableg Y

There ar pe
determining the flow of water in long pipes. For thg SQ]Ulign
of problems, use will be made of the m.onogl'aphic cha
shown in Fig, 6.1. This chart applies to c1rcu!ar Pipes, th
is, to pipes of circular cross-section, -qnd is based e
‘Hazen-Williams formula, which may be written iy e
following form :

: 63 0.54
V=13180 g O

in which V=ve_lbcity of flow, in feet per second ';I
C=a cdefﬁcient, which_dgpéndsr _dn tlhe type and
| condition of the conduit:
r = hydraulic radius in feet ; -
5= slope of hydraulic'gradient, or loss of head in feet
per foot of length. - |
~Fora circu_lar pipe that is -ﬂ(:)'v;{ing full. as is the case f-olr.a
Pressure conduit, the hydraulic radius ;

, s one-quarter of the

diamgter d and the H;{zen;Wiliiamé formu‘la:becomés .

B s TP

Values of C fo.'r v;rilti
" foll
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dinary cast-iron pipe in good conditjoy, 12
0 )

0 fo ;
ipe 3 years old and for welded stee| pipe ; | - cestron

10 for '
. cast iron
e in service about 10 years and for new un]

el pIPE 100 for cast-iron pipe 15 1o 2¢ years
for unlined riveted steel pipe in service.

ined riveted
old ; and 95

(A Use of Chart for Circulars Pipes :

The chart shown in Fig. 6.1 may be used for solving all
problem of flow in circu]ar pipes that are flowing full and
under pressure and for which it may be assumed that the
only cause of loss of head is simple friction. The chart has
four vertical lines, the graduations along which are,
respectively, for discharge, dia-meter of pipe, loss of head.
and velocity. Two sets of graduations are given for
discharge, one set being for cubic feet per second and the
other set for gallons per minute. The loss of head given on
the chart is in feet per 1,000 feet of pipe; it is equal to 1,000
times the slope s of the hydraulic gradient. The chart applies
directly to pipes for which C in the Hazen-Williams formula
is 100, Howéver, it can be readily used also for any other

value of C by applying a correction.
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Fig, 6.1 Nomograph for Hazen --Williams Formula in whi¢

CU FT./SEC.
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(oW for a certain pipe, the corresponding

;i values of
(her tWO quantities for C = lues of the
0

100 can pe found directly from

o cha it by placing a straightedge through the
1 the proper two vertical lines and observin
ge intersects each of the other twq vertic

given valyes
g Where the

. . al lines. For
xample, if the discharge from a 10 jnch Pipe for which C js

100 is to be 825 gallons per minute, the velocity and the loss
of head may be found as follows : A straight edge is placed
on the chart so as to pass through the valye representing 10
inches on the vertical line for diameter of pipe and also
through the value representing 825 gallons. per minute on
the line for discharge, as indicated by line AB on the chart,
Since the edge then intersects the vertical line for velocity at
a point representing 3.37, the velocity is 3.37 feet per
second. Likewise, the loss of head is found to be 7 feet per
1,000 feet of length.

The velocities or discharges for two pipes having the same
diameter and the same slope are directly proportional to the
values of the coefficient C of the pipes. Therefore, in order
to use the chart when the value of C is not 100, it is merely
Necessary to apply a correction to the velociy or discharge.

Ifit is desired to determine the velocity or discharge when

i he
e diameter, the slope, and the value of C are gwen_..t
rst obtained

‘elocity or discharge for a value of € 100 is fi

217
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d that velocity or discharge is multip);
¢

from the chart, an
iven value of C 1o 100, On (he ol
lUr

by the ratio of the g
hand. if the velocity of
(o find the diameter fo

given diameter, it is first nc
(hat would apply if the value of € were () by
n velocity or discharge by the ratig

discharge is given and it iy i
; o

r a given slope or the slope for
i

cegsary 1o determine the velog
}l

or discharge

multiplying the give
100 to the given valuc of C. Then, this modificd velocity

discharge is used in setting the straightedge on the chary g
if the given value of C were 100.

Example 1: What is the discharge, in cubic feet per secon,
from a 12-inch pipe for which C = 20, if the loss of head per
1,000 feet is 8 feet ?

Solution: The discharge corresponding 1o the  given
diameter and loss of head and to a value ol 100 for (s
found first. A straight edge passing through 12 on the

diameter line and 8 on the loss of-

218
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' ve line at 3.2 |
head line will intersect the discharge lin c.fs. Heng

. the required discharge 1S

o
32x 128 3.8¢fs
100
Examplc 2: A .
discharging 825 gallons, per minut

per 1,000 feet of pipe ? -
The first step is to determine the modifieg

10-inch pips for which C s 130 X
e What is the loss of heag

Solution :
discharge. or the discharge that would correspond 1o a vaJye

of C of 100 this-1s

100
825 x— =635 gpm
130 EP

A straightedge through 10 on the diameter line and 635 on
the discharge line intersects the loss-of-head line at 4.2 fi

per 1,000 ft.

6.5 Influence of age on flow in Pipes :
The capacity of a metal pipe is considerably reduced aftera

number of years of service. Tests-on the capacity of a 30
inch cast-iron pipe for which the slope of the hydraulic
gradient was 0.00224 showed the following resulfs. The
original capacity of the pipe was 15 million gallons per day:
at the end of 10 years, the capacity was about 13 mgd; at the
end of 20 years, it was about 11.4 mgd; and at the end of 0
years.it was about 10.2 mgd. |
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¢ due 10 organic Growths ang other [,gqq
es;

1L
b capacity may also be mater;

pipe ally redyceq by organic

t ]
losses dye o organic

rare

of the water.

Valves, bends, and other fittings and éudden enlargements

or contractions cause losses: of head. If a valve is partly
closed, the loss of head is increased.

¢7Flow in Service Pipes :
The chart in Fig. 6.1 is not suitable for the solution of
problems on flow in service pipes, because their diameters
are usually too small to permit the use of that chart. In Table
6.1 are given values of the velocity and the loss of head
corresponding to various discharges, in gallons per minute,
from pipes with diameters of 72, 3,1, 1'/, and 2 inches. The
values in this table are based on the Hazen-Williams
formula in which C=100. There is almost no corrosion in
lead, lead-lined, brass, or copper service pipes, and the age

of such pipes is not an important consideration in design.

221
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QUESTIONS

Explain briefly the hydraulics of flow in simple Bravjy,

pipes (BUET, '61)

- Find (a) the velocity in {ps,
30 inch cast-iron pipe 15 years ©
4ft. per 1.000 ft. of length. (BUET,

Ans. (a) 5 fps, (b) 24,5 cfs, |
y discuss the hydraulics of flow in long pressyy,

and (b) the discharge in fl'nr
i
vhen the loss of
Id, wi 1085 0f heyg s

'68)

Criticall
pipes ( BUET, '70)
An 8 inch pipe. for which C=130, is discharging 500 gpp,

What is the loss head per 1,000 ft. of the pipe? (BUBT, '66)

Ans.52 it
Write short notes on :
Head, Influence of age on flow in pressure pipes, Mannings

Roughness coefficient.
A Service pipe 1'/;, inch diameter and 40 ft. long is

discharging 50 gpm. Determine (a) the velocity and (b) the
total head loss in the pipe. (BUET, 1964)
Ans : (a) 7.86 fps.

(b) 11.40 ft

222
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.
WATER QUALITY

lmp“ritics Present in Water ;
1'] : ’ ! ;
To slake mans thirst and: other needs, wager must be pure

Bt pure water 1s not found in nature, There are various

impllrilics present in natural water, The impurilics present in

water arc classed into four different groups: (I) Impurities of
Mineral Origin. (2) Impurities of Organic origin, (3) Living
[mpurities, and (4) Radioactive Impurities. The Table 7.1

shows the various types of impurities present in water.
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TABLE 7.1 1)

In Suspension
Silt. clay and

C(1||('lid!-;

-

Y

water Supply
(PURITIES PRESENT IN WA-”R
e . N

“ ‘;

- - .
l)cwmpm;ihlt: Bactena., Radigg,,
organic matter 10 lajgae, i~ e

. . < ‘r '”'t'g
sewage, industrial |ppoe o s

wastes, plants,
leaves and organic
colouring matter

In Solution :
Carbonates,
bicarbonates,
sulphates and
sulphides of
potassium, sodium,
calcium, and
magnesium,
hydroxides of iron.
etc.

organic matter,
organic acids,
etc.

In pseodo solution
Silica, alumina,
iron oxides, etc,

:|Colloidal

decompossable
organic wastes
such as animal
secietions, etc.

Dissolved gases

fungi  and|uranjy,

other  living|cobgly
. L

organisms,

oxygen, carbon-
dioxide, nitrogen,
ammonia, hydrogen
etc.

Methane,
hydroxide
sulphide, etc.

: 224
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The Table 7.2 shows the classification of impurities of raw

waters according to behaviour in conventional water-work
. r-works

lréalmcnl plants.

Tahlc 7.2 Classification of Impurities |n Raw-waters

According To Behaviour In Conventional Water-Works

Treatment Plants

Class-A

Copper organic
| Zinc wastes,

Calcium Cyanides

[mpurity cannot be Impurity cannot Impurity
reliably removed. be reliably interferes

removed to with

within acceptable | treatment

i limits processes.

Chloride Phenolic Bacteria, Ammonia
Fluoride substance, Inorganic Phosphates
Sulphate Petroleum suspended matter, | nutrients
Nitrate hydrocarbons Dissolved natural | planktonic
Arsenic Dyestuffs organic  matter | algae, etc.
Lead Synthetic (colour).

Dissolved natural

organic matter

Barium Radioactive (colourless)
| Selenium substances, Iron

Chromium synthetic Manganese

Cadmipm detergents Calcium -

Magnesium Free

carbon dioxide

1

| Magnesium Alkali metals

225
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7.2 Effects of Impurities

. The table 7. 3 shows the effegy !
)

impurities present in water.
Table 7.3 Effects of Im of Impurities .
ffects :
Name of the lmpur:tles E —

Algae, Protozoa, Fungi,

Clay and colloids.
Carbonales
Salts of
calcium and < bicarbonates
magnesium
sulphates
(chlorides
r’
Carbonates
bicarbonates
Salts of sodium< sulphates
fluorides
- \Chlorides

Iron Oxides

Diseases
Diseases; odour, colour, turbidiy
Turbidity

Hardness, alkalinity, taste
corrosiveness, scale formation,
Hardness, alkalinity, taste,
corrosiveness, scale formation,
Hardness taste

Hardness, corrosiveness, taste,

Alkalinity,
Alkalinity,

Foaming and scaling
Tooth-decay

Taste

Taste, red water hardness,
COITOSIVEness.
Black or brown water.

Manganese
Vegetable dyes Colour, acidity

(Oxygen Corrosive to metals
, Carbon dioxide Ac1d1ty, corrosive to metals
Gases < Hydrogen sulphide | Odour, acidity, corrosive 0

'| metals

(Nitrogen Child-disease, algal growth
R : . _ “e
Radioactive Impurities Diseases P

226
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ing Organisms Present in Water T

A he fol
e i description of the org lo

: anisms . &
bri¢ :a + Bacteri Present in wager,
n gacteria : Bacteria are the bygje Plant upjge

gmplest form of plant life. Many People find j; g

wing is g

bfcing the
ifficult 1o
als. This

: at plant life
: nthesis and the presence of the
green colour pigment, chlorophy

the ones commonly found

lieve that bacteria are plants apgq not anim
[roneous impression is derived from the fact th
s associated with photosy '

ll. Most bacteria, especially

in nature, do not contain
chlorophyll and are colourless. Bacteria are classed as plants

because of their structure and method of food intake. They
are single-cell organisms which utilize soluble food. Fach

cell is an independent organism capable of carrying out all
the necessary functions of life.

Bacteria are found everywhere in nature, in water, in soil
and in air. Most of the bacteria are found in water and soil.

Bacteria come into three shapes : (i) Rods, (ii) Spheres, and
(c) Spirals. These three bacterial shapes are shown in
Fig.7.1. The technical names for these shapes are bacillus

 forrod, coccus for sphere, and spirillum for spiral.
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0n ALY

— DV

sphere Spirg
Shapes of Bncteri.a
Fig. 7.1 Three Ez*‘s“c"t‘l‘;’;e shapes of bactaria take vary, ;.

The forms that
shown in Fig- 7.2

Chain
Individual
X
L)
O OO b2
Cube
' Diplo or Twin Tetrad
Individual
Clumps
Chain

The rod is the most common bacterial form and can be.
observed in three distinct groups : (a) individual cells, (b)

diplo-or twin cells, and (c) Chains of cells.

The spheres have the most different groups : (a) individual,
(b) diplo. (c) tetrad, (d) cube, () chain, and (f) clumps.
The spiral form occurs primarily as individual cells a
diplos. The diplo form is merely the intermediate form
.during growth and division.

- c oyl | . .
The size of the individual cells vary over rather wide Jim

The cell size changes with time during growth and dea!;;
The limits of the cell sizes range from 0.3 micron : '

microns. The limit of the. common bacteria ar¢ from ™
228
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qon 10 3.0 micron The average rogd
:,icrO“ wide and 1.5 t0 8.0 micropg
e is from 0.5 to 1.0 micron ip
| erage spiral cellis from 0.5 1o § ey

picrons long.

IS from ()5 to 1.0
long, The average
diameter, while the
Ons wide and 6 1o 15

divided into two distinct groups (a) Auto

trophic Bacteria
and (b) Heterotrophic Bacteria,

Autotropaic Bacteria : The Autotrophic Bacteria are the

most complex group of bacteria from a bio-chemical

standpoint. These bacteria have the ability to make all the

complex chemical structures within the bacterial cell from
the basic inorganic chemicals in water. The autotrophic
bacteria have not been studied extensively because of their
limited importance in water supply engineering,

Heterotrophic Bacteria: The heterotrophic bacteria are the
most important group of bacteria. They require organic
©ompounds which supply their carbon and energy. The
heterotrophic bacteria can be divided into three groups
based on their rellationship with oxygen in energy reaction.
The heterotrophs which utilize free oxygen are known fzxs
4erobes. The heterotrophs which oxidize organic matter in
COmplete absence of dissolved oxygen are known as
dMaerobes, There is a group of bacteria which utilize free
OXygen when it is present but which can z'#so carry on
Metabolism in the absence of free oxygen. This latter group

229
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as facultative. The facultative 1,
Clp,
Q[’l,
a

of bacteria is known ‘ |
csignalcd as facultative acrof,

Cs
ﬂr

have sometimes been d

facultative anacrobes.
Pathogenic Bacteria: pathogenic  bacteria (diseg
' hse,
cing bacteria, commonly termed as pathogens) Preg
.cm

produ
Typhi, Salmonella Para.
yp ara IYDhQ

in water include Bacillus
Shigella Dysenteriae and Vibrio
(2) Fungi: Fungi are similar 10 bacteria. In fact -

' ' \

technical, the bacteria are actually fungi, fission fung; T
LR
{ bacteria has caused them 1o be singled o,

Comma.

importance 0
and studied separately from the fungi. This fact has cayge

common usage of the term fungi to mean all fungi excey
bacteria. Two olher terms which require consideration gre
mold and yeast. Mold is synonymous in common usage
with fungi. Yeasts are a part of the fungi but like the

bacteria, their importance has caused a separation from

fungi similar to bacteria.

By deﬁniﬁon, fungi include the nonphotosynthetic plants
and except bacteria, they are multicellular. The absence of
ph.otosynthetic pigments (chlorophyll) requires the fungito
utll‘ize organic matters as their source of carbon and energ)-
It is; this property of metabolism of organic matter (ha

mak i
es both the fungi and bacteria importaht to the publi
health engineers. |

230

Scanned by CamScanner



Walter Sllpply
|?ullf-"i and acrobic organisms reproduce

. ore-formation
|Jnrl“"m”|y‘ there are few fungi which . .

llﬂCk m
I which
plints, Growth of fungi in higher

an, although

are pathogenic 1o
animals ¢
the body surfaces in the blogg streg

&

(here is anample supply of dissolye

gere are large number of fung

an occur only on
"M orin the Jungs spere
d oxygen,

(3) Algae : The third group of microsco

pic plants are the
alpac. The algae diffe

r from the fungi and bacteria in their

ability to carry out photosynthesis. The algae can utilize the

energy i light and do not have to depend upon the
oxidation of matter to survive, |n fact, the algae evolve

oxygen during their growth in presence of sunlight,

The evolution of oxygen by algae and their production of
taste producing oils have made the al gae of extreme interest
to the public health engineers. The oxygen production by
algac is very helpful in maintaining the oxygen reserve: of
water resources. On the other hand, the excess growth and
death of some algae in water produces taste, odour and
colour, sometimes, algac serve as the dwelling place of
pathogens.

There is no clear cut definition of algae which can satisfy
every one, The simplest définition of algae is that it includ'es
all microscopic plants carrying out true photosynthesis.

Algae are autotrophic organisnis.
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(4) Viruses ¢
present (ime. The
specific in their rea

mals. viruses arc

ani

lypes are palhogenic ton
7.4 shows (he diseases causc

Water Supply
T (he smallest plants k
I'he ; l‘”“\\'n UI
y arc intracellul highh
some with plants and sopy, \\‘i
J']l]

viruses arc

"

ar parasites and are

ctions,
present both in air and water, oy
Jan. animals and plants. The Tah

¢

d by various types of viryseg

Table 7.4 Virus-Discases

— T ey
Type of Types of Diseas¢ Mode of
viruses caused Transmissioﬁn_ﬁ%
Dermotropic | Various pox-like ('lose contact, water
| diseases ( small pox. air, food and milk
chicken pox and eye-
infection)
Neurotropic ~ |Pollimyelitis Water-borne ]
Pneumotropic |Influenza, colds Nasal and oral
discharges. water,
| air, food and milk
Viscerotropic  [Cancer Water, food and
milk. .l
Neoplastic Eye diseases (Leukemia)|Close-contact. air
and water. o
Enteric Diarrhoea, nauses." Water, food anli |
vomiting, Polio-like milk
diseases and infectious
hepatitis ( Jaundice ) [p—
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P zoa and other Highep Animy|g. Of
. . yith the microscopic plants gpe the
mltﬂlq. For most part of (e
ﬂ::\-'cﬂgers which tend to ¢le
o

“qual impoy-

| micrnscnpic

Microseop;

NIeroseopie animals gpe

AN the exees

| an the exeess bacteria from
cr and waste water.

Wi

eams and lakes the lower animate ro -
[n SUEE e ot nals form an importan
1 in the 2ross aquatic biolopical cvala .
||nl\ n blLdl L)Lll... I'he mlc"(\SL‘npic

qimals eat the microscopic plants and N turn are

caten by

It is not possible 1o de
protozoa easily. In fact. it has bee

higher animals. (a) Protozoa: i

ne
n COI'ISiLIL‘l’L‘d hy some as
impossible to define. For our purposes, it suffices to say that
the protozoa are single-celled animals which reproduce by
binary fission. Most of the protozoa metabolize solid food

systems than the
microscopic plants. Bacteria are the main food for the

protozoa.

materials and have more complex digestive

Very few- protozoa are pathogenic to man. The most
common pathogenic protozoa of public health significance

are Endamoeba Histolytica, Trypanosoma and Plasmodium.

(b) Rotifers: As the animal progresses to higher forms, it
goes from a single-cell animal to a multicell animal. The
rotifer is the simplest of the multicell animals. The rotifer is
2 strict aerobe and is normally found only when the water
contains at least several milligrams per litre dissolved

' - or the
OXygen. Bacteria form the chief source of food for

19
J
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£
Scanned by CamScanner



water Supply

. , Il oreanie
an  ingest any small organi Do,

l\ |

rotifers. but they ¢

Because of their mek: abolic l l I
vy act as good indie
o aanie content, The) dicar.
water of low organic ¢ tllnrs._}l

habits, rotifers are l“lllltl

low polluted walers.

(¢) Crustaceans: Normally. crustacians bring 1o lllind

hard-shelled animals such as the crayhish and the I[)h -

There are also microscopic crust wceans. The rigjg S

structure is the chief characte
The crustaceans arc strict acrobes whig

ristics of these multicely,
!

microorganisms.
feed on bacteria and algae. They are important as a soyy,
of food for fish. The metabolic  complexity of

crustaceans limits their growth at relatively stable stregp

and lakes.

(d) Worms and Larvae : Worms and larvae are normy
inhabitants in organic muds and biological slimes. Tw
common organisms usually found in water are the wom

Tubifix and the midge fly larvae. chironomidae,
7.4 Water-Borne Diseases:

The important water-borne diseases are typhoid and
paratyphoid fevers, amoebic and bacillary dysenterics
cholera.  gastroenterities, small pox, schistosomidst

tuberculosis, infectious llep‘ltlllt’:b (Jaundice). pohom}’d”“
tularemia and anthrax.

Common modes of transmission other than through drinkin®

water are (1) through fishes harvested from sewage pollut

234 l
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" (typhoid._ para-typhoid. bacillar
Wi

s Y dysente :
. foctioUs hepatitis  (2) through vege ry, and
in

tableg and fruits

fecal matter (typhoid,

paratyphoid,  the dysenteries, cholera, smg]|

C pox and
infectious hepatitis)

» (5) through mjk and milk products

pox) : (6) through bathing or other o

. Xposure to polluted
waters ( schistosomiasis and other skin

diseases),

Other chains of infectious link (1) tuberculosis to the milk

of cows infected by drinking from S¢wage polluted streams
running through pastures below tuberculosis sanatorium; (2)

anthrax from water contaminated by lannery waste; (3) skin
diseases from industrial waste polluted waters,

Typhoid and paratyphoid fevers, the dysenteries. cholera,
sastroenteritis are transmitte

discharge of sick
diarrhoeg] disorde
apparemly some o

d by the intestinal and urinary
persons to waters. Gastroenteritis is a
r. It resembles food poisoning and
: f the organisms that are involved in food
DOlsoning are¢ sometimes water-borne after having reached

W
Aer by means of bowel discharges.
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lso known as epidemic hapagiy;g
" g

hopatitis. 8
a virus Which |y

jaundice s caused by
aler-bhorne epidemies but iy,
Y

Intections
eptdemie
ponsible for sevel

b direct person

oS al W |
‘ a1 contact. food and iy %
be transmitted al contact, food and |

q virus disease. is found in the faee
of

Polvomyelitis, also
age. Henee it 1S supposeq lI
]}

and in sewW

infected persons
our in drinking water.

the virus may occ
Schistosomiasis organisms are animal parasites which Pass
part of their life cvele in certain species of aquatic spgjjs
Afier leaving the snail they are swimming forms Knowy g
cercariae. which may be drunk or may enter the skin of
persons who wade or swim in water.

The Table 7.5 shows the bacteria and viruses responsible for

various types of waterborne Diseases
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| \»;ntv ui lhwuw\
' i 1,‘?]“‘1" bever
Parat) ]"hdid tever
; ‘_\[m\;‘l‘i\.‘ h}‘SL‘lllL‘l‘}'
;;_ Racillary Dysentery

Cholera

L

Small-pox and

o

chicken pox
7. Gastroenteristis

. Poliotmyelitis

L+ ]

9, Schistosomiasis
10, Infectious Hepatitis
(Jaundice )

12. Tularemia

' 13. Influenza, Colds

14. Pneumonia. Broncho-
pneumonia

15. Diphtheria

16. Cancer

I7. Polio-like disease

8. Urinary Inflamation

lg’-’\Vhodbing cough

20. Tuberculosis

L Leprosy

Water :\'uljph-

- hm ne I)lwuw

e e et

Org Ranisms Rvspmmhlc

H.\ullua (yphi } Bacteria
Eberthely typhosa

Salmonel [y paratyphi (Bacteria)
Endamoceby hystolytica (Protozoa)
Shigella dysenteric (Bacteria)

Vibrio comma (Bacteria)

Dermotropic viruses
Enteric viruses
Neurotropic viruses

Cercarnie (animal parasites)

Enteric viruses

Bacillus anthracis (Bacteria)
Spirochetes (Bacteria)

Pneumotropic viruses.

Diplo Coccus pneumonia (Bacteria)
Corynebacterium diphtheria (Bacteria)
Viscerotropic viruses

Enteric Viruses

Escherichia coli (Bacteria):
Hemophilus pertussis (Bacteria)
Mycobacterium tuberculosis (Bacteria)

-

Mycobacterium Leprae

237

Scanned by CamScanner



water Supply

A variety of poisons

“Waterborne Poisons: lay

d their way into public water S“Dpl

among them (1) toxic subtances leached from Miney
formation such as fluorapatitis; (2) phytotoxins produceq N
algae; (3) heavy metals dissolved from water. Work,

metallic pipes and lmproperl
d as water trealmem

conceivably fin

specific
structures principally

manufactured plastic pipes, or adde
chemicals; (4) poisonous compound contained in industyy

and household wastes emptied into water courses; (5)
radioactive substances in fallout and from the nuclea,

energy industry and (6) pesticides reaching water courge

from chemical dusts and sprays applied to crops and to Japg
and water surfaces for the control of agricultural blight,
nuisanee insects vectors of human and animal diseases,

water weed and the like. .

Fluorine, selenium, arsenic, and boron are examples of
natural mineral contaminants. Except for fluorine, their
concentration in drinking water is seldom significant
However, the mottling of tooth enamel is in fact caused by
excessive concentrations of fluorides in water. By contrast,
small amounts of fluoride are ingested with safety and lower
the prevalence of dental caries. Large amounts of nitrates
may cause an illness (methemoglo- binemia on mtratf.'
cyanosis) of infants. Nitrates, moreover, may possibly be
responsible, along with other goitrogenic substances for the
widespread occurrence of goiter in districts with heaVl
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vells. High nitrates are
\

0 als. Sudden death
m[‘l'la . ¢ "
" nd @ dnnking

o " rting luxuriant growths
pp gae,

\\"ﬂcr N

qminants acquired within distributiop sy
(0

Uﬁosioﬂ of metals often evoke consymer

Comp|a; :
2 oisoning. Soft water hioh P alnts ; they
oy caus€ P ; er 1gh’1n carbop dioxide

yite corrosive. Among the metg]s easily corroded by

wever, this

Of blue-greey, al

Stems by

{ e d . .
och water 18 lead, a cumulative posion, Ho

eal 18 1O longer used in moder Water

gunbism (lead poisoning) is disappearing as a waterhorne
jiscase. Copper, zinc, and iron impart a metallic taste. They
my also discolour the water itself (zinc and iron), of
fixtures (copper and iron) and fabrics (iron).

works, and

Igestion of large concentrations of copper produces nausea
this may preclude poisoning.

Chemicals added to water for its coagulaﬁon or disinfection,
for the destruction of a-lgae and water weeds, or for control
of corrosion should obviously be harmless in themselves or
inthe concentrations used. Indeed, it should be an axiom of
public health engineers not to apply new chemicals to water

il evidence of their safety has become incontroversible.

Industrial, commercial, and agricultural operations can

"lease 5 variety of toxic contaminants to water. Except fcfr
' : ifficy ir

“icultyrg) chemicals, their control is not difficult, but the

Dresence IS sometimes unsuspectcd-
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ne of nuclear weapons and eseq
- “qPe

Fallout from the testl |
tes into Water course cq]| -
] ik

nergy radioactive was
monitoring of water sup
no water below processing and power plang

low-e lies f i |
; plies for radioactivis,.

routin€ Y: aly

of receivi

Of increasing concern are the toxic substances addeg g

environment for the control of agricult'ural and other pa

Chlorinated h

phosphates are exam
chemicals are disseminated. residual amounts are boyyg

reach water courses and their plant and animal Populatio;,
including food and game fish. Only rarely wil| g,

accumulate in concentrations high enough to cause ag.

ydrocarbons. such as DDT. and g,
< Because of the ways in whicr .

poisoning in man, but they may be responsible for chrop;,
poisoning ~ during lifetime exposure. Indeed. map,
increasing span of life subjects him to incidious ang

cumulative poisons in proportionate degree.

7.6 Palatability of Water :

To be palatable. water must be significantly free from
turbidity. colour, taste and odour, of moderate temperatut
in summer and winter, and well aerated. At least four huma
perceptious respond to these qualities : (1) shows of sigh
(colour and turbidity), (2) taste (odour). smell (odour). an!
(4) touch (temperature).

Turbidity : The term turbid is applied to waters containié

suspended matter that interferes with the passage of gt
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y the water or i WhICh Visual depth i resty]
Jd i by ¢

WE s pansed By & < ‘ led, The
o ¢ may be caused by a wide variety of «ue

BN o E o - L Suspengdeq
o™ o which range in size frop, colloid:

ncnﬂlb olioidal o Coarse
1N .

<jons. depending upon the degree of turby

lence, |
.l '. v & ' l]
or other Waters existing under

ke

: "elatively quiesce
" yiions. most of the turbidity will pe
cﬂﬂL

nt -
due to colloid

\.m‘mel}' fine dispersions. In rivers under flood cond
¢! e 4

ot of the turbidity will be dye ¢ rel
LY

al and
itions.
atively coarse

ant - consideration iy .
public water supplies for three Major reasons,

jispersions. Turbidity is an import

sesthetic : Consumers of public water supplies expect and

have a right to demand turbidity-free water. Laymen are

aware that domestic sewage is highly turbid. Any turbidity
in the drinking water is automatically associated-witix
possible sewage pollution and the health hazards occasioned
by it. This fear has a sound basis historically, as any one

knows who 1s familiar with the water borne epidemics.

Filterability : Filteration of water is rendered more difficult
ind costly when turbidity increases. The use of slow sand
filers has become impractical in most areas because high
Wrbidity shortens filter runs and increases cleaning cost.
Satisfactol-y operation of rapid sand filters depend u;?on
effective removal of turbidity by chemical coagulau('m
before the water is admitted to the filters. Failure to do So

t '

K
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(er Funs and production of an i”"@riur

result in short (il
quality walcr.

Disinfection of public water-supplieg ]
ished by means of chlorine or ozone, T, )

be contact between the agent apg the

. Disinfection :
usually accompl
offective. there must

organisms that the disinfectant is to kill.

In turbid waters, most of the harmful organisms are expoge
to the action of the disinfectant. However, in cases where
turbidity is caused by sewage solids, many of (p,
pathogenic organisms may be encased in the particles anq
protected from the disinfectant. For this and aesthetic
reasons. the USPHS has placed a limit of 10 units of

turbidity as the maximum amount allowable in public water

supplies.

Standard Unit of Turbidity : Because of the wide variety
of materials that cause turbidity in natural waters, it has
been necessary to use an arbitrary standard. The standard

chosen was
I mg Si0,/1=1 unit of turbidity

and the silica used must meet certain specifications s 10
particle-size.

Application of Turbidity Data : Turbidity measurements
are of particular importance in the field of water supply-
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F he turbidity variation :
,owledge of the Y Variation in raw-water supplies

er. He
ermine
hemica]

o pime importance to the water supply engine
5 o conjunction with other informatiop, to det
f;ethef a supply requires specia] treatment by ¢
agulation and filtration before it may be used for

a public
“aler Supply '

ater supplies obtained from rivers usually require
chemical coagulation because of, high turbidity, Turbidity
measurements are used to determine the effectiveness of the
reatment produced with different chemicals and the
dosages needed. Thus they aid in selection of the most
effective and economical chemical to use. Such information

is necessary to design facilities for feeding the chemicals
and for their storage.

Turbidity measurements help to gauge the amount of chemi-
cals needed from day to day in the operation of treatment
Works. Measurement of turbidity in settled water prior to
filration is of aid in controlling chemical dosages so as to
Prevent excessive loading of rapid sand filters. Finally,
rbidity measurements of the filtered water are needed to
Check on faulty filter operation.

Colour Many surface waters, particularly those emanating
from SWampy areas, are often coloured to the extent that

243
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for domestic or some indUStria]

Ug

o remove the colour. The " Sey
It

tact of the Water with o, K
yr an;

¢

dles, and wood, all in vy,
. ' rl

they are not acceptable

without treatment
material results from con

eaves, nee
0115

mposition._ Jt consists of vegetable eXfracy,
ks ' | Sof

Tannins, acid, and oXimates,
. S g
nsidered to pe ”?]
- Ing

stages of deco

a considerable variety.
position of lignin, aré €O

the decom
pal colour bodies. Iron 1s sometimes present as o, .
' 1Te

princi
lour of high potency.

humate and produces a €o
in water primarily as negali{;e]
. 3 y

Natural cplour. exists
Because of this fact, its remqy

pharged_colloidal particles.
can usually be readily accomplished by coagulation with ¢
; 0 the

aid of a salt havirg a trivalent metallic-ion, such g
aluminum or iron. '.

: \Sgrface waters - may appear ‘highly coloured, because of
coloured suspended matter, when in reality they ‘are not
Rivers which drain areas of red clay soils become highly
coloured during times of flood. C’olour' caused, by
S?spepded matter is referred to as apparent colour and is
differentiated from colour due to vegetable or organic

© extracts that are colloidal and which is .called true colour. I

water analysis it is important 'to_ldifferentiate between

n

"apparent™ and "true' colour

Surface | '
‘waters may become coloured by pollution wilh

highl
ghly Colou_red_ waste Wwaters. Notable _a‘mo'ng these &
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s from dyeing operationg ip the texi]
Wik i

om pulping Operations in the paper industry. [y,
- UYC wastes

€ Industry ang

fr

may impart colours of wide Variety

e
rcwgnizc(l and traced.

readily
Wwood produces
liquors contain: '

-q . Containing lignin
5 a | In dissolved form. The
i derivatives are highly coloured and quite

cansidcruhlc amounts of waste

dcri\’ﬂliwfs and other materials
| . resistant to
siological attach. Much of this material is disposed of into

patural watercourses adding colour which persists for great

distances. Considerable research is currently under way to
find an economical way of removing colour from pulp-mill
wastes. The USPHS recommends that waters intended for

human use should not have a colour exceeding 20 units.

|

Slﬁndard Unit of Colour : Natural colour like turbidity, is
~due to a widel variety of substances, and it has been
necessary to adopt an arbitrary standard for its
measurement. This standard is emplbyed directly and

indirectly in the maasurement of colour.

Many samples require pretreatment to remove suspended

matter before true colour can be determined.

Waters containing natural colour are yellow-brownish in
4ppearance. Through experience, it has been found that
$olutions of potassium chloroplatinate (K2,PtCle) tinted with
small amounts of cobalt chloride yield colours that are very

Much like the natural colours. The shading of the colour can
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atural hues very closely be incr
as)

be varied to match n
{ cobalt chloride.

decreasing the amount O
The colour produced by 1 mg/L of platinum (as K P
. Ih) |

§

taken as the standard unit of colour.

ng Op

ation and Application of Colour Dat,q
.  Th

colour of surface waters utilized for domestic supp|;
: - ies i .
of

concern for reasous mentioned above,
: qan
g

Interpret

major

industrial processes also require the use of colour free
- Waley

Bemoval of colour is an expensive matter when cgy
investment and operating costs are considered. Ther ?la]
the water supply engineer, when developing or looki o
new supplies, is always searching for a suitable supplng TOI
a col.our low enough so that chemical treatment will o
.rec!ulred. His "prospecting" may or may not be succe nfOl :
it is, he will use colour data as one of the param:e:sl.l" |
0 |

satisfy his client fiat expensive chemical treatment i |
necessary. If it is not succeseful, he will use col lsdnol I
- along' with other information to prove that ezur am
chemical coagulation and sand filtration are neeilzsnl;

produce an acceptable supply.

Before e

should lfe Z:iz];zzdt;eatmem Plant is designed, research

and amounts reCIuiredO *;Scel'tau:l the best chemicals 10 **

colour determinations‘ n dealing with coloured wale™
- serve as the basis of the decisio™
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feeding machinery and the design of storage spa
. spdcCe,

Once operation of the treatmen facilities has begun, colo
. colour

determinations on the raw apq finished waters serve t
¥ 0

govern dosages of chemicals ygeq. 1o ensure economical

operation and to produce 3 low-colour water that is well
within the accepted limits, |

Tastes and Odour : The words taste and odour are often

used loosely and imerchangeab]y. Actually, there are: but
four tastes : sour, salt sweet, and bitter-strictly confined in
their perception to the taste buds of the tongue. Odours
appear to be without limit in number and are known to
change in quality as the concentration of the odourous
compounds, or the intensity of their small, is varied.
However, careful screening of odours suggests that there
may be certain fundamental odours from which all odours
could be compounded. The smallest number in any classi-
fication is four: sweet or fragrant, sour or acid, burnt or

empty-reumatie, and goaty or caprylic.

Tastes and odours are associated with (1) decaying organic
matter, (2) living algae and other microscopic organisms
containing essential oils and other odourous compounds. (3)
iron and manganese and other metallic products of
corrosion, (4) industrial wastes, particularly phenolic

Substances, (5) disinfecting chlorine and its substitute
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and (6) biologically nmdogtadatle SYNthg
¢ ¢

compounds.

organics.

{astes  OF odours should Nof

Generally speaking. | | be
. s themselves upo ;
y intense (0 impres: pon the | Usgy

sufficinetl)
sarching for them. C hl()lilhllll)r

without his knowingly s€

afety often produces or acumudk
S

important 10 water S
however, these gy .

odours and tastes. Fortunately,
destroyed by strong oxidants such as chlorine dioxige »
ozone and by chlorine itself (superchlorination direc(e( i
the break point reaction of followed by chemigy
dechlorination). Many of them can be  removed by
absorption on to activated carbon. Other can be kept frop
developing by adding ammonia in advance of chlorine
form chloramines. The prevention of algal odours and tastes
through the judicious destruction of incipient growths with

copper sulphate or other copper Compounds is also

important.

Temperature : The most desirable range of temperatures
for a public water supply is between 40 and 50°F. Natural
waters are seldom found below 40°F. As the temperature
rises above 50°F, the water becomes less palatable and less
suited to certain uses. Temperatures above 80°F arc
undesirable, and above 90° to 95°F the Wafel‘ is unfit for a
public supply. Records of the temperature of the raw waler
are desirable in the operation of a treatment plant because
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the character of the load changes iy, temperature. and
more OF less coagulant may be s re. an
observations at the source in 4 deep lake
the operator In securing water f;

depth or location.

: Temperature
Or river may guide
lora the most desirable

7.7 Other mealth connected water qﬁality parameters :

pH (Hydrogen-lon-Concentration) : PH is a term used
rather Universally to express the intensity of the acid or
alkaline condition of a solution. More exactly, it is a way of
expressing the hydrogen-ion concentration. It is of
importance in practically cvery phase of public health
engineering practice. In the field of water supplies, it is a
factor that must be considered in chemical coagulation,
disinfection, water softening, and corrosion control. In
sewage and industrial waste treatment employing biological
processes, pH must be controlled within a range favourable
to the particular organisms involved. Chemical processes
used to coagulate séwage or such as cyonide ion require that
the pH be controlled within rather narrow limits. For these
reasons and because of the fundamental ralationships that
exist between pH, acidity, and alkalinity, it is wvery
important to understand the theoretical as well as the

practical aspects of pH. -

The concept of pH evolved from a series of developments

that led to a fuller understanding of acids and bases. Acids
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re originally distinguished by their difrel‘enc'
"

d bases we€ . _
an ser in which they affog,

and later by the mazl i " " |
e known as indicat B
cert e to Ors. Wj,

the discovery of hydrogen by Cavendish in 1766, j So,
became apparent that all acids contained the eleme

hydrogen. Chemists soon found that neutralization reaction, |
between acids and bases always producgd water. From this
and other related information, it was concluded that bage,

contained hydroxyl groups.

In 1887. Arrhenius announced his theory of ionizatigy
n considered to be substances

in taste
ain materials that cam

Since that time acids have bee
that dissociate to yield hydrogen ions, and bases have beey

considered to be substances that dissociate to yield hydroxy|
jons. According to the concepts of Arrhenius strong acids
and bases are highly ionized and weak acids and bases are
poorly ionized in aqueous solution. Proof of these claims
had to await the development of suitable devices for the

measurement of hydrogen-ion concentration.

Measurement of Hydrogen-ion Concentration : The
hydrogen electrode was found to be a very suitable device
for measuring hydrogen-ion concentration. With its use. I
was found that pure water dissociates to yield

concentration of hydrogen-ions equal to 10-7 gm/l.

HyO == H" +O0H oo (7.1)
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gince water dissociates to produce gne hydroxyl-ion for

-10n. it 1 : : 4
each hydrogen-ion, 1t1s obvious that 1( "am of hydroxylion

s produced simultaneously. By substitution into the mass

action equation, we obtain.

[HHIOH ] _ g
[7,0]

But, since the concentration of water is so extremely large

and is diminished so very little by the slight degree of
jonization, it may be considered as constant and Eq. 7.2 may
be written.

[H+] r[oH-]sz ................................... (7.3)

and for pure water at about 25°C
[H] [OH]=107 x10" =10 .................. (7.4)

This is known as the ion product or ionization constant for

water.

When an acid is added to water, it ionizes in the water and
the hydrogen-ion concentration increases; consequently the
hydroxy lion concentration must decrease in conformity

with the ionization constant. For example, if acid is added to

: ok « -13
Jincrease the H to 10™ , the OH” must decrease to 10 .

Likewise if a base is added to water to increase the OH' to
10° the H* decreases to 107" It is important to remember
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- = never be reduced to ze
that the OH or the H' can €10, ng,

matter how acidic of basic the solution may be.

The pﬂ Concept: Expression  of h}’dm‘amﬂ-ion

concentrations in terms of molar concentrations is g,

cumbersome. In order to overcome this difficultly, Sorengg,

(1909) pr0posed to express such v
' 1 ’ H
neoative logarithms and designated such. values as p''+, Jj;

ol has been superseded by the simple designation pH.

alue In terms of their

symb
The term may be represented by pH= —log [H'] or pH= log

1
(;,‘] |
; i
and the pH scale is usually represented as ranging from OH
to 14.. with pH 7 representing absolute neutrality. ' :
Neutral Zone |
cidity, ¥ Alkalinity, |

B A PP P e e T e B A M
12 1011 12 13

3456789101112131

pHscale - |

A
0

Acid conditions increase as pH values decrease and alkaline

conditions increases as the pH values increase.
J 5 ¥ '

Practical Applications of pH : The pH of natural waters is-
largely dependent on the CO, equilibrium and lies. hetwech |
7.0 and 8.5. In general, lower pH indicates t00 grcal an

acidity for use as a beverage. The pH of distilled water may
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pe 7.0 or lower because of the solutjon in it of carbon

dioxide. The significance of pH jg therefore of doubtful
value in a sanitary water analysjs.

The reduction of the amount of alum  required for
coagulation has proved a valuable return from application of
knowledge of pH in water treatment. Some additional
advantages of such knowledge. enumerated are(l) the
prevention of the passage of alum through filters and the
prevention of its_ after precipitation in distribution systems
(2) prevemign of corrosive action: (3) control of small plant
and animal life through ability to contro] the optimum living
conditions; (4) possible reduction in size of coagulating
basins due to better fluctuation and (5) possible-increase in

the efficiency of bacterial removal.

The control of pH it of such importance in water treatment
and in industrial processes that automatic devices for its
control are in wide use in the field. These devices control

the doéage of chemicals automatica]ly to _maintain any

predetermined value of pH.

Specific Conductance : The specific conductance of water
is the reciprocal of the resistance in ohms of a column of the
water 1 cm. long and havmg a cross sectlon of] sq. cm. at a

SPeClﬁed ‘temperature, usual]y 23 C It is commonly
reported in mhos The speclfic conductance is used as a

.measure of the quahty of the water partlcularly in chemlcal
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an‘d minerological industries, In the study of Pollygeg
waters. and in some treatment processes, and in the Study o
industrial wastes and also in the study of salinity Problen

In general, excepting in plains and deserb regions, p,
specific conductance of inland fresh waters Supporting ,
cood fish fauna lies between 150 and 500 x 10 mpog ,

25°C.

The specific conductance of pure water at 25°C is in the
neighBourhood of 5.5 x 10" mhos ; for purest rainwater at
17.6°C, 128x10°, and for sea water at 25°C, about 500x](*

mbhos.

Acidity, Alkalinity, and Salinity : Acidity is generally
considered to be undesirable in the source of a public water
supply because natural waters are normally alkaline. Low
acidity is nor, however, detremental to potability. No
standard limitations of acidity or alkalinity are placed on
potable water. Both characteristics are expressed in terms of
equivalent weight of calcium carbonate, which is not a
measure of their reacting abilities. This is measured by the
concentration of hydrogen or hydroxyl ions present, usually
expressed as pH.

Alkalinity represents the content of carbonates,
blcarbonates hydroxides, and, occasnonally, sﬂrcates and
phosphates present in water. Alkalinity is- commonly found
1‘n natural waters in the form of carbonate of soda and &S |
254 | | i|
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picarbonate of calcium and of magnesium. Caustic

kalinity. caused by hydroxides, is an undesirable
characteristic. It is seldom found in natural waters

galinity represents the presence of neutral salts such as the
chlorides and sulphates of calcium, magnesium, sodium
and potassium.

Aluminium : Compounds of aluminium found in natural
waters and in domestic water supplies resulting from the use

of aluminium cooking utensils have no pathological
significance. Water  supplies properly treated with
aluminium compounds, such as aluminium sulphate, contain
less aluminium than the untreated water because of the .
insolubility of the aluminium compounds formed and their
removal by sedimentation and filtration.

Arsenic: Despite the general use of arsenical compounds in
the spraying of crops, arsenic is rarely found in natural
waters. There is, however, a recorded instance of a fatality

resulting from arsenic in a water supply. The
USPHS'standards limit the presence of arsenic to 0.05 ppm,

and the British limit is set at 0.2 ppm.

Boron: Less than 30 ppm is tolerable in potable water.
Some boron is desirable for the support of plant life. Few, if
any, public water supplices in our country .are known to

Eontain more than about 1.5 ppm.
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Calcium, 'Magnesium, and Sodium salts : /\lthough "

. o ¢
of these substances in most waters has ng Sanjy

presence .
significance, they may be so detrimental to domesj g

- dustrial uses as to tender the water unfit as g publ;,

supply.
Compounds of calcium, which are most commonly foung

dissolved mineral substances in natural waters, are supplieq

from three principal sources : limestone, gypsum, g,

calcium chloride. Limestone is soluble in water to the ex(ey,
of 13 ppm. If carbon dioxide is present the ;olubili(y of the
calcium carbonate may increase to 1,000 ppm. Gypsuyp |
(CaS0y) is soluble to the extent of 2,000 ppm and calcium
chloride (CaCl) is so highly soluble as to'render water unit |
as a beverage long before saturation is reachad. Magnesium
salts have a pronounced laxative effect on persons
unaccustomed to them. Standards of the USPHS limit
magnesiuim to 125 ppm. Magnesium compounds are found |
in concentrations. upto 5 to 20 per cent of the amount of |
calcium. Sodium is found most commonly .in deep ground
waters, or-at. higher underground - elevations near the
seacoast. It is usual]y in the-form of sodium-:chloride.

Carbon Dioxilde: Carbon dioxidg:in water may be result of
the decomposition of organic matter or of the metabolism of
some organisms. In this action dissolved oxygen s

converted to carbon dioxide. Hence in general, as carbo”

256

Scanned by CamScanner



Water Supply

gioxide increases. dissolved oxygen decreases, A high
carbon dioxide content may, therefore, indicate biological
qtivities - and high dissolved oxygen may indicate a high
Jegree of purity of the water. This is not always true,
however. since a few organisms secret oXygen. or ground
water high in carbon dioxide may enter the lake or river
from submerged springs. thus increasing the carbon dioxide

content of the water without affecting its sanitary quality.

Free carbon dioxide may be found dissolved in ground
waters up to 50 ppm, although the concentration is normally
much less than this. Its normal concentration in surface

water in the neighbourhood of 0.1 to 2.0 ppm.

Carbon dioxide is desirable in water at a concentration
known as the carbonate balance, will be discussed in
chapters. At this concentration it should impart a desirable
taste and it should affect the solubility of carbonates so that

a light film may be laid down on metallic surfaces to protect

them from corrosion.

Chlorides : The presence of chlorides in a concentration

higher than is found in natural waters in a region 15 an
an excess of chlorides is

generally
duced
limit

indication of pollution. Generally,
a danger sign. Since soluble chlorides are
unaffected by biological processes they can be re
mainly by dilution. Although USPHS standards

chlorides to 250 ppm, higher concentrations have no

; ._F~17 957
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and concentrations upto 70
DDm

pathological effects
impart no taste that can gencrall y be detected.

Dissolved free chlorine 1s not found in ngy,
L8 ral

in treated water results from disinfeg;
i : On
residual for the sake o
0

Chlorins :

water. Its presence
and the leaving of a

existence 0f pathogenic bacteria. )
. ]e

is in the neighbourhood of 0.1 to ()

with chlorine
safety against the
customary residual

ppm. Residuals up 10
may result in widespread complaints of unpleasant a taste

Chlorine must not be confused with chlorides, for they ar
e

2 ppm are successfully carried by

not the same.

Chromium : The presence of chromium indicates pollution
by industrial wastes since compounds of the metal are not
round in natural waters. The USPHS standards permit a
maximum of 0.05 ppm of chromium in an approved water
- supply.
Co : » in si

tpp(lar . Copper is not present in significant quantities in
natura
" \»Tesl.ter. Its use as copper sulphate in this control of

lc;roscoplc organisms and its presence in food tend to

ollute w '
p bule :jlter supplies. The presence of copper is therefore
an indication of pollution. However, i i
o0ms o dan | , ingest ion of more than
1S nece ' i
e ‘ ssary to cause physiologica
, and the USPHS standards permit a maxi
| ards permit a maximum

concentrati
inhibizlit::tlon of 3.0 ppm of copper. Such a limit places 10"
_ on normal doses of copper sulphate used 1 the
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control of  MICTOSCOPIC  organisms.  Extremely small
ol

qu;m(itics ol copper are sometimes  considered o bhe

h.,-gicnicnlly desirable.

guorine : Fluorides are found in natural Waters and are
Jesirable at a minimum limit of about 0.6 (o | 5 ppm to
prevent dental caries, and a maximum of about 3.0 ppm to
prevent mottling of the enamel of the teeth of infants, The

maximum limit permitted under the USPHS standards is 1.5

ppnL.
pissolved Gases : The solubility of gases in natural water is
a function of the temperature of the water and the pressure
and concentration of the gas in the atmosphere. The laws of
the solubility of gases in water control the concentration of

such gases as oxygen, nitrogen and carbon dioxide found in

acceptabfe water.

Hardness: Hardness in water is that characteristic with

prevents the lathering of soap. It is caused principally by the
solution in the water of carbonates, bicarbonates and

sulphates of calcium and magnesium, although the chlorides
and nitrates of these two elements and sometimes of iron
and of aluminﬁm are effective to a lesser degree in causing

hardness.
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Bicarbonate } Carbonate Hafdness

Carbonate

= Iphat
Sulphaté .

Mg _ }Non Carbonate Hardness
Chloride

Total hardness is expressed in various ways, the Standgy,
practice being in parts per million by weight in tery, .

calcium carbonate.

Table 7.6 Hardness of Water

Class 1 2 3 4
Hardness, ppm|0-55 Soft [56-100 [101-200  1201-300
Degree of Slightly |Moderately [very hard
hardness hard hard

The U.S Geological survey has classified waters of various
degrees of hardness, as shown in Table 7.6. The total
hardness of natural waters used as sources of public water
supplies ranges from slight below 10 ppm to about 1,800
p-pm. Such amounts of hardneés has no sanitary
significance, but above 100 to 200 ppm the usefulness of the
water for domestic and industrial purposes is limited.
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principal Bad Effects of Hardness :
(1) Enough consumption bfsoap.

(2) Clogs skin, discoloures porcelain, stains and s.h-o.ﬁ.t.ans
fabrics, toughens and discolours vegetab]es,

(3) Gives difficulty in textile and paper manufacture
tannery and other industrial processes.

(4) Form scales in boilers, resulting in great heat transfer
losses and danger of boiler failure

Hydrogen Sulphide : Hydrogen sulphide is objectionable
in a public water supply above a concentration of about
Img/l because of the-typical "rotten-egg" odour. Other
objections include the tarnishing of metals and its corrosive

qualities.

Iodine: Iodines are rarely found in natural waters in quanti-
ties sufficient to render the water unfit for public use. A
concentration upto 1.0 ppm is considered desirable to

prevent goiter. At one time the application of iodides to the
public water supply was advocated but dependence may

now be placed on the use of iodized table salt.

Iron: Iron is objectionable in a public water supply because
it causes stains on plumbing fixtures and on clothing and

textiles in the laundry, it may cause tastes and odour and it
offers difficulties in manufacturing processes. Sulphate of
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es acidity an 4 corrodes ferrous metal and byyg, °
N ¢ o .

jron cau
lead-lined pIpes are

Bronze and required 10 €Carry waey
L ¢

heavy in iron sulphate.

ose life processes
and odour and may create what i

Organisms Wh depend on compounds o
[¢

iron may cause 1
“red water.

aste
Quch organisms are sometimeg

known as '
Compounds of iron found iy

known as “iron bacteria’.

ground waters arc usually in
Fe(HCO:)2 which is soluble only

in the presence of 0OXygen it is quic
de. Fe(OH); which is isoluble. The presence of iron

n in ground water because of the wide distribution
n nature and its solubility in water containing
he sulphates of iron frequently result from
er with coal and with iron ores. The

the form of ferrous carbonate
in the absence of oxygen:
kly oxidized to ferric

hydroxi
is commo
of hematite i
carbonic acid. T

contact of the wat

quantity of iron in ground water may increase after

development of a well owing to the accumulation of organic
matter which, on decomposition, will produce acid that

dissolves an increasing amount of iron.

Most ground waters, even in iron-bearing regions, contain
less thhan 5 ppm of iron, some falling into the range between
_5 and 15 ppm, with a maximum of 40 to 50 ppm for acid
waters. The USPHS standards for potable water limit the

t ,
otal amount of iron and manganese, taken together, 10 ..

maximum of 0.3 ppm.
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. The presence of i .
ead ¢ he Flead is undesirable i, ter b
ater becay
Ise

o it5 tendency to accumulate in the

body. e
Jmbium. Standards for - potabe Y+ resulting in

water  |imi :
. mit s
concentration to 0.1 ppm. Its presence i natural

waters is

jusual, but 1t may be found in water supplies that h
at have

ome in contact with lead containers such as lead pi
| ad pipes.
icad-lined tanks and lead paints. "

Manganese : Manganese behaves so much like iron in
qatural waters that it is sometimes difficult to distinguish
hetween them. Manganese is not so widely distributed as
iron in nature so that it is less frequently encountered. The
fotal content of iron and manganese in potable water is

limited to 0.3 ppm.

Methane : Methane is a colourless and odourless gas,
soluble in water. It is sometimes found in ground water in

sufficient concentration to be released ; on reaching

atmospheric pressure, to mix with air and create an

explosive mixture containing 5 10 15 per cent of methane.
methane is below a concentrations of

57°F, sufficient methane

a 5 per cent mixture

Where the presence of
I4 ppm, at a temperature of
. Cannot escape from the water 10 form
with the surrounding air. Since the gas is li

can be excluded from a building by closing the

ghter than air it

top of the
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cading @ vent pipe from the inside -
1
¢

well casing and l
. aip, The 'V ipe should be ;
o the outer air The vent p1pe St be at G

casing 1
and it should be protected against clq

inch in diameter
st. birds, and other €

Inll
[

r=
=

1

by fro auses.
and Nitrites : Nitrogen 1s an iner |
ds

Nitrogen, Nitrates,
cent of the atmosphere. It hyg

making up aboul 80 pe
nificance in water. Compounds of nitrogen 4,

sanitary sig
y water analysis as total orgap;,

reported In a sanitar
. albuminoid ammonia, free a
of nitrogenous compounds indicates

nitroget mmonia. nitrites, apg

nitrates. The presence

only the presence of organic matter' in the water. Either free

or albuminoid ammonia in- water is generally considered
evid§11ce of pollution. The presence of nitrogenous
compounds in a sanitary analysis requires explanation; il
signifies nothing otherwise. Nitrogenous compounds in

water that has been treated serve as "food for after growths

in distribution pipes and reservoirs and are considered to be

undesirable.

The presence of nitrites and nitrates indicates an organic
:::tact sufficiently remote to permit of some oxidizing
) :): dOI:l organic maﬁgr. Nitrate in water is commonly.

ported in terms of the nitrogen equivalent, but in mineral

analyses resu '
Its are reported in terms of the acid radical
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(N()_a) and as SUCh, I ground walers May hy
ave

sanitary
Moglobinemiy

iu”ilicnncc as a cause of meqye
sl

¢ total nitrogen in natural wygers i< g

’ \l
'l

rL‘{I l I i l‘c

B — | Idom sufficien (o
its removal by purification processes. 1| |
. LS. The tota
gitrogen In polluted waters may however pe high

voen: The word "oxypen" i need
Oxygen: 11 OXygen™ is used in reporting chemical

qnalyses a8 dissolved oxygen, ang also in the terms
biochemical — oxygen  demand, OXygen  consumed
permanganate, and oxygen consumed-dichromate. The tests
are unrelated and their insults signify different things. Only
the dissolved oxygen test indicates oxygen content of the
water. Surface waters of a satisfactory quality should be
saturated with dissolved oxygen. The concentration of
dissolved oxygen in water exposed to air at various

temperature is shown in Table 7.7.
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Table 7.7 Solubility of Oxygen in Water

Temperature Dissolved T’E’,mpcrat:’:rc m
“C o | oxygen | C F | oxygen
: mg/l %

0 320 | 14.62 16 60.8 | 9.95 |
1 338 | 14.23 17 62.6 |9.74 :1
2 356 | 13.84 18 64.4 | 9.54 ;
3 374 | 13.48 19 66.2 |9.35 |
4 392 |13.13 |20 68.0 |9.17

5 410 |12.80 |21 69.8 | 8.99

6 428 1248 |22 71.6 | 8.83

7 44.6. 1217 |23 734 | 8.68

8 464 |11.87 |24 752 | 8.52 |
9 482 [ 1159 |25 77.0 | 8.38 ]
10 50-0 | 11.33 |26 78.8 | 8.22 |
11 518 | 11.08 27 80.6 | 8.07
12 536 |10.83 |28 82.4 |7.92
13 554 |10.60 |29 84.2 | 7.77 ;f
14 572 [1037 |30  |850 |7.63 !
15 59:0 |10.15

Undersaturation or supersaturation in surface water |
Indicates  pollution. Underground waters deficient i |
dissolved oxygen may be satisfactory as a public watef |

supply because of the exhaustion of the dissolved oxygen by
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]
2 sctions with dissolved minerals. Oxygen is a highly active

‘and its presence in water may contribute to its

corfosiveness:

Oxygen consumed-permanganate is a measure of organic
matter, particularly carbonaceous matter, this is chemically
consumed 1n the test on digesting the sample of water with
potassium permanganate in a bath of boiling water. In
general a water of good quality sould be low in oxygen
consumed, Oxygen consumed-dichromate, sometimes
known as chemical oxygen demands is not a "standard" test.
It is performed by digesting the water with oxidizing agents
other than potassium permanganate, particularly with
potassium bichromate. It too indicates the presence of

undesirable organic matter.

Biochemical oxygen demand : Usually abbreviated to
BOD, is a measure of the amount of oxygen demand by
living organisms in the water to oxidize organic matter
present as food for the organisms. BOD is a characteristic,
not a constituent, of the water. -Unpolluted water should
have less than 5 ppm of BOD. Higher amounts are danger
signals demanding investigation of the cause before the
Water is pronounced potable. The test is seldom used in the
determination of the quality of a water supply because

Inorganic pollution may be present when the BOD is low.

Scanned by CamScanner



Water Supply

Phenol : Phenol in water supplies result from pollutig, h
}r

dustrial wastes. They arc undesirable n com:enn.‘,:mOnS

use of the taste produced
n

e. At such low concentratjq,

in
above 0.001 ppm beca
combination with chlorin
phenols have no hygienic significance.

Phosphates are not significant in natypy
e of polyphosphates in this prevention of
It in their presence in a public wate

Phosphate :
waters. but the us

corrosion may resu
supply. Generally speaking the concentration resulting from

such treatment has no hygienic or aesthetic significance by
unfortunately. like compounds of nitrogen, phosphates may

serve as food for after growths in distribution systems.

Selenium : Selenium, like arsenic, is found in water

supplies principally as a result of the sparying of fruits and

vegetables. It is usually present in  insignificant
concentrations, but waters-with more than about 0.05 ppm

of selenium would not be used for a public water supply.

Silica : Silica is present in many natural waters in concen-
trations between 2-60 ppm, and to a maximum of over 100
ppm. It has no sanitary significance at these concentrations

but it is objectionable because of the scale formed in steam f

boilers.

Sul ; e '
) .plllate. Sulphates are of hygienic significance becaus¢ of |
1elr i ' :
axative effects. The concentration is limited therefo

to hie .
igher concentrations which are in use in SO™
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o Compounds of i iy

l\i“ ‘Ih" t'””l't"l‘lll'

cm\i\uul\‘u‘d Wnateal  watepy,

Genifleancey cause no py

Aoy normally

e ol g sanilary

holopienl conditiony, yre

harmlesy
Ru;slu‘li\'“ll-‘" and are of' no h

S‘“ni - \ l '
B consideration iy most
industrial processes, '

7ine ¢ Extremely small coneentrations of zine are sometime

thought 10 be hygienically desirable, but concentrations

arcater than 1S ppm are undesirable.

77 Radioactivity in Water Supplies ;
One of the phases of human environment most susceptible
(o radiation contamination is water which provides a direct
and potent avenue for the introduction of radioactive
materials into the human body. Thus, the rapid increase of
radioactivity in water due to natural sources, uncontrolled
disposal of radioactive wastes, and nuclear failout has
created a potentially major public health problem.

Sources of Radioactivity in Water : There are two main

sources of radioactivity that can contaminate waters :
(1) Natural Radioactivity and (2) Man-made radioactivity.

(I) Natural Radioactirify : (a) Radioactive substances like
Uranajum, Thoriu@, Actinium, Radium, etc. are present in
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Al sections of the world and they ¢, it
R
e

(he carth in
0y water which comes in contact with they,
-Im,

rudioactivity

(h) The cosmic rays produce radioactivity and dissery,
: TG,
sphere. From the atmosphere it (.-' .
n b,

it into the atmo
s surface and to the body's )
f;ﬂtr

carried down 1o the carth’

through rainfall, Cosmic rays also produce r”di“ﬂuivil
y

dircctly on carth, for example, (arbon—I14.

(2) Man-Made Radioactivity :

(1) With the rapid development of industrial uses of nucjg,
figsion, particularly for the generation of power, wgy,
cts are formed and they are discharged unavoidably

produ
reourses with resulting radioactive pollution of

into watc
walcr.
(b) Mining operations to obtain radioactive minerals for use
in the application of nuclear reactors to industrial and other
uses will produce wastes. These contribute very markedly to
the radioactive pollution of water.

(c) The increasing use of radioisotopes in research, it
medical science and in industry presents a rapidly increasing
problem of disposal of these substances after use. These
may at times be discharged inadvertently into sewers an
thus find their way into receiving streams Or they may be
deposited on land and still find their way into ¥

“supplies, both surface and ground sources.
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Ldioactive particles. Todate ths

of environmental contaminatjoy, -

(he earth's-surface. This Phenome

1 . 2 J Ucsignat
as fallout. Also. rain will gnated

fallo | ' Wash ouf of the atmosphere
radioactive materials and wil] discharge them on the surfac
dCe

of the earth from where they wi] ultimately find their way

into surface watercourses or wi| be carried down into the

ground and appear in ground water source. This type of
carriage of radioactivity is usually called rainout.

(e) Water may be contaminated from the accidents of
nuclear power ships or by the radioactive wastes produced
by them. Thus, there are now numerous avenues through
which water may be unexpectedly contaminated with
radioactive materials. With the expanding peace-time uses
of nuclear energy, many new and presently unanticipated

sources of radioactive pollution of water will develop.

An important phase in the protection of water supplies from
radioactive contamination is the establishment in the
radiation back ground level of the stream or other sources.
This investigation provides information on the radioactivity
arising from natural sources and permits evoluation of the
extent of contamination from users of radioisotopes or from
nuclear reactors installed on the watershed. Also, the
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Water SIIPPI}'

d level must be known in ordep . -
“.lude

Me
the treatment needed for wastes | o
l.} h‘L

radiation backgroun
the suitability of
um and to determine

discharged into it.

the stream as a dispogy

The setting of standard of quality to which all accepigy
water supplies must conform been attempted by the USPHg
(United States Public Health Servlce) and WHO (Worl
Health Organization) for water SOurces, drinking waters an
waters used-for other ,purposes like industry, agriculiyre

elc.

Standard For Water Sources : Water Supplies should pe
drawn from the best available source. Table 7.8 shows the

standards of quality for water sources.

Tabla 7.8 Standard of Quality 7.8 for Water Sources.

1. | Physical Quality | Maximum
Allowable
Colour | | Limits In ppm
or mng/l
2, | Compounds affecting the
potability of water

Total dissolved solids __]EQ_Q/
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= e e
~ | tron
50
Manganese 5
St 1.5
Znc e
Magnesium phus sodium sulphate 1000
Alky1-benzyl-sulphonates (ABS)
S 0.5
v""-_-——

1 Components hazardous to health 45
Nitrate as NO; | | i
Fluoride

s
4. | Toxic Substances
| Phenolic substances 0,002
Arsenic - 0.05
Cadmium 0.01
Chromium 0.05
Cyanide 0.2
Lead 0.05
Selenium 0.01

5. | Chemical Indicators of Pollution
Chemical Oxygen Demand (COD) 1‘0- |
‘Total nitrogen exclusive of NO3 1
Ammonia (NH3) 0.5
Carbon chloroform extract (CCE) 0.5
Oil and grease _ I

6. | Biochemical Indicator of Pollution 6

' ' ' mand (BOD)

?_____Blochemlcal Oxjgen De T

. _| Bacteriological Standards
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, Ilty applicab]c to (( u”li}"‘-ﬁ_{\\ .
al qua ‘Baclcri;l)

(a) Bacten!
disinfection (reatl
(b) Bacterial quality red¥

convemional methods
filtration and

nent only
iring

/coagulation;

disinfection)

(c) Heavy pollution requiring
extensive type of treatment

(d) Very heavy pollution, requl
Greater than

special treatments
tandards : The

ting

of treatment

0-50 ° |
50'5.”““ |

5,000.50.000

50,000

Table 7.9 shows , |

_____‘_-N -.

2,10 Drinking Water S
standards of physical and chemical quality of drinking water:
Table 7.9 Drinking Water Standards
Quality Maximum allowable limits in ppmﬁor |
mg/| |
USPHS WHO | European (WHO) |
Physical 1962 1963 1964 |
| Total dissolved solids 500 500 250
Turbidity 10 3 5
Colour 20 15 10
Temperature 50°F 50°F SOF_
Taste and odour : Water should be completely free from
. taste and odour |
" | Chemical
Arsenic, As 0.05 005 |02
274

Scanned by CamScanner



Water Supply
m il 001 [o01
(cad. PP 0.05 005 |01
garium: Ba 1.0 1.0 15
Se]gnium. Se 0.01 0.01 0.05
chromium.CT (hexavalent) | 0.05 0.05 [005
cadmium. Cd 0.05 0.05 |0.05
gilver. AZ 0.05 0.05 [0.05
Detergents (ABS) 0.5 0.5 0.5
Chloride. Cl 250 200 350
Copper. Cu 1.0 1.0 1.0
Carbon-chloroform extract | 0.2 0.2 02
Iron, Fe 0.25 025 |o0.1
Manganese, Mn 0.05 0.05 0.1
Iron and Manganese 0.3 0.3 0.2
Nitrate, NO3 45 45 50
Phenols 0.001 0.001 | 0.001
Suiphate, SO4 250 200 250
Zinc, Zn 5 5 5
Calcium, Ca 80 P 75
Magnesium, Mg 80 75 i
Total Hardness 150 100 100
Total Alkalinity 120 100 {100
Fluoride 0.6 0.5 0.5
PH 7to8 7to8 [7to8
25
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f Water :

7 11 Examination 0 N |
o cvaluate 115 treatability, treay,
tnl

Water 1S examined 1
effectiveness and quality-

Water to be used for a public supply must be -
(drinkable). i.e.. not contain pollution. Pollution cap o
defined as the presence of any foreign Sl"bSIance —
inorganic, radiological. or biological: which tends |
degrade the water quality and constitute a Hazard or impg;, s

the usefulness of the water. Routine analysis of developeq -

-water sources are made usually to determine acceptability of

the water for domestic and industrial uses. Results of these

analyses also indicate the kind of corrective treatment which |
should be considered for specific applications of the water,
the complete analysis of a potential water source should
include a sanitary survey and physical, chemical and biolo-

gical analysis.

Methods of collection and analysis must be standardized if
results obtained by different laboratories are to be
comparable. In the United States, Standard Methods for the |
Examination of water and waste water has been published -
jointly by the American Public Health Association. the -
American Water Works Association, and the Water:
Pollution Control Federation. These methods have also been

- accepted by the American Chemical Society. No attemp! |

will be made here to describe or explain the various analyss |
procedu T |
res. The reader can acquaint himself with the

276
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(echniques involved by reading Standarg Methods. The
Jbiective here 1s to explain the reasong for conduc

i ting the
-different exaninanions 5

and to indicate the s; gnificance in the
light of accepted standards.

Sanitary Survey: Sanitary surveys of water include ()
qurveys of the conditions under which water is processed
and (2) observations and examinations of certain properties
of the water in its natural or artificial field environment.

Surveys are made of receiving streams for gross qualities
such as unsightly floating mater, sludge banks, growths of
sewage fungi and other biological indicators of pollution.
Physical properties such as temperature are evaluated in 'the
field. Fixing of chemical constituents for example carbon
dioxide and dissolved oxygen is also carried out at the site.

Sanitary surveys are made nollonly of the source of a water
supply but of ihe water supply system as well. These
surveys uncover environmental conditions. that may affect
the potability and treatability of the water being considered.
Increasing pollution problems point up the need for
additional attention to the quality of source waters.
Abatement and control of pollution at the source-will
significantly aid in producing a high-quality water.” A

periodic survey of water-distribution systems is necessary to

control 'physical—defects or other health hgzards in, the

system.
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ronmental engineer i of
S offg,

es or advise on ,
Samplln.‘

pon to collect sampl
F > yeeadurs s =
_a knowledge of correct pre cedures is IMporgn,

Samplin
called U

techniques _
uate for most physical and chemic,,

A 2-liter portion 15 adeq -
es may be required for -
|

analyses. Larger volum
determinations. Separate portions should be collectey b
chemical and bacteriological examination since the megp, i
of collection and handing are quite different. The shorter
time interval between collection of a sample anq j,
ysis. the more reliable the results. Immediate fie)y
is is required for certain constituents and physicg|

anal

analys
characteristics to assure dependable results since changes ip

composition of the sample may occur in transit to the
laboratory. It is difficult to state exactly how much time can
be allowed between the collection of a sample and its
analysis. A potable-water specimen may ordinarily be held
for a much longer period than a raw-sewage sample. The
following maximum limits are suggested in Standard

Methods as reasonable for physical and chemical analyses:

Unpolluted waters ... ... ... 72 hr
Slightly polluted waters ... ... 48 hr
Polluted waters ... ... ... .. 12hr

The time and place of sampling and analysis should b¢
recorded on the laboratory report. If the portions have bect

preserve if by an additive or deviations made from the

278 |
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n‘nccdurc outlined n Standarq Methods these |
Ty csc

rccordcd on the report. acts should
W

autions such as iron and copper 4
are

(‘L‘I'l“.in ¢
\: Jbsorption on. or ion exchange wil, the

subject 1o Jogs

b

walls of plass
" - e . 3 (lbh
pottles. Also. pH and carbon dioxide =

are subjeet 1o ¢
) ' . change
iy transit. I'hese changes in pH-alkalinity-carbon dioxid
“ h [ \‘ j t ' c
palance can cause calcium carbonate 1o pe precipitated
| , ate
 nderestimates of total hardness and ¢

and
alcium may result,

The micrdbiologic activity of a sample can produce changes
i the nitrate-nitrite-ammonia balance in hiochcmica‘l
oxygen demand (BOD). Colour, odour, and turbidity may
change significantly between time of sampling and time of

laboratory analysis.

It is impossible to prescribe absolute rules for the prevention
of all changes might take place in a sample bottle. The
sample should be collected and stored consistent with the
character of the laboratory examinations to be made. Often
much time and trouble can be saved if the person collecting
the samples and the laboratory analyst will confer in
advance on the best technique for collecting and storing the
samples.

Care must be taken to obtain a

Representative Samples :
f existing conditions.

specimen that is truly representative 0
The sample bottle should be rinsed tWO

the water to be sampled prior 10 fi
e as to the number or place

or three times with

lling. No general

. _ s of
recommendatjons can be mad
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otails of ction vary consider;
sampling. since details ol colle y fably

., " Ca]
local conditions
‘ eferably by attach
every sample bottle, Pr y ny

appropriately inscribed | g
includes all information pertinent 10 the purpose g (he

as the, name of the collector, date, hoyy, ang

il
e should be exercised in "'L‘nm

tag of label. The record Neg

sample. such
exaét' location of the source.

Prior to cdllecting samples from water-distribution’ SySten,
pipes sbould be flushed for a sufficient period of {ime
insure that the sample represents the supply. Samples frop,
wells should be taken only after thc well has been pumped
for a sufficient period of time to reach equilibrium if the test

is to represent the ground water that feeds the well.

Samples collected from a’ stream may vary with depth,
stream flow and distance from shore. An "integrated"
portion fron_top to bottom in the middle of the stream is
generally representative of stream flow. A grab sample (a

single sample); can be collected at middepth in the middlc
of the stream.

Because the quality of water in lakes and reservoirs is

su
bject to considerable variation, the choice of Ioumon and

d
epth of samplmg depends upon local condltlom and thL

urpo
purpose of the mvest:g,atlon Lake's and reservoirs -ar

affected b
Y rainfall, mnoft wmd and seasonal stratification.
Composne Specmwns | ‘

sampl| are prepared from a serics of grab
mples of from ap 4

utomatic sampler. A serics of grab

280
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s might be taken ever
-*mmlLq cvery 20 mj
n. and an am
« ount

ortional to the flow rat
prop ¢ at the sampling time is placed

. ample, | m| may be taken
jor cach gallon per minute of flow.

in the composite container, For ex

I is better to obtain too large a sample rather than one 100
gmall as the analyst may wish to make check determinations
or run additional tests. Special prescr\}ation methods are
necessary for portions that are not to be analyzed
immediately. Cooling is the most common technique, but
special chemicals are added for certain tests. Instructions
regarding sampling procedures for specific tests are given in
Standard Methods.

Expression of Results : Analytical results may be

expressed either as milligrams per litre (mg/1) or as parts per

million (ppm). Assuming that 1 litre of water or average

weighs 1 kg. the number of milligrams per litre is equivalent
to the number of parts per million. For industrial wastes
having a specific gravity different from water, the specific
gravity should be given due consideration when milligrams
per litre are used. When the concentrations is less than 1
mg/L. it is convenient to express the result in micrograms
per litre (mg/L) or parts per billion (ppb). Where the
concentration is greater than 10,000 mg/L, the results may

be expressed in percent (1 percent if equwalenl fo 10,000

mg/l).
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| may be converted to h

Results expressed in mg/
oht = e Y th,
formula ppm by weight o 7
where S = specific pravity.
The Results of analyses of polluted waters or eva]“illion
S nl'

plant operations arc expressed on a weighted bagjs e
s the concentration and volume rate of flow, R, ‘Ch.
bic feet per second (crq; 0f
(mgd). These are bage d jnr

nd (BOD). The uni g
> are

include
(low is expressed in either cu

million gallons per day.
biochemical oxygen dema

calculated as follows :

Pounds per 24 hours (1b/24 hr)=(mg/l)xmgdx8-34 (7-2)
or 1b/24 hr = (mg/l) xcfs x 5.39 (7-3)

Population equivalents: (mg/l of 5 day.

BOD)xmgdx Sl
0.17

(7-4)

Test results for colour and turbidity are recorded in units of
colour and turbidity. Hydrogen-ion concentration is
expressed in terms of pH value. Bacteriological results are
slat;d in terms of the plate count per milli-litre or the most
roba ifi
p* . l?!e number, (MPN) of coliform bacteria per hundred
milli-litre.
Standa.rd Te .
sts '
o e ts : Many of the analyses employed I" e
lon of samples of water and wastewater &°

identica i :
L. but the information sought is used for differ™

9
o0
89
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JrpOSCS: Ihe usual objective of , Water apg
" ¥ » - 313 - - ana 'r"" P
rmine the acceptability of {he water for i YSIs is t.q

o

elC ;
d 5 intended yge

and a5 @ guide in treatment,

waters are classified as potable o polluted

safe or "
purc OF impure, hard or sofi. unsafe.

Lorr().; L ] ll J ll‘(-. f, l'(.

gtandard Methods describes the following tests which are
performed on waters and waste waters,

physical and Chemical Examination

Temperature. turbdity. colour, taste, and odour, total solids.
dissolved solids, and suspended solids.

Hardness, Acidity, alkalinity (Phenolphthalein and total).
pH value, carbon dioxide (free and total, bicarbonate ion)

carbonate ion, and hydroxide.

Silica, copper, lead, aluminum. iron. chromium. manganese.
and zinc.

Magnesium, calcium, sodium, and potassium.

Nitrogen, ammonia, albuminoid. organic. nitrite and nitrate.

Chloride, iodide, and fluoride.
Phosphate, orthophosphate, total phosphate. and polyphos-
phate,

Sulphate, sulphide, and sulphite.

i i d silver.
Arsenic, boron, cyanide. selentum, cadmium. an

283
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Alkyl benzene sulfonatc (L‘-urﬁiclanls). phenols,
~available), monochloramine, dich|,
diyy,

d chlorine demand. g

Chlorine (free &
nitrogen (richloride. an
Tannin and lignin
mical demand, chemicald

Oxygen dissolved, bioche

and ozone

Oil and greasc

Biological Examination :

Plate  count, Coliform  group.  group density
differentiation of coliform. Enterococcus group. (A

Examination and enumeration of microscopic organis
nisms

Bacteriological Examination : Most bacteria in wat
] 1 2 b . . er arc
derived from contact with air, soil, living or decaying pl
[ 1 r iner anlsor
animals, mineral sources, and fecal excrement. Some of th
: of the
most ¢ I '
common types of bacteria which may be present in wat
include the coli Y o
| ‘ e coliform group, fecal streptococcus. fluorescent
vacteria, chromogenic  bacteria ; |
producing rods | - praiels: (g, 5
e . and archromobacter. Many of these bacter
without sanitary significance b ie rapidly |
water, come from unk B
J unknown ; - otr '
sources, are widely distributed I

air or soil, o
, or have :
patl i no known or suspected association wilh
10genic organisms
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y of procedures have been used in the Jag 100
. years (o

.\ \‘“‘i
- QO | (’I J {llLI' I‘} ) i
. C! c hl()IOI '('
] 4| EII

ests and procedures include the following :

The total plate count on gelati f
gelatin at 20°C and on agar at

37°C.

~ The specific identification of pathogenic bacteria

19

yf the coliform g il 5 o
Use ol 1 group as a sewage pollution indicator.

L]

_ Checking the fecal streptococcus group to indicate fecal

A

pollution.

o

E;amining Clostridium perfringens as an indfcator of
pollution. |

6. Employing miscellaneous indicators including
bacteriophage tests, serological methods, and identification

of other specific bacteria and virus.

The plate count is not required in defining a safe standard for
potable waters by the 1962 Drinking Water Standards”. It is

useful however as a routine quality control test in the various
ses and as a method for estimating the

filters, distribution systems, or
pathogenic bacteria

water treatment proces
sanitary conditions of basins,
equipment. The specific identification of
as pollution indicators requires extremely large s

wide variety of media and methods to exclude all th
be present. Neglecting the expense. the

edure would greatly reduce the

amples and a

e various

pathogens which could
time required for this test proc

285
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quch a grouP of test proceduyyg, .
S g

ess of the rcsulls
utine sampling of water 5,
Dphcs

s considered 2 reliable indicato,
. bacterial pathogens. The “he
19

dequacv of
reaffirms this standard and ;
lncl [l

d facultauve anaerobic, gramne
Batiy,

d-sha

ped bacilli which ferment |
a
in 48 hr at 35°C in the colifor -

nonspore- -forming. O
gas producuon with
grouping mcludes

nd scrologic characterl
hia coli is characteristica)|
Y an

with
organisms that dlffe
F i

This collform
istics and in their pg,
ral

blochemlcal a

habitats. Escheric

sources and
f man and ani
imals
» Aerobacte,

inhabitant of the intestines O
cloacae are frequently found in various types of vegetat;

sits in the distribution system. The intermed;
Cdiate.

as depo
es-cloacae (IAC) subgroups are found in f
ecal

aerogen
es but normally in smaller numb
mbers than, E.coli. All of

discharg
the coliform group except E.coli are commonly found i
In soil

and in waters polluted in the past.

Organi
ganisms of the IAC group tend to survive longer in water

than to E. coli
li and are more resistant to chlorination. The

relativ 2oal "
. dis;ﬂ:;ri\;Lva:ezlmes of the coliform subgroups may be used |
have been newly ;ZII o I?SS recent pollution. Waters thd
than the 1AC densnmed will show an E.coli density g
received fecal mat ; Ponuted waters that have not Jately
erial WII! tend to have a higher [AC grov |
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gonsity than E.coli. There ig considerap|

; € confusion
ontrOVers) regarding both the advanta brid

L-E_aiﬁ'-fd for E.coli as an indicator of receif;z;::t:)':advantages
The facal streptococct are characteristjc of fecal pollution and
are consistently present in the feces of alj warm-blooded
snimals. They do not multiply in water as sometimes occurs
with the coliform group, therefore the presence of fecal
streptococci in water indicates feca] pollution with a density
equal to or less than that originally present. Improved methods
and media are needed for the routine analysis of the
streptococcai group which is not recognized as an official test
procedure in the United States, although Standard Methods
lists a tentative procedure for enterococcus, The fecal
streptococci  tests  have application in  stream-pollution

investigation.

Clostridiam perfringens is widely distributed over the
earth's surface and uniformly present in the intestinal tract
of warmblooded animals. The spores have a long survival
time in water and are resistant to chemical treatment and
'natpral purification. The presence of spores in deep wells
indicates a direct connection between the surface and the
underground water source. Methods of isolation z_ind
dification are unsatisfactory for routine use. T here is no test |

for Clostridiutn perfringens in IStandard Mgthodg. |

287 |
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. 11C

ther biolog , : s e e
Numerous © s invastigators  for o
ed by variot . Mp|,
3 C - eQ r - I
. hage 1ests Phage types 10 MR Canng, b
.jophage 165 ¢

bacterioph

; ledee « i
red with our current knowledge and therefop, bar,
interprete _ : : yolutinati "
l p < as evidence Of pollution. A gglutination (cyg hay,
ittle u . ,
e for the sero-logical separation of
¢

d
., propounde
been P Difficulty has been  encountergy 0

coliform  group-
duplication of these test.

Bacteriological Standards of Drinking Water (USPHg),

The number of bacteriological samples  collected g,

representative points throughout the distribution syge,.

must be in keeping with the size of the population at rig
Typiéal minimum monthly numbers are prescribeq g
follows :

Population served (thousands) 12 10 50 100 900 2000 450¢
Number of monthly samples 2 1250 95 300 400 500

Official evaluations of bacteriological -quality are bassed
upon quantitative tests for the presence of numbers of the
coliform group of organisms: performed by health agencies
or their designated - representatives, - goverment

laboratories, water works authorities, or approved
commercial laboratories,

Depending upon method of examination and number o

monthly samples, the following specification must be met n
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coordance with serial - dilation, MOSt prabab)
. > \ "J 3 o

(Ml’m' and membrane filter (MF) lechnique Number
§

. When 10- ml standard portion gre examined
. AL ct L

|]nd -
an 10% should show the presence and more

th

of L‘Olifm‘ .
: ; m bacte

i three or more 1(-pm)

portions of standard sample will not pe aceeptable if i
‘ “RE LR 1%

poted 1N the following :
(a) tWo consecutive sample,

(b) more than one sample when less than 20 are examined

2 504 3 -
(¢) more than 5% of the samples when 20 Or more are

examined.

When coliforms occur in three or more of the 10-ml
portions of a single standard sample of water. daily samples
drawn from the same sampling point must be examined
until at least two consecutive samples show that the water is
of satisfactory quality.

2. When 100-ml standard portions are examined. not more
than 60% should show the presence of coliform bacteria.
Wate showing their presence in all five of the 100-ml

portions of a standard sample will not be acceptable if it is

noted in the following .

(a) two consecutive samples

(b) more than one sample when less than five are examined

. P19 789
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en five
20% of the samples when five of Morg |
(c) more than 2 e

examined.
cur in all five of the 100-m| porlmm of,

1S 0C

When conforn | I
water, daily samples dry

San]p[e Of dwn fr lln-l

le standard
sing ¢ must be examined unti] allcagu

the same sampling poin . ; ;
w the water is of saf
consecutive samples sho Sfacty, ory

quality.

3. When the membrane filter technique is applied, the arit,
metic mean coliform density of all standard samples Mug
not exceed 1 per 100-ml. Moreover, coliform colonjes per
standard sample must not exceed 3 per 50-ml, 4 per 100,
7 per 200-ml, or 13 per 500-ml in the following :

(a) two consecutive samples

(b) more than one standard sample when less than 20 ar
examined.
(c) more rhan 5% of the standard samples when 20 or more

are examined.

When coliform colonies in a single standard sample exceed

these values, daily samples drawn from the same sampling
point must be examined until the results obtained from &

least two consecutive samples show that the water s of
satisfactory quality.
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Watel‘ SUPpl y
QUESTIONS

Name the: VarlouS iypes iof IMpuritieg Present ip
water and write down their effects. (BUET ¢4 2 natural
Name the’ different types of living organisn;s pr

. : esent i
water and comment about their signifjcane in

€ in public w
supplies. (BUET 63, 68, 70) | public water
Write an explanatory notes on waterborne diseases

69) |

Name the .important waterborne poisons and thejr health-
connected effects. (BUET, 62, 63. 69) ,

What is meant by palatability of water ? How water can be
made palatable ? (BUBT, 67, 71)

What are the objectives of examination of water ? Discuss
the surveys, sampling and analysis is to achieve Ihose
objectives. (BUET, 66, 70 72) |

What are the physical, chemical, biochemical, and

(BUET,

biological tests usually carried out for determining the
potability of water ? What is the significance of pH value in
relation to some of those tests ? (BUET, 70, 7A 73)

What do you understand by pH value of water? Determine
mathematically the pH value of a natural water. What is pH
scale ?

Show the relationship between acidity, alkalinity and pH
value. Why the pH value is very important in public water

. Supplies ? (BUET 66, 70)
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s that ar¢ £ camed QUL on'w aer g, ;

: Gafety 2D who lesomeness (b) Pa]amblln

(a) ess. (d) Water treatment processes =, g

(BUET. 68.72)

1. Why certa qdards are adopted for maintaininy
; .

y for various pu urposes’ Write in a tabular fOrm |
lity for water sources. (BUE.7;. 7

tional standards (physical, chep;
 “Nemicy |

qualit
standards of water qua

12. Write down the interna

five of the following :

(c) Pathogenic organisms, (4
. - | '

plies, (¢) pH value of water "

13. Write abort notes o1 any
(a) Bacteria, (b) Virus,
Radioactivity in water Sup

Chemical Indicators of pollution.
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8
WATER PURIFICATION
3-1 Ohjccti\’CS: |
gafe drinking water 1s essential to the health and welfare of
a community, and many water supply systems must have
some means of water purification. The main objectives of
water purification are to make water potable, i.e. to make
‘wafer (1) safe to drink (2) pleasant to taste and (3) suitable

for domestic uses.

8.2 Methods of Water Purification :
Various methods are used to make water potable and
attractive to the consumer. The method selected depends
mostly on the character of the raw water. The following are
the various methods of water pl-!riﬁcation :
1. Plain Sedimentation.
2. Sedimentation with coagulation.

. Filtration.

. Disinfection.

3

4

5. Softening.
6. Aeration.

7. Activated Carbon Application.
8. Fluoridation,

9. Recarbonization.

10. Demineralization.

['1. Desalinization.
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Objectives :
To make the water .
. (1) Safe to drink
(a) Removal and destruction

of pathogenic organisms 1.2,3 4
(b) Removal of excess fluoride 2.3
(c) Addition of fluoride g
(2) Pleasant to Taste
(a) Removal of objectionable gases 4,6.7
(control of tastes and odours )
(b) Destruction of algae 4
(c) Removal of algae oils. products of
decomposing organic waste 24867
matter and industrial wastes
(3) Suitable for domestic used :
(a) Removal of turbidity I. 2.9
(b) Removal of Colour 3.6
(c) Removal of iron and manganese 2.3,6
J

(d) Removal of hardness
(e) Removal of objectionable minerals 10.11
(f) Removal of objectionable salts 3§
8.3 Selection of Water Purification Method :
The type of treatment required depends on the physical-
chemical, and biological characteristics of the water. Walcr
from c.leep wells, for example, is usually free of pathogen’
bacteria and no purification is necessary. Most well watef
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Scanned by Camécanner



Water Supply

a0 hard and softening, ‘mgclhcr With rem
qnangancse: s be desirable, T MOSt turbi| v, .
enerally TEQUITES 10 more than- plgjy sedime el
cluriﬁcalion. If there is possibility of pollution -T l
s also advisable. -
The relatively high turbidity of river waters
equire facilities for chemicg] scdimcntulinn-
The turbidity of river water varje
the year. It may be quite high dyr
jmes. Some plants treating river water may have the
facilities for adding coagulant byt use them only during
floods. Storage in reservoirs will reduce the need for
sedimentation. Many countries have also taken steps to
reduce erosion in watersheds tributary to their water source
in order to minimize the requirements for clarification. Most

surface waters are subject to contamination, and disinfection
is usually essential.

val of iron and

ation for
lorination

will usually
and filtration,
S considerably throughout

ing floods but low at other

Flow diagrams for two typical water-treatment plants are
shown in-Fig. 8.1.

8.4 Plain Sedimentation :
This is the process of causing heavier solid particles in
suspension both organic and inorganic to settle by retaining
water in a tank or basin. Many of the impurities suspended
In water have specific gravity greater than one and are hcld‘
In suspension by virtuc of the turbulence or currents

! re retarded.
Maintained in the water, When these currents a

' f the
the suspended matter generally settle to the bottom ol the
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hody of water. This 1S the basic principle IMVolveg In
t -

) sedimentation process.

pla >
The particles having specific

ater by force of gravity
. \”h

move downwards m W
al resistance of wae

10
: i iction
acceleration until the fric or g,

impelling force due 1o gravi
; .

"drag” approaches the
el with a constan(

Thereafter the particles trav ety
velocity called the settling velocity. The settling velocity B

the particles depends upon the (1) horizontal flow velocijy
of water. (2) Shape and size of the particles, (3) Speg,
gravity of the particle. (4) Viscosity of water, (5) Density of
water. and (6) Temperature of water. and is computeg
usually from the Stoke’s Law which is in the following

g ﬁ(s“)% ..................... (8.1)
in which V= Settling Velocity in cm/sec.

g =981 cm/sec’

S = Specific gravity of particles

d = diameter of settling particles in cm

y = Kinematic Viscosity in centi-stokes.
It may be noted that Stoke's Law holds good only for
particles of 0.1 cm diameter and of Reynold's Number 1 of
less. In this range, Viscous forces are larger in relation 0
inertia. For particles of greater diameter and hight!
Reynold's Number, friction or drag becomes more

prominent and where diameter of particles increases aboVe |
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Wialter N“l‘l'-‘l.\'

nlld the Reynold's Numbyey above

Iluilmhll resistance or drap applies, i ¢ S Law
4
VNI, T e, (8.2)

in which Cy = Newton's Cocfficifing of dr

ag and o :
have » (he same meaning as explaine e letters

ll h(_ I“l'l_,'

}“‘i i Lol ML U] PYRY
Mixing Dasin Eloml-hn Eﬁﬂ‘.""'mc Filler Nad T
- S _]"_““

Chlornation
Coogulants

(a) water Requiring Coagut ation, Filtration and Disinfection Only

\ el Dist dadion
!v..": S lmh“. {1':::}‘"'!‘! *uumnmm Tl e i::' - I

Zoolte lled

= 2

Coogulants Chiofination

(a) water Requiring Complele Treotment

Fig. 8.1 Flow Diagrams for Two Typical water Purification Plant

Detention Period : The detention period of a settling basin
in the theoretical time water is detained in it. It is given by
the ratio of the volume of the basin to the volumetric rate of
flow through the basin. It may vary in practice from a

portion of an hour to many days, but since the greater ‘pu.rt
during the first portion ol the

subjected to further
a detention period

of the total removal occurs
period and since the water is to be later
treatment, basins are designed usually for

of 3 to 4 hours.
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qod ¢ This 18 the actual fin,
0f 0

ough ¢!
J for a small amoung o
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p flow is seldom aniform because ol any Y‘ lhe
: 0f lhe

qs (1) dillerence of temperature, (2) pag
it artieyly
walls. (3) manner of withdrawing o, ”;IIar
; |
sult, part ol the water reaches (he (;W
' Olllc!

he de iod and the flowing
I

i

llgh

|1L‘I'inl|

yary s | o of the water inthe tank
incomin
rensons
position ol baflle
(rom the tank. Asa re
mainder and part stays in the tank |
longer period of time. The percentage ratio of the o 0." d
dod 1o the detention period s, ”1L‘rc|‘0,‘.“:mg
ney of distribution of flow in the I’L‘l‘siﬂ

as

more rapidly than re

through pe
measure of the efficie
or the efficiency of the basin itsell. For a well-desi
basin. this is seldom taken as less than 30 per cent [];blgl.wd
through period is practically determined with th‘ h:lx:nﬁ]‘
0

d "cs. ¥ * 1 Ve 3 ) noe '
yes, chemicals such as sodium chloride, radioactiv
. L " c

isotopes, clc.

S
| L 4.../
| e, T
- | Q
| 0
l ]
| ! H
' : Time'Taken
: v =
,.v”ﬂ I niaten Slal ot PP DU DS X 3
- . V‘ | /\
Time Taken = LBH.
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Fig. 8.2 Thoore(j
+& 1heorctical 1

. oW Through a Rectangular Scdimentation Basin
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cORY ; In Fig: 8.2

L= length of the basin
i1 = depth of the basin
3 = width of the basin

V= horizontal velocity of flow of water in the basj
. Y asin
y = settling velocity of the particle in the basin

Q= quantity of water flowing through the basin

then V = EQH— and

rime of horizontal flow = L &
%

i f . . _ H B .
Time of falling or vertical flow = ’—/: = Detention period.

Now. for the particle to reach the bottom before water

leaves the tank time of fall= time of horizontal flow

: H IBH
[y ——E—
Vi: ©
or Vg -2 = 2 where A=cross-sectional area of the basin.
BL A4

enable to reach the

This is the limiting velocity of fall to
articles with

bottom of the tank, meaning thereby that all p

velocity greater than Q— will reach the bottom before
A :

reaching the outlet from the basin and thus removed.
Whereas all particles with velocity less than will not reach
the bottom and only be removed in the ratio of their velocity

299
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, aevis only hall ol = then gpy, o
Q4 o i their veloeity 18 €7 Z Y haly

o | |
L ey . -\v]ll I-c,lch -

: deles falling al (his velocity ach the hnnnn]

the particles Tttt ! .

~ ' ( p—y . .‘ " (‘ 1

i+ A=100 sq. It and Q=1 cfs. (hep ¢ |

For example. 11 ; |

aeticles which fall with a vel..:

]) TN AL g F 0 d |
llt‘l“ 01 fps will be removed, whereas only 50% of thoge
O . .

. 0.01 =0.005 ps shall be removeq ang

havine a velocity of ==

0.01
, o a velocity of —— = 0.0025 fps sh
259 of those having a velocity of 4 Ps shall pe

) _ b o
removed. Thus, *('*or the over flow rate for any basin s 4
. y

measure of the effective removal of particles in this basin,

O . - . . .
This equation, Vs = :l- = will also indicate that with a gjvep

Q the greater the surface area of the tank, the smaller will be
V.. the smaller the particles removed and without
consideration of the depth. the basin could be designed
efficiently-evidently an absurd conclusion. Actually.
velocity is not so simple as given by the above equélion and
depends upon a number of factors as specific gravity, size
and shape of particles as well as temperature and kinematic |
viscosity. The fact, however, goes beyond saying that the

overflow rate has been an important bearing in the design of
sedimentation tanks

300 l

Scanned by CamScanner



Water Supply

A ypical rectangular sedimentation tank is shown in Fig.
8.3

gxample 1 : One million gallons of water per day (I mgd)
asses through a sedimentation tank which is 20 ft. wide. 50
it..long, and 10 ft. deep. (a) Find the detention time for this
basin. (b) What is the average velocity of flow through the

~ pasin? (€) If the suspended solids content of the water

qverages 40 ppm, what weight of dry solids will be
deposited every 24 hours assuming 75% removal in the

basin, (d) What is the over flow rate?

Volume of tank
Solution : (a) Detention time =

Flow per unit time

9
:..0><50><10)(7.48:{2&1
1x106
= 1.8 hrs.
. _ g 1x10°
ty, Vo= ==
(b) Velocity, Vs = = = 10%7.48x 60x 60x 24
= 0.0077 fps.
, 40x10°
(c) Totat solids deposited = 0 x 8.34x0.75
6
=250 Ib/day
(d) Over flow rate = == = Lxl0 =1000gpd / sft.
BL 50x20

b

Example 2 : A rectangular sedimentation tank is to treat

400,00 gpd of raw water. The detention period is to be 4

hours, 'the velocity of flow 3 inch per minute and the depth

301
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4 ft. 1f an allowance of 4 ; 1
| be the length ang “’iq' Or

VAL, of

sediment 18 |

of water and
shoulc

nt 18 made. what

sedime
ank?

the sed inwnlmion (

Solution @
v=23 inch/min-—().25 fpm

nk =240 x 0.25x60 ft.

Velocity of floy

Total length of the ta

Volume of water to be treated 1n

P i‘l%(lg‘)—f‘-—‘f _66.700 gallons

= 8.920 cft.

Cross-sectional area of the tank
= 8.920/60 = 148.7 sft.
Effective depth of the tank- 14-4 =10 ft.

Width of the tank= 148.7/10= 14.87= 15 ft.

Circular Sedimentation Tank: Sometimes, circular

sedimentation tanks are used, as shown in Fig. 8.4. The
diameter of the circular tank depends on the overflow rate
volume and depth. As for circular tanks, equipment is made
in certain standard sizes, generally, the tank bottom is cone-
l'sh?Ped with a slope of about 1 inch vertical in Ift.
] . . .
.onzontal. ‘Wllh these conditions as basin the volume of
c1rcuiar sedimention tank is found by the formula
v=D (0.011D+0.786H)
in which V = .
o dxfolume of circular tank in cft
lameter of the tank in ft
|
302 |
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H = vertical depth at wall in f{.
 value of H (generally 10 to 14 ft) is agsumed and the
> non can be solved for D if the volume V s known,
fhe following factors generally govern {he design of

d]mentatlon tanks, both circular and rectangular : (1) No,
tml\mg basins. (2) length, (3) width, (4) effective, depth,
5) velocity of flow, (6) inlet arrangements, (7) intermediate
jrrangements. (8) outlet arrangements, (9) detention time,

(10) sludge storage volume, (11) method of sludge removal.
and (12) cover if any,

gxamples 3 : A circular sedimentation tank with standard

mechanical sludge removal equipment is to handle 7.50.000

apd of raw water.

Influent Chamber ~ Water /S‘”'" Thetigh

Bafle— (- Motor / Table Isame
TR ( ) 7 | / Effluent Weir

—- = FR|| BEaNcAs it i .'-' v?&‘ﬁﬁﬂ:ﬂl y

— . I — Effuent
s moen| ®
Pipe - —

Hopper Pipe \\*Fllohts
Sludge Hoppel‘

Fig.8.3 (a) Rectangular Sedimentation Tank (Honzontal Flow Type)

“1
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Infivent Pipe
Fig. 8.4 (@) Circular Sed
___.a Motor
| P —
Clarified [
water

Fig. 8.4 (b) Circular Sedimentation Tank (Vertical Flow Type)
Types of Sedimentation Tanks

If the detention period is 4 hours and the depth of the tank i
to be 10 ft. (effecrive) What should be the diameter of the

tank ?

Solution ; Volume of water to be bandled by the

_ 7.50,000x 4
ta - -
k= = 125,000 gallons

24
=16,710 cu g,
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Using the equation. V=D* (9 o1y |

: 0.785H
16.710=D7(0.011D + 0.785:(]0.)

By trial and error method,

D =44.67 ft. say 45 fi,

3.5 Sedimentation with Coagulatiop

The removal of very fine light coll;Jidal

s impurities from
water is difficult to achjeve

. N practice by the aforesaid
process of plain sedimentatiop. This can

be greatly
expedited by the addition

to water of certain chemical

compounds which where thoroughly mixed form wooly

masses of f occulent precipitate enmeshing the suspended
particles become heavier and finally settle out. These

}
|
|
|
|
1'
:
i
|
I
|
|
r
|

substances are called coagulants and their process of
reaction is coagulation. Strictly speaking, Coagulation is the
name given to the actual combining action whereas
flocculation is the term to indicate the process of building
up of the larger and heavier particles of floc ‘which will

settle.

The coagulants commonly used are : alum or aluminum
sulphate, copperas or iron sulphate and lime. Other less
commonly used coagulants are sodium aluminate, ferric

choride, ferric sulphate, chlorinated copper as and activated

F-20
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. i« of some common coagulap
; characterlsthS ts

ilica, etc. The :

are . 1 : Typical chemical reactions involyeg

are . . .
(1) Als (SO (HCOs)r->Al(OH)s+3CaS04+ 6CO,

\

(Floc) L
natural alkalinity, 1t would be

For waters having low .
r soda ash in order that

necessary to add alkalies are lime O
the coagulant remains active and is completely precipitated

al action.

+ 3Ca

out during the chmic

| (2) FeSO4+ Ca(HCO3): Fe(HCO3)2 + CaSOq

The bicarbonate of iron is change to iron hydroxide by the

addition of caustic lime. Thus,
Fe(HCO;3),+2Ca(OH) _yFe(OH); + 2CaCO;3 + 2H,0

The reaction continues with the oxidation of the ferrous
hydroxide by the oxygen present in the water to ferric
hydroxide 4Fe(OH); +O; +H,0—>2Fe(OH);3

2
(Floc)
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e 8.1 Some Common Chemieals
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Tab . sed in Wager
Purification
| e Weight [ Troublesome | Proneaie T—
1ance 1¢ roner ioe
m’f b [characteris- operties PH 1 Normal
percuf|  tics “'“:gc for (|()S'.u'gc,
( et gramns
coagula- | ‘per gal
7 tion,
ninu™ : Acid, and
AJIL;hﬂ‘C(AII)(SO4)“Is 39| Dusty cormsiv:zn 5580 103-0.5
:;10) alum
R s Cakes at
Ferrous sulphate 46 })C(;IJI? above|Acid ~andf8.5-11.0 03-30
£eS0;.7H20):c0PPEras 20° in moist|corrosive
[ air stains
Ws (Ca0); | 65 [Dustyslakes | Alkaline | 5.5-8.5 | 0.2-1.5
iick-lime on standing in|  and
¥ air incrustant '
Calcium hydroxide Alkaline | 7.5-9.0 [0.3-2.0
(Ca(OH).). 50 |Dusty . an(: 1
hydrated lime Incrustan
E%ﬁlm aluminate (Naz 58 Hygrosco Alkaline | 7.5-9.0 | 0.2-2.0
Al-0,) pic :
: Alkaline
Sodium carbonate (Na,
CO Dusty 6.5-9.5 | 0.2-2.5
soda ash
Ferric chloride (FeCl) | 63 Acid, corro-|Acid _and 5.0-11.01 0.5-3.0
sive, COrrosive
staining
= liquid T30 -
l‘:enic sulphate _ Acid and 50-11.0
Fes(80,); 70 |Stains cOrrosive
: Alkaline ;
Sodium  silicate  Na Lsticky Mg [60-100 0332
Si0 ; 66 [and StICKY
1-Na,0+8i0, L
\--.~_______ e
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Jous precipitates of floes produceq j, the

¢
hydroxide and ferric hydsg N
)\'idt v

Thus the gelatil

cases are aluminum

I considered {q be
04 ulatlon 1S i
respuctlvely he coag 5 ll\lng
place in tWo distinct stage
' he neutrali'zatio“
First stage 1S marked by 1 of g .

As the coagulant dissolves, the dissoq: i

charges.
ged particles of turbidity. Colloida] Clay 5

posmvely char

colour and thereby coalesce OT combine into a single &

For this a rapid and thorough mixing is desirable.

Second Stage : The initially ‘formed particles are molecyl,
in size. If now the water is gently stirred, the parig),
ﬂocculalte- and grow bigger in size i.e., anglomerate, By this
anglomeration, the larger colloidal part:c]es of turbidity g4
colour are enveloped and the floe becomes heavier ang
carried dawn to-be ulumately removed by sedimentatiop,
Flocculation is brought about by slow stirring. In this
process, the floe also absorbs suspended particles from the
large surface with which it is in contact.

Factors Influencing Coagulation : Many factors_inﬂlience
the coagulation of waters. Among them, the following are
important, (1) Kind of coagulant, (2) quantity of coagulat.

(3) characterlstlcs of water (suspended matter, pH and
temperature) and (

Coagulatlon. -

4) time of mixing, flocculation ﬂ_ﬂd
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¢ of Coagulants : T} depend
I){)Sﬂg

‘bidity
< such as (1) tur
,hctol‘S

3 -
: jperature of water. The
tef

S Upon
of Waler, (2)

pH value of water, (4)
s ;

a Nnumber of

Colour of water,
lime of settleme
amount per |jre
rom 0.03 t0 0.13 gram or more of alum
{ro

ater the turbidity of Water,
ore

nt and (35)
varies in prac(ice
- It is found that
gulant is required,
Increases with

of slow reaction and flpe formation.
ontrol of pH value is Important fron the point of view
The ¢

f maintaining the character of the floes. Thus, for
:luminum hydroxide floe, if the PH value is lower than the
optimum, the insoluble floes become soluble ?nd the floes
disappear. If on the other hand, the PH value is more than

, TR 0
he optimum, the aluminum hydroxide ionizes into a
the -t

more cog

he amount of coagulan also
The

lower
mperatures because
te

aluminate which is both negative in el'eclrioal ch.argf.: a;d
soluble in water. It is found that the optimum pH lies lm :i
range of 5.0 to 6.5. For proper control of t.he pH va u.e;he
may sometimes be necessary to lo.wer or raise lth: pr: ;wid
former can be achieved by adding !TltO wa.ter S; pl tue o thé
or hydrbchlori.(: acid or carbon dioxide while t ¢ la

addition of caustic soda, lime or soda ash. d
For removal of colour, éollour, floc is required tofenfoir;’l;h
first before Subsequeﬁt removal through ﬁlt'ri loH. i
Most coloured waters, this floe is formed with p

ive i ing colour.
below 6.5. Alum is quite effective in removing
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Coagulation is usually found nccessary for waterg o |

' “Ving
turbidity greater than 40 ppm.

Jar Test : This is a |aboratory method to determine the 0 |
Pl

~ mum dosage of

be added to the raw
.1 a treatment plant. Since alum js
S the

particular coagulant which is requireg
lo

water for coagulation and subseq,
1en

sedimentmion

coagulant commonly used
ptimum dosage.

at the water treatment plant, o
- (CSly

are run to find out its 0
aratus consists of a rotary device having g;

¢ & SIX

ng rods provided with pedals at lowe

Cr

The Jar Test app

number vertical stirri
ends and called multiple stirrer. with stirring water and alyp,

contetns

Electric Mot
/ o Driving Shaft
/] - . /
i 1M

. Pedals
Fig. 8.5 Jar Test Apparatus
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Driving Unit

~S————— Molor Shaft

; Xi "“L:_.D" LAY S
ETICR - e Water Leve AL
— A -r | [

Inlet l:_:' ; T : Qullet

3 *'*-“ 3 J i
i1 - HBafle | |~ - Impeller Shaft

e in

- e e
LN .__"...__. R, iy {’1
v 3 - _\) his
b | e, S R el B
e e el L P
E

R
'y

Impeller

i

L1 st iptanta SRR Driving Valve
s C e i s s e e ML
s smeetrizal l;;‘I_hDralnPipe

e D T A T T
P T P R

stevny Tis T " il
R R R

Fig. 8.8 Flesh Mixer

placed in six number beakers or jars each of 1 litre capacity
(Fig. 8.5) The multiple stirrer is turned through a horizontal
shaft which is geared directly to an electric motor. The
motor is provided with speed-reducing gears which enable
the pedals to revolve at different speeds as required in the
first and second stages of the coagulation process.

When different amounts of alum solution are added to each
jar containing the same amount of water sample and the
constants stirred rapidly at first for 2-3 minutes and slowly
later for obout 30 minutes and the liquid finally allowed to
stand so that floe may form. the smallest dosage of alum
that produces good floc is taken as the optimum dosage for
the particular water.

Mixing Basins : Tanks in which water and the coagulants

are mixed together are called mixing basins. Mixing basins
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Iy of two types (1) the baflle type basin ang Oy
v of two [YpPes . |
. ated type basins.
These are of two types : (a) round
o

are usual

mechanically agit

Baffle Type Basins :
bafle. and (b) over and ut

case of basins with round
divided into a continuous seriey .

derflow baftles.

nd ‘ )
enc the end baftles (Fig. g4,
In the »
ractangular tank 18
channels by means of b
he coagulant has been added to flow around the epg

affles which cause the wager
which t
of the baffles through numerous channels. The channe|s are
made narrow so that the velocity of flow will be sufficie,
to prevent the formation of deposits. In the case of with gver
and under baffles (Fig.8.7) the coagulant-mixed water flows
over and under the baffles through the channels.

Design of Mixing Basings : In the design of baffle type
mixing basins. following points are to be noted. They are
principally based on conventional practice.

(1) Velocity of flow in the channels between baffles
=(0.5to 1.0 ft/sec. | |
(2) Mixing period or detention period = 20 to 50 mins.

(3) Distance between baffles = 18 inches.

(4) Required depth of channel for baffles of the ground the -

end type may be calculated from.,

cross-sectional area of each channel
Depth of channe] = . et

. Distance between baffles r
©) Required width of the channel for baffles of over and |

under type may be calculated from

312
| Y

Scanned by CamScanner




Water Supply

Cross-sectional areq of each channel

ath of Channel = ;
wu_ifh Distance between baffles

mple A mixing basin with a round the end baffles is 1o
h# .3 mgd of raw water. The basin is to be divided into two
mal]ar parts by 2 a longitudinal partition wall so that each
alf will have 2 clear width of 10 ft. What should be (a) the
d pth of the basin, (b) the number of channels, and overall

side length of the tank ?

T
Bt
s ts 9

~es
Mt

)

I-l‘
"2
Ve
Jat,
e
2
T,

-

Ve gy N
= 2t
PPy

E

TS
T D e it
L LT

Channels

m Outlet Plan
Fig. 8.6 Mixing Basin with round the end baffles

Channelé

- .y

" Inlet

—
== Outlet

i | Tl Vertical Section :
Fig. 8.7 Mixing Basin with over and under baffles
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Distance between baftles = 18 inch
me: .
AR — 20 mins.

Mixing period I

~ velocity of flow = 0.8 ft/sec
Clearance between end | :1
of each baffle and wall = 1.5xdistance between

baftles. '1

Solution : .
(a) Velocity of flow + 0.8 ft/sec = 48 ft./min.

Total distance the water will travel = 20x48
= 960f1.
Volume of water to be mixed with coagulant in each Period

of 20 mins
~30.00,000 )

60x 25
= 41,670 gallons = 5.570 cu fi.

20

Cross-sectional area of each channel between

balfles =210 =570 50 . |
960

Depth of each basin = -S—I—ZS(—) =3.8=41

(b) Clearance between end of cach baffle and the wall
= 27 inches =225 fi.
+ 15 assumed that the effective length of each channel ®

equs - in X
qual to the average distance travelled by the water I IS

channel, This effectiv cle?

¢ length is then equal to the

314
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width of either half of the bagjp, minus

each wall or the clear width of the half of the basin mj
full clearance at one wa]||. Since the width of ea :“]: uls‘
| & ch he
of the basin is limited to 10 g In this B

ength of each channel is 10-2 25 - 7.75 ft
No. of channels = 960/7.75 =124

half the clearance at

(c) No. of channels at each half of the basin = 124/2=62,

No. of baffles at each half of the bagi, = ¢

clear length of the basin ( exclusive of the thickness

of baffles) = 1.5 x 62 =93t

If the thickness of each baffle is 3 inch, the total length of
the basin = 93 + 0.25 x 61 = 108.25 ft.

Mechanically Agitated Mixing Basins: These are basins in
which Water 1s subjected to a violent agitation when the
coagulant is first added to water and to a gentle action when
the flock is forming. The first of these operations is usually
achieved in mixers, called Flash Mixers and the second one
in Flocculator.
In a Flash Mixer (Fig.8.8). the rapid mixing is caused in a
rectangular chamber, by the revolutions of a propeller fixed

to a shaft and driven by an electric motor. The period of

detention may be minute (usually less than a minute),
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/Driving Unit

/ Flash Mixer Flocculator

Flocculator Clariﬁer Sl_u\dE
DlSCﬁarge

Fig. 8.9 Dorr Mechanically operated Coagulating Apparats
In a Flocculator the slow stirring is mechanically broygh,
about inside a circular tank equipped with paddles revolving
on a vertical shaft. The paddles operate 2 to 3 revolutions
per minute. Time allowed for flocculation varies from 30 (g
60 minutes. In practice,. a combination coagulant feed; flast
mix, flocculator and a clarifier (Fig.8.9) is quite commonly
used. In the clarifier, small scrabers-are attached to radia
arms moving towards a 'sludge'p'ump from where sludge can
be continuously removed.
The mechanical operated mixing basins have such
advantages over the baffle type basins as (a) reduction in the
amount of coagulant (as much as 40%) due to more
thorough mixing, (b) negligible loss of head which in case
of baffle type basins is higher.. about '1.75 ft, (c) greater

flexibil :
) Xibility of operation and (d) lesser cost in installation.
8.6 Filtration:

Filtration js 4 process of

; water purification in which water - |

Tom a se; ' : |
Mmentation tank jg allowed to pass through, a bed
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ng media, usually sand and gravel, and the fi]
y > hiltrate is

| . s / L llln
IC / 0

. ﬁ]tcri
CO]]eCtE

Esscntiall
ended soli
2move susp solids from water, with devices to

aintain @ uniform rate of flow through the bed and with
prOViSion for periodical washing of accumulated solids from
flter media. The filter media are very efficient in
taining finer and colloidal particles of clay and silt. It also
jids in removing colour. odour, turbidity. iron and
manganese.

Types of Filters : There are two general types of sand
rers commonly used in water purification. These are as

fil

follows :
. Slow Sand Filters - usually gravity type

7. Rapid Sand Filters-both gravity type and pressure type. In
gravity type filters. the water passes through the bed by the

action of gravity alone. This type of filters are commonly

used in municipal water supplies. Filter medium, is mostly

sand.
In pressure filters, h

forces the water through the ‘be
[l installations like ;wimming pools,

racites. or

ydraulic pressure from a supply line

d. The pressure filters are

mainly' used in sma
industries, etc. The fi
diatomaceous earth. -
Slow sand filter was first developed
Britain early in the nineteenth century a

Iter media are sand, anth

and used in Great

d later a number of

317

Scanned by CamScanner



water Supp!y
onstmcted in the USA (frop, iy

. e W
fants of thS typ d filter is also known as the Brig :
S

d filter. also known as the Amc
Lap

ot Thel rFl:lt s developed in the USA durin, the
Melc,hanlcgo_lgw, Because of its greater adaptability anq
period 19 d filter, it has replaced Jargy,

san
advantages OVeT the slow

e slow sand filter nowadays.
res of both slow sand filter and rapig i

d in the Table 8.2

th
The general featu

filter aré summarize
Table : 8.2 General Features of Conventional slow sang

filter and rapid sand filter. . ; .
Features considered Slow Sand Filter Rapid Sand Filters

7 to 5 gals/sgft of|120 to 250 gals/sq ft of]

filter area per hour_|filler area per hour
Smal 1/100 to 1/10 acre

1. Rate of filtra
tion

2. Size of bed ]
Large, 5 acre

3. Depthof bed |12 inch of gravel, |18 inch of gravel, 30
42 inch of sand, inch of sand, or less:

usually reduced to |not reduced by washing
not less than 24
. inch by scraping S
4.Size of sand  |Effective size Effective Size :0.3510
0.2.5 t0 0.3S mm; |0.5 mm. and higher:
u;uformity coeffi- |unifoimity coefficient:
cient : 2 to 3 1.8 or lower, depending |
on the underdrainage
system.
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: l 3# " 3# o ——
& vE S i by
sl & 18 4 2" 102!y
‘e 5 . _—-'—""—-——-______
| Grain size Unstratified Stratified w;
400 tion . With smallest
distr odin or lightest grains at top
§| of %% and coarsest or heaviest
/ﬁ]tgr,, —___|atbottom '
: Wage S;o)lit.tile laterals | (a) Perforated pipe
| gystem laid ' coarse stone |laterals discharging into
and discharging pipe mains :
into tile or con-  |(p) p '
: orous plat
crete main drains  |inlet oy - plls dbove
§C) Porous blocks with
included channels-
mf head (2.5 inch initially |4 to 6 inch initially to
| to 4 ft finally 8 or 10 ft finally
: mth of run [60 to 90 days 12 10 72 hrs.
| between
. clearings
10. Penetration |Superficial {Deep
of suspended
matter Slow Sand Filters |Rapid Sand Filters
 |Features
considered
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11, Mathod of
clenming

e —————— p——

12, Amount of
wash water
required in

cleaning sand

ol

ol

Jayer
hing and

(1)
surfuee
gand, W
qloring cleancd
gand for pet
resanding of bed

(h) Washing surface

in place by

iodic

sand
was-her  travelling

over sand bed

Dislodging ana

FeImoving SUSPE
matter by upwiyg |
flow or |’i:lf;|f.'-}.';r_|i,

ing, which Nuidize.

the bed,

waler
filtered

;;.2 1o 0.6% of

| to 6% of water

filtered

13. Pretreatment

of walter

Generally none

Coagulation, floces
ulation and sedim-

entation are required

14. Post filter

Required, generally

Required, generally

treat- chlorination chlorination
ment of water
3. Suitability ~ |Not  suitable  for|Suitable for all types of
water Having|turbid, coloured or tast}
turbidity more waters |
than 50 ppm with
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colour and taste

7 Supervision

Skilled supervision
s

not necessary

Skilled supervision
IS 'necessary at every
step

(7. Bacleria

cfficiency

95 to 98%

85 t0 95%

.“‘-\-_____‘_-___

| R

m to
remoVve
culour,
odour.
turbidity.
iron and

man-

80 to 85%

75 10 95%

ganese.
19. Cost of cons-

Relatively low

Relatively high

| truction
20. Cost of

| Operation

LLow

)] N 5 o
21, Depreciation

cost

Low

321
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" Theory of Filtration throueh Sand-bed: Eiltration throyg,

bed of sand aids in removing bacteria, finely "“Vide
a be * ‘
1d colloidal matter. These [‘)hcnomcna y

dre

suspended ai ' |
: f the following four actions -

d on the basis O

explaine
1. Mechanical Straining

7 Sedimentation and absorption
3. Bacterial action or Biological metabolism

4. Electrolytic Action
(1) Mechanical Straining : The straining action offere by

the sand-bed removes the particles of suspended matter thy
are too large to pass through the interstices between the sang
grains. As the small particles move through the pores iy ]
sand, they come in contact with sand surfaces and adhere,
This process is aided by curved flow, paths around the |
grains, which by centrifugal force, throw the particles
against the sand grain surfaces. The suspended particles
within the pores, eventually increase in volume and adhere

to sand surface; they also establish training action. This
process cannot remove colloidal matter or bacteria too small

to be strained out.

(2) Sedimentation and Absorption : This process accounts
for the removal of colloids, small particles of suspended
matter and bacteria. The interstices between the sand grains
act as minute sedimentaticn basins in which the suspfmded
particles settle upon the sides of said grains. These particles
adhere to the grains because of the physical attfaction -
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the two panicles of maqier

lu-lwt‘c" : m and hecame of the
esence ol a gelationous Coatngs farmed on -

previously deposited bacterin . .
o 4ins bY | I bacteria ang colloidal matter,

) giological Metabolism : ¢ iy 0 growth and life

co8Ses of living cells. This,

proc logether with clectrolytic
sotions. CaUSES chemical changes that oceur in 4 walter filter,
mhis the grains of and in the op layer of the media,
thsion of bacteria on this coating I'(In'ms a zoological film
or jelly around each sand grain in which (he biological
qctivities  are carricd out. This film s termed as
ngchmutzdeeke™ or “Dirty Skin" and is wholly responsible
for the detention of bacteria on the sand layer. 1Iu, process
is very prominent in slow sand filter.

(4) Electrolytic action : This action is explained by ionic
theory. It states that when two ions with opposite clectric
charges are brought into contact the electrical charges are
neutralized or so altered as to form different chemical
substances. The electrical charges on the sand filter, and on
the ionized matter in raw-water, react to alter the chemical
constituents of filtered water. Ultimately the electrical
charge on the filter is exhausted and the filter must be
Cleaned to renew these charges.

The Difference of Action between the two types of filters

May now be explained. |
lna slow sand filter, the action takes place principally at the
Surface of the sand-bed, though it is also continued for some
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giow: The: gets coated with a skin o
rial action of fincly susp ayer
2HsPen(
¢d

e to the hactc
and other organic matter present j,
; . 1

cteria ctC.. prcvmusly coated aw,
On ]

I¢

distance b
formed du

matter, plal
r. with the alg
sand-bed b
‘_ca[led schmutzdecke: The successful operation of 3 g
sand filter is principally dependent upon the exislcnc‘eou
(his layer. Below this layer and upto 12 inch or so it e of
ial zones. Here the actions i”"OI\r*::

are present other bacter
are to completely oxidize the organic matter. destroy
most

of the bacteria present and let only simple

L and

ic salts to pass through the filter beq
e

1kton

ae. ba

watc
y the raw water itself. The |
ayer g

surface of the

unobjectionable inorgan

into the effluent.

In the case of a rapi
sch i

nautzdecke acting as a surface straining-mat. Th

. The

d sand filter there is no such

straining action in thi
o fl ion in this case proceeds throughout the depth
; e filter sand rather than, on the surface or t P
istance be : . 0 a small
- Jow this. Other actions involving compl
C : '
o i (;a and chemical changes as water passes th hp N
e —— . rough the
lond similar to those in a slow-sand ﬁlterL It |
at sedimentati R
‘ ion and absorpti
responsible i . absorption are
e ¢ m causing the suspended load ol
m grams. It is then acted upon b gt
: aterial and gets converted, T Y (he previously vy
o , T} : L
Th_ the previously-coated 1e existence of the formcr
: , material is i
Ihis materia] g largely f Zrlal ot
e
by the pre-treatment O
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*,,gululiml of water. That means it 3
cun

| It 1s necessary for
o be coagulated before {|ye

' A1'Q l 2
yaters: Y are allowed to pass

|r011!:|‘ (he rapid sand filters, Other conside rations [or

Cl_qulul operation of these filters are proper thickness of
‘nd _bed and size of the sand grains.
filter Sand : The selected filter sand should be free from
clay. loam. vegetable or organic matter. It should also be
yniform and of proper size. If the sand is too fine, it tends to
quickl)*’ clog. causing a greater loss of head in the filter and
if it is too coarse, it will permit suspended solids and
hacteria to pass through the voids between the sand grains.
It is usual, therefore, to classify the filter sand by such
characteristics as the effective size, " the uniformity
coefficient and the per cent size.

Effective size of the sand is defined as the sieve size in mm.
which permits 10 percent of the sand. by weight to pass. or
in other words, as the size of the grain that is larger than 10
per cent by weight of all the particles comprising the sand.
This expression would merely indicate the minimum size of
90 per cent by weight of the sand. This does not give any
information about toe degree of variation in the sizes of the
particles or about the sizes of the largest and smallest grains.
It is found that considerable variation in individual grain
size adversely affects the efficiency of the filter.
~“Uniformity coefficient of sand is an expression of the
degree of variation. This may be defined as the ratio
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e. that will pass 60 per ceng by
¢ in other words. as the g, )‘dn |

.oarser than 60 per cent by Weiy |
whic UM
yarticle $17¢ f sand. Thus, if o
P tive size oL S I sang ha .
the effect! 4
the sand 10 A an

e. of 0.50 mm and 60 per cent of sang Passe,

> c bl/
elfbatiy ormity coefficient

ieve. the unlt

0.80 mm Sl
_080_; 60
0.50

Recently, with certain special sands. it is l‘mfnd g
expression per cent size 1S More suitable than effectjy,e 'y
Per cent size may be defined as the size of the grain tht by
the given per cent. by weight, of materials finer in sjze, O |
this basis, sands. 1, 10, 60 and 90 per cent sizes g,
specified (Table 8.3). Thus a per cent size of 10 means (hy
10 per cent of the sand is smaller than the grain size givep,

Table 8.3 Per Cent Size Distribution of Filter Sand Grains

Per cent Grain size, mm

Size Fine Medium Coarse

Min. | Max. | Min. | Max. | Min. | Max.

1 026 | 032 | 034 | 039 | 0.41 | 045
10 | 035|045 | 045 | 055 | 0.55 | 0.65
60 053075 068 | 091 | 0.83 | 1.08

0 1093 | 150 | 1.19 | 1.80 | 1.46 | 2.00 |
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and Grading of Sand Bed ; T} depth should be

pcp”’ from the point of vj ,
fficient I¢ 'ew of safe bacteria removal

4 for ensuring a uniform rate of filtration, The depth
a ; : '
rA,Cmmnended in use should lie between 60 cm. to 90 ¢m
: ;

04 inch to 36 inch).

For @ slow sand filter, the sand-bed is graded having top
jayer of fine sand underlying bottom layer of coarse sand.
The effective size usually lies between 0.25mm. and 0.35
qmm. and uniformity coefficient 2 to 3. For a rapid sand
flter. depth of sand-bed is about the same i.e., 60cm. to 75
om.. but it is uniformly graded throughout with coarse sand
naving effective size lying between 0.35 mm. and 0.5 mm.
and uniformity coefficient preferably not exceeding 1.8. The
uniform grading increases void spaces, makes bottom and
top of the filter bed equally effective, resulting in an
" increased rate of filtration.

| Filter Gravel: This has, strictly speaking, no function in the
actual purification of water. In a slow sand filter, it simply
supports the sand-bed whereas in a rapid sand filter, this
also serves to distribute the wash water evenly throughout
the sand. It is usually placed in five or six layers totalling 12
"10 18 inch or 30 to 45 cm. with the finest layer on top. The
gravel used should be hard, rounded and durable. |

. Filterability of Water : The ability of water to bfe fl'l.licred is
termed as its filterability. It 1S expressed quantitatively as

i ed at a
the volume of water per unit head loss when pass g
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arca of a standard fify., .

y a untt Thi. .

4
d rate throte 5y

sirndar |
1ed as filterd

also term

[he knowle h
' nte c

reating a raw water

ol index the

hility index.
 of the value of this index is very Usefy
dg(f - 7 i Vi ] Z l“
fore filtering since higher b, |
v _ vd Up
greater the volume of watcr that wil] . il ]
: . , lV
o cleanings of the filter. Obscrvationg of 4
hetwee > ¢
o e also useful in the control of , .
filterability index arc als : [ 1i“"lflll‘,
filtration device

Slow Sand Filter :
(. in depth, having @ sand-bed 24 1o 48 inch i

¢ in a treatment plant.
This consists of @ water tight tap), -

supported on a .
Laterats or Cross Drains : 6 fi. c/c

W} /7777772777272 LT LA 7777
' o FiterBed_| 1 (

From St
Tank o

|

Qutlet
Chamber

Inlet Chamber

e e e N S N

|

To Clear
Water
Reservoir

e — =t s
IS SLS LS LTSS LS LSS LSS S LS4

N

NS TSL ST ST IS SIS S,
Central Longitudinal Drain
Fig. 8.10 Plan of Slow Sand Filter

bed of gravel 9-12 inch thick laid in 5-6 layers, bencath
Whi,Ch the underdrainage system is laid over a concrete bed
sloping  towards g central longitudinal drain. The
underdrainage system consists of open-jointed drains of
bakc.d clay or concrete pipe in lengths of 12-15 inch with 4
Maximum spacing of Jaterals of 6ft. (Fig. 8.10)

L 3
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is then returned into service but the

~into supply for 24-

VVkathnﬂy

..ne The raw waler is |
qion: ; 15 led gently o r
n the filte
er bed.

underdrains

qto an outlet chamber (Fig. 8.10). The outlet chamber i
Jided with a regulating arrangement. consisting of |
y sisting ol a

ope! o d
1 H ] L ()WI H . ATOUETY
d puwhlllﬂb wards passes lhrnugh the

an

pro
wlcst‘ﬂl
e rate of filtration constant. It is also equipped with a los

)SS

1ic pipc and an zuliusluhlc wire x
; -plalc in order to kec
ceep

0|'|1cud gauge operated with a float arrangement 1o measure
(e 10ss of head i.c.. the difference in the water level in the
jlter and n the outlet chamber. The outlet is so arranged as
o prevent the possibility, of negative pressures and
esulting filter damage.

Cleaning of Filter-beds : For a freshly cleaned filter. the
loss of head is 4 inch 6 inch. After some use. the filter gets
clogged necessitating ah increase in the filtration head in
order to keep the rate of filtration constant. This goes on till
(he maximum permissible limit of 24-36 inch has becn
reached. The filter is now taken out of service. About 5-10

inch of the sand surface is care, fully scraped off. The filter
effluent is not turned

36 hours unless water is absolutely
y tests. The process of scraping of
lter is clogged is repcatéd till
y thinned down (0 prevent

e bed is topped up with

purified as determined b
sand surface every time the fi
the sand-bed has been sufficientl

efficient filtering. At this stage. th
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ginal level. Cleaning by ¢
R T

d once every 2 or 3 g
S

and to 118 or

ater IS of a

orovided raw

clean new S

- mally P :
will normally suitable character,

— e P Gravel
°§§',‘1¢°}',“,év‘,':?“f'§=;ﬁ;ﬁm’n) Cpen i Do
a-—a through filter showing dctails of Outlet Chambgy

Fig. 8.11 Scction

Characteristics : The essential characteristics of g slow
sand filter are (a) Rate of filtration is low-2 to 5 gal. per s, |

ft. per hour, (b) The bacterial efficiency i1s high-as much as
95-98 per cent. (c) Cleaning of sand 1s by scraping and
removal. Other secondary characteristics are (d) high first
cost and (e) unsuitability for waters having turbidity greater |
than 50 ppm. average turbidity being generally less than 50
ppm.. (f) not very effective in the removal of colloidal |

maltter.

Rapid Sand Filter ( Gravity Type )
Construction : It consists of an open water-tight tank 9-1-
It. deep of masonry or concrete with a concrete floor. haviné
coarse sand 30-36 inch thick laid on the top, with a laye! of |
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B * = ] .
Wed gravel 18 nch thick supporting below, The eravel i
: S T— “ - the gravel is
andertain by an underdrainage system Consisting of g cast
. . = [ 8 ‘; S
o central longitudinal conduit or 1y
|

ars

antfold with strainers

qounted on top and pipes of smaller diameter called laterals

pranch anifold. The laterals
gre fixed 6-8 inch centres and carry perfor

ing oft at right angles to the m

ations on sides

qnd bottom. about 5 to 8 ft. of water depth may be allowed

on the filter bed.

gssential Characteristics : The essential characteristics of
a rapid sand filter plant are (1) Careful pretreatment of the
water to be filtered, (2) High rate of filtration and (3)
Washing the filter beds by reversing the flow of the filtered

water :

The flow diagram of a water treatment plant based on the
principle of the rapid sand filter plant is shown in the Fig.
8.12

Sedimentation
;1:1 Coagulation Clean water resenvolr
]

Plain Sedimentation Tank

Filer Bed High Lift Pump
| Overhead water Tank

~ ;
Waste Water
l {Sawage)
{ [ O\ \mstnbu:m System
pump
wathwatertank  Chlorinator

Fig. 8.12 Diagrammatic Sketch (flow diagram) of a typical
water Supply System based on Rapid Sand Filter
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e following are the various units of a rapid sang i |

plant :

al Units (Structurcs) A

Princip .
ation basin or tank

|. Plain Sediment
Mixing and Flocculation Basins.

Coagulation-Scdimenlalion Basin
Filter Building
Filtered Water Basin
Overhead Wash Water Tank
7. Pump Building
Auxiliary Units:
. Raw-Water Intake Line

. Raw-Water Pump
Mechanical Mixing and Flocculation Devices

I

—

N

. Pipe Gallery

5. Wash Water Pump
6. Dirty Water Drain
7. Service pump

8. Service Main

Other Essential Equipments and Devices :

—_—

. Chemical Feeders

. Filter Operating Gallery
. Loss of Head Gauges

- Rate of Flow Controllers

. Chlorinators for Disinfection

[, T U S B ()
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cipd] parts of the Filter
r‘ .
(. Inlet Pipe

) Filter Bed with Sand and Grayel

+ washwater Troughs

:1_ Underdrain System

e Gallery

Settled Water Conduit (1o filters)

_Filtered Water Pipe (to filtered water basin )
Wash Water Pipes

Pip

‘el =2 —

4. Re-Wash Line (Filter to Waste)

5. Dirty Water Drain

6. Loss of Head Device

7. Rate of Flow Controllers

8. Appropriate Valves

The diagram of the rapid sand filter bed is shown in the Fig.
8.13.

The following is a brief description of the important parts of
the rapid sand filter :

Enclosure Tank : This is usually a rectangular water tight

box of reinforced cement concrete, generally 812" to

16'%24" in sizes.
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* Sy a
Fio. 8.13 Perspective View of a Rapid Sand I‘ilter Bed
‘ig. 8.

Filter Media : Coarse sand is usually used. The effectiye

size should be 0.45 mm or more . uniformity coefficient, 1.8
or lower depending on the underdrainage system. The depth
of sand varies between 24 to 48 inch. The coarse sand grains
give less surface area and much void which gives high rate
of filteration. Sometimes crushed anthracite coal, crushed
magnetite and garnet sands are used as filter media.
Filter Gravel : Gravel is placed between the sand and the
. underdrainage system (1) to prevent sand from entering the
underdrains and (2) to aid in uniform distribution of wash
- water_ The filter gravel usually 10 to 24 inch thick, also
Packed in the bed Th;n;l-l. The gravels shogle, I ?awﬁ.}”y
' 1g. 8.14 shows the asymmetrical
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mmelrica[ sequence

i [ S of ¢
and 5) grave] below

' > 4 sand bed
" the behaviour of fine . ed.
pecaust the beh: of fine grave] gng coarse sand in 4

U—uiﬁed bed is much the same The arr
st ; _

Uppoﬂiﬂg gravel is shown in (e i, i
5 . 8

qeans a3 stable as the design engineer may

angement of
(a) is hy no
vant it to be,

Introduced symme-

for (his reason. some engineers haye
cally from coarse 1o fine to coarse again. Af the same

frl
ravel interface. coarse sand slips into (he interstices of the
;PP“ half, but there is no harm in this, The supporting
gavel layer maintains itself no matter what (he rate of
wash-water rise is within reason,

Underdrainage Systems : Underdrainage systems of rapid
sand filters perform two primary functions : (1) they collect
the filtrate and send it on its may to a pure water reservoir,
and (2) they distribute wash water to the bed during
scouring operations. Because the rate of wash is many times
that of filtration, the hydraulics of underdrains is governed
by upflow requirements. If these are met, downflow
distribution  should be satisfactory. A secondary
responsibility of underdrainage systems is to withdraw and
waste chemical solutions added to filter beds from time to

lime, (1) to break-up, loosen and remove incrustants

“cumulated, on filter grains and (2) to break up mudballs

ormed and built up near the cleavage plane between

"pporting grains and filtering and expanding grains.
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t PLH of umludruinnuc systems are in Commy,
y

" —
s . (1) pips grids and (2) filter Mooy Se i
UI‘

bottoms.

Pipe Grids : I (heir simplest from. pipe prigs Comp,
ipe L ' 1

main. called a manifold and perforated laterals (Fig, g : {
5),

rilled into the
perforations are normally d laterals i, Ay

Sin
of orifices directed downward at angles of 450 -

'l\‘
raw

hc
side of the vertical. To protect them against C01F0\10n

grids are normally lined with cement or bitumingyg and g a
coated on the outside,

Filter Floors : Filter floors, also called false bOltom
false floors are intended to replace pipe grides and sepyq two
functions (1) support the filter bed, and (2) create a singlo
box-like waterway beneath the filter as the dispenser op |
washwater and the collector of filtered water (Fig. 8.16).
The floor, depending upon its thickness, is perforated by
short tubes or orifices of such dimension as to introdyee the
controlling loss of head that will make for even distribution
- of washwater. The openings must be relatively small and
closely spaced, and their jets must be broken up by
discharging from an effective nozzle or into a suitable depth

of gravel. In some designs, inverted square pyramids are
cast
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Fig. 8.14 Filter Beds

(Fig. 8.16¢c) into the false floor. Large and small spheres

within these geometric depressions force the rising jets to

spread out. In other designs, a checkerboard of porous plates
is supported on bolts or beams that are anchored to the true |
floor or bottom of the filter box. Channeled porous blocks
that create continuous waterways and are set directly on the
tue bottom may take the place of porous plates. Graded

Bravel is not required. The porous introduces the required

tontrolling loss of head. Necessary calcul
SUpported by model testing, because the hydraulic bala

ations are best

nce

1 the underdrainage systems is delicate and easily upset by

\ F'22
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of the porous plates and the f;

|t0rb
B = clo ]:I:mg
différential €10 o common clogging precipitates. Ot
. and lime @
[ron and < ofcr prcCIP”a“O" of coagulants ang SUSp ende
ol a
the result
matter. Thes¢ |
—"_F——._—_-—-_._— \
| I Manifold ~ _-Main i E
|+ Main ' g
v
Lateral 1l — 13
_ — i}
o EVI
“Space Under Gullet_ B
'E’[]"'J(a-) single Units
el =t
| o !
|3 !
-
@ ]
-
¢ =2
s
o %)
U

(b) Twinned Units

Fig. 8.15 Typical Arrangements of Perforated Pipe
Underdrains in Rapid Sand Filter

reach the false floor from poorly cleanned or otherwise
poorly operated beds. Slime growths are troublesome on
occasion. However, it is generally possible to restore the

porosity of clogged plates and blocks with acids or alkali
washes.

Wash Water Troughs : Wash Water troughs.serve ©

collect and carry to a main gutter the dirty water resultiné
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+ washing the filter. Troughs may be Square, V-shaped

Ol
I jicircular. They should be set

or 1 at such an elevation that

o sverflow lip will be at, or somewhat above, the top of
3 cand Tise : otherwise, sand may be washed out of the
ilier. A desirable height of the bottom of the trough above

(e 1Op of the sand during operation (No

1L N ] e ic.... lf... 'l.-. ..l---'no.-'I il B
T A LR A S SR N SR

% Channeled

ity Porous Black
YIRZ
)
v /// é \Pomus = e
% 77 Plate
o “ — Bolt
0 0 NI PO ,0 06

°0q .00 0 0 g

o RG220 %9004 (920700080 05900 oo
O oo 0o (00 e lspra 005
(b) Porous Plate Floor q

w

(a) Channeled Porous Black Floor

. . Gravel Layer " . .7 .
0,000 0'0,o®
0!p: ¢

0 .'o. z
* Filter Bottom B 7
5 /True FI_c_mr

o o I®) (@) O o 9] o ‘\
o O @) 0 d (@) o o @)

(c) Wheeler Bottom Plate Floor ~
Fig. 8.16 Various Types of Titer Floors
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P

D

-  Gullet
— (a)Single Unit

S e
— © e
-
U
— S—
— - —
(b) Double Unit

Fig. 8.17 Arrangement of Washwater Troughs

———
Raw Water
Inlet
T ——
—- 1 1
ater — | & |
- | |
== |
-.a.t .o.:.: E‘ E |
Reord K &
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Fig. 8.19 (a) Pressure Filter (Vertical Type)
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ing washing) is approxXimately one-half ;

i Y one-half the depth of the
pth of 28 inch, he
o troughs should clear the supg by

and. Thus. for a sand bed de :
S bottoms of
th

| about 14 inch, lat
pottom  troughs with  clearance above

. the sand less than
about one-halt the depth of the sand beg causc eddies during
washing. and sand boils and other operating problems may
result.
Troughs are spaced S to 7 ft apart. Thig spacing limits hori-
zontal water travel to 2.5 10 3.0 ft and the water surface
during washing is. therefore, maintained as nearly as
possible at a uniform level. In the Fig. 8.17 are shown the
various arrangements for wash-water troughs can be
computed only approximately. Because of the overflow over
both lips for the entire length of the trough, the surface of
flow in the trough is not level and flow is not normal. Sizes
have been standardized by manufacturers to correspond to
the size of filter and the rate of washing. The flat-bottom
rectangular troughs may be designed approximately by the
following formula suggested by Miller and Ellms :
Q=1.72 by 3/2
Where Q = total water received by the trough in gpm :
b= width of the trough in inches
y=depth of water at the supper and of the trough in inches.
An additional 2 inch of depth should be provided to allow

for freeboard.
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1at-hottor (rouph 18 10 receive gy
AL & 1 ' T} '."r 0 “ Vr"i{l . . (
DAY e filter which ] ¢ and g f e

Iy waler rate i 15 gpm per sq. 1 1E the vy, s

The witsh ' 1w ! T j :

I 'he depth of 10 inch at the " upper end of the royg)
; i 1],

hould be the dimensions of the rectangular troughy
/hat she ‘ _
o 0O Ox8% 13 720 gpm and v = 10 inch,

Solution ¢ "
W 990) |.727b#10

Q 1.72by
. b= 15inch (width)

Depth of the (rough=10+2~ 12 inch (2" frechoard)

Example 2 : A V-bottom trough (with sides vertical) js

receive the wash water from a section of a filter bed 6.5 f
wide and 8 {t long. The wash water rate is 15 gpm per sq. fi
Determine the dimensions of the trough. Assume the depth
of water in the trough as 12 inch (cffective).
Solution: Q = 6.5%x9 x 15=875 gpm

Q= 1.72by™* 875=1.72b (12)*"

- b=12 inch
If the V-bottom is a triangle with an elevation of inch it will
have an area equivalent to a rectangle whose depth is 1.5
inch. With 2 inch freeboard, total depth will be 12+(3-
[.5)+2=15.5 inch and the vertical sides will be 12.5 inch.
Washing Process : Washing consists of passing filtered
water upward through the bed at such a velocity that it
causes the sand bed to expand until its thickness is 30 to 30
Per cent greater than during operation. The sand grains

move through the rising wate

r, rub against each other and
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are cleaned of dirts (mud). A bed js usually washed when

he gauge provided for the purpose shows that the friction

head through the bed has reached 6 to ft or whatever amount

he operator deems the advisable limijt. The standard rate of
applicalion of wash waftr has been 15gpm per sq. fi. of
surface area. This will produce a wash water rise of 24 inch
permin. and a sand expansion 30 to 50 per cent with the
smaller effective sizes. The larger sizes recently used
require higher application rates although it appears that less
than 30 per cent expansion will be satisfactory. particularly
with surface wash. Some recent design engineers provide
for a 48 inch rise, which will result in expansions of 50 per
cent for sand of 0.55 mm effective size and 30 per cent for
sand of 0.65 mm size. Most popular rise rate are 27 or 30
inch with surface wash when sands have effective sizes of
0.50 mm or more. The amount of water required for
washing varies from 1 to 5 per cent of the total amount
filtered with 2 per cent as an average figure. The period
between washes will depend upon the character of the
water. At times beds only operate 72 hr. without clogging.
while at other times the run may be less than 24 hr.
Therefore, length of run varies between 12 to 72 hr.

Wash water at most plants is supplied by gravity from an
elevated shortage tank at the plant. The tank is placed to
give a head of 30 to 40 ft. above the wash water troughs

when the tank is full and holds enough water 10 wash two

i
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bout 5 min each. Laboratory ohscrvalinm
a .

" rol. . . A
filters t. of head is lost per [y depy,

d that approxinmtcly 0.1

showe il it e A T
a vertical rise of 12 inch pe; i

of gravel when washing at . ‘
and that the head loss is 1N direct proportion (o i

thicknesses and rise ratcs. The total loss of head during

washing will also include that in the underdrain system g,
in the piping system from the wash water tank to the filter
Actual washing requires 5 min. and the bed will remain o
of operation for 10 min for resettlement of the sand.

Example : A filter bed has sand depth of 2.5 fi. and grave]
depth of 1.5 ft. If is to be washed at the rate of 15 gpm pe;
sq. ft or a rise rate of 2.0ft. per min. It is assumed that the
specific gravity of sand is 2.65, its porosity is 40 per cent,
and all of its is lifted or supported by the rising water.

Calculate the total head loss in the filter bed.

Solution :

Head loss in the sand=(2.65-1.0)x(1-0.40)x2.5=2.48 fi.
Head loss in the gravel=0.1x2.0x1.5=0.3 ft.

Total head loss =2.48+0.3=2.78 ft.

Filter Effluent Box : The filtered water after being
collected in the central drain is led into a small effluent box
outside the filter unit tank. The water from the box nex!

flows into a common filter water channel and then (0
storage reservoir.,
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operﬂ‘i“g Difficulties : Rapid sand filters ape ot
. 0 a

- eriety of difficulties: negative head, cracking of the b l
| A ed,
rmation of mud balls. air binding. jetting and sand boils
and leakage 1to the underdrainage system ‘

_ . These
: peratiﬂg difficulties may become so great that the filier
media and supporting gravel may have to be removed every
o Of three years. cleaned. Declassed and replaced i;]
proper order. Troubles of this kind usually result from poor
plant design and operation, particularly inadequate or
disruptive backwashing.

Badly clogged filters can be restored to usefulness (1) by
gjecting the sand and cleaning it in a sand washer, (2) by
agitating the expanded bed by hand with the help of long-
iimed rakes (3) by directing boss streams into the expanded
bed, and (4) by adding a detergent such as a 2 to 5%
solution of caustic soda, draining it off through the filter to-

waste connection, and washing the bed clean.

Negative Head and Air Binding : Negative head at any

" point in a filter is equal to the intensity of vacuum at that

point and is usually a maximum at the point where the layer
enters the under drainage system- When a filter is clean.

there is some slight loss of head, say about 0.5 to 1 ft. in the
ains. AS clogging occurs, the
mostly however, in the top

the loss in the top layers

sand, gravel and underdr
k& ﬁ_‘lction losses increase greatly.
lew inches of the filter sand. When
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; ) "
preater (han the head of water above (he and ”'“
»eomes gre
bec jor below acts a8 & draft tube and 4 |, i
ate

column ol Wi e
This condition is known as nepative ey

vacuum results. |
air 1o escape from 5ol -
and. when eXCessive allows i | i )

lodge in the sand. This s known g air

the waltcer and

binding and it may interferc
at the beginning ol the backwagp, |

considerably with filtratioy

Also. a mass ol air may,
escape before the whole surface ol the sand is broken, p;,
will allow high local velocity of the wash water ang May
displace the gravel. The Fig. 8.18 shows a practical cxample
how the phenomenon of negative head occurs. The poing 4
is 111 below the water level of the filter and that the (ol
loss of head is 9 fi. The three tubes with their water levels gt
A. B and C show the pressure heads at the water level at b, |
which is 0.5 ft below the sand surface and at a. which is in
'the effluent respectively. With the total fictional head loss
of 9 fi. it is reasonable to assume that 8.5 ft. loss occurs in
the top 0.5 ft. of sand. By applying Bernoulli's equation |
between c and b, with datum at a, by equating pressure head
and potential head at b plus friction, head to the total head |
(neglecting  velocity head) the following equation is |
obtained in which Py is the pressure'in pounds per square |
ifich at b, and w is the weight of a column of water 1 ft high
and | sq inch in cross-section. At b therefore, there 15 @
partial vacuum o negative head of 3.5 fi.
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The USe of negative head has the advantages, in g

. : esign. in
rmitting shallow filter boxes anqd. g

i = | N operation. of
Pcrmmmg longer 1ilter runs, provided ng other difficulties

ariSB- ]
T _' _____
P
~ =(11-5)485=11
P
9'-00" - =-3.5ft
.

A1)
7

Fig. 8.18 Negative Head Phenomenon

Mud Balls : Mud balls consist of grains of sand. and of
material carried over from the coagulating basin. Because of
their lighter specific gravity, balls are found most densely

collected at or near the top of the filter: but when of specific

gravity equal to or heavier than that of the sand, they may

be distributed throughout the sand and,
nd velocities of the w

g unevenness in the rise of wash
of the filter wash.

ommonly found

in some cases,

» . ash water are
where the rising swirls a

least violent., thus inducin
Water and aggravating the inequality
Large caked lumps of sand are more €
altached to the gravel or to the side walls of the filter.
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i — of mud ball Tormation jg i”"'lll'li .
tha . " 3

. LefiNE , -
[t is belie sand which permits gel

: " the Al
ient washimng of the . S 1l ; oy ¢
Ll o adhere (0 (he surlace ol the sand prain e

atenal o« o e v Taes _
malteri in fine sands. less than () -

ed parlialiarly

¥ 3 de notic
effect 18 NO " : . i
. aggravated by the  presence of §

indiameter: and |

[ & A\l o M ar - o= | ;

icroorganisms manganese and other substances pregen 8

microu SIS, .
water.

Methods of removing mud balls in the filter after they fyy,
formed include (1) dipping them ofl" the surface iy, ‘.
strainers while wash watcr it running through the filier o,
2) breaking them up with rakes and subscequenily

slow rate: (
off the particles (3) washing the sand in place to break up ._
the mud balls with high velocity surface wash; (4) washing
the filter with a soluiion of some chemicals such as caustic
soda for alum deposits and organic material, sulpher dioxide
for dissolving iron, manganese and alum, hydrochloric acid
or carbonic acid for calcium carbonate deposits' chlorine for
biological growths, copper sulphate for algae, etc and (5)

removing, clcarning and replacing the sand.

Cracking of Filter : Because the resistance to flow is least |
along the walls of a filter. less head is lost there and |
resulting pressure differentials within the bed cstablish
inward as well as downward flows: filter grains are pushed
away from walls; water short-circuits through insulating

,\,h['i ¢ Y o =X . . . vy
nkage cracks and fills witlh dirty matter which penetral¢
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" e 20703 - .
_-5.:"3?{} into the bed. even nto the 2riavel
Glger EMPAITES both the Washing of

Fciency of filtration. This phe

I he Cracking of
iher and’ the
nomenon iy remedie

. ' d by the
e mEIhOdS. as lhc lﬁrmﬁtlﬂﬂ Of rmiud hH”‘ .

’ i"é Overcome,
Jating and Sand Boils: Fyen g0 difference in
orosity and permeability of sand and aravel ¢
ﬁf'”‘:h of backwash water to flow

8

ause the first
paths of least resistance and
wrezk through to the surface at seattered points, Within the
zame of flow, the clogged and compressed sand 1y fluidized,
back pressure is reduced, flow is increased, and water is
jated from the gravel into the sand, If jetting becomes
severe, the sand boils up like quicksand, and gravel as well
25 sand is ifted 1o the surface, If, in defence against these
rappenings. backwash valves are opened slowly, the bed is
given an opportunity 1o digintegrate from the surface
downward, Surface wash is sometimes helpful to remove

these difficultics,

Sand  |eakage Sometimes, sand leaks into  the
nd sand are not

underdrainage systems il pravel layers a
| particles are

properly sized and placed and if smallest grave
displaced during backwashing.

Loss of Head in Filter Operation

F . . | . - 2 -n,
fesistance (o the passage Ol water through the llll:bl‘l 1
quses a Joss of head

media and the under drainage sys1ems ¢

The frictional )
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¢ operation of the filter. The loss of head is equy] N

between
vation of the hydraulic grade line 4 il

i th
vertical distance
filter and the ele

filter outlet. This el
e effluent PIP" and observing the Waley !

metric tube. The loss of head immediae

the surface of the water g N
1

evation can be determined by plﬂcing .1'-
C

piczometer in th

level in the piezo o]
after washing should not be more than 4 to 6 inch The

aximum permissible head 10ss is 8 to 10 ft.
Operation of a Rapid Sand Filter Plant : The operation of
a rapid sand filter plant for a municipal water supply
demands careful consideration of the following : |
(1) Careful pretreatment of the raw water.

(2) Routine observations that should be recorded in the
control of operation of the filter plant may include (a) the |
quantity of water treated daily, (b) length of run of each
filter between washing (c) percentage of wash water used |
for each filter, (d) quantity of chemicals used and rates of |
application for all purposes, (e) alkalinity, turbidity, colour,
temperature and solid contents in the raw, settled, filtered
and chlorinated water, and (f) presumptive tests for
coliforms in the raw, settled, filtered and chlorinated water.
F3) Conditions that must be guarded against in the operation
mclu(?e (a; formation of mud balls, (b) occurrence of
hegative head and air binding, (c) cracking of filters, (d)
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o and sand boils. () sand |¢ak

portening of filter run.
g

gn of Rapid Sand Filter Plan¢ :

| iclli“ age, (f) l)vcrlnu(ling, (1)
pesi
filters ) pends on the incoming
water quality, filter type. process and hydraulic loading,
method and intensity of cleaning, nature, sjze

_ ['he dimensioning of
and their appuartenances de

. and depth of
ltering materials and the desired quality of filtered water.

performance objectives to be reconciled in the design are
erminal head loss, standards of effluent quality (for
instance, turbidity) and length of filter run.

Finally. the design demands excercise of judgement based
of an investigation of local conditions and features of (be
plant layout which include (a) economy in construction and
operation, (b) future extensions, (c) soil conditions.
foundations and structural problems, (d) flexibility in
operation, (e) compact'ness and convenience to minimise
materials required, minimise head losses and simplify
operation, (f) utilization of topography to minimise excava-
tion and backfilling, and to make proper use of gravity in
operation.

The size of the filter is determined from the required
capacity of the plant. The number of units is generally
determined by the following empirical equation.

o N=2700

" which N is the number of units and Q is the plant

- “4pacity in mgd.
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. A rapid sand filterplant is to be designeq ¢

Example 1 or g |
P 1od. What should be the number and gj, i
ad.

capacity of 6 n i
e filter units? What should be the percentage of fillereg |

th
ash the filter beds? What shoy]q be the |

water required to W
capacity of wash water tank?
Assume: (1) Rate of filtration : 2 gprn per sq. ft.

(2) Rate of washing : 15 gpm per sq. fi,
(3) Length of filter run : 24 hrs including 5 min
for washing the filter bed and 10 min for

resettlement of sands.

Solution :
(a) The plant will operate only 23 hr and 45 min.

Filtration rate = 2x60x23.75=2850 gallons per day
per sq ft.

Filter area required = (6,000,000/2,850)=2.100 sq ft.

No. of units. N=2.7./0 =2.7/6 =7

Area of each units =2100/7 = 300 sq ft.

Size of each unit = 20' x 15'

(b) Total wash water required=15x2100x5= 157,500

gallons per day

Percentage of filtereq water required
=(157,500/6,000,000) x100 =2.625%

(c) Capacity of Wash water tank-1,57,500 gallons.
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2 : A filter bed has ap

ample a of
pxamp Q0360 sq i, I (he

" AT “; 1 2 2 ) . N
Lashing for 5 min at the rage of 24 inch per mi
\ : T omin s
mmemlﬂﬂ“-d~ how much wash water wj be required?

olution * 24 inch rise of water is atgineg by applying 1|

. e JIE the

(ash water at the rate of 15 gpm Per sq ft of filter area
) drea.

wash water requirement-15 x 3()0><5:;37_000 gallons

gxample 3 ¢ A rapid sand filter Operating at 2 gpm per sq fi
nceds washing after 24 hr of operation. The fi
qrea of 350 sq ft and it needs w

Iter has an
ashing at the rate of 15 gpm
per 54 ft for 5 min. The time required for resettlement of
sand is 10 minutes.

What per cent of the water that is filtered will be required
for wash water.

Solution : Filtration rate = 2x60 x23.75=2.850 gpd ped sq
ft. Capacity of the plant=2,850x350=997,5000 gpd. Wash
water requirement=15x5x350=26,250 gpd percent of
filtered water for washing the filter=(26,250/997,500) x
100=2.63

Efficiency of Rapid Sand Filter: With proper pretreatment
of the water, rapid sand fi":rs are applicable for treatment
of any surface water. Rapid sand filters are very efficient in
removing bacteria, colour, odour, turbidity, iron and
manganese. The following are the percentage removal of the

above mentioned water quality.

F23
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percentage Remova]

Water Quality b 8510 95
Bacteria 80 10 95
Turbidity 75 to 90
Colour 70 to 90
Odour 60 to 85

Iron and mangancsc | ‘
pressure Filters : Filter is essentially a rapid sand fije,

contained in an air tight container and through which wae,
L
passes under pressure. The Fig.8.19 shows the section of

typical pressure filters. The sand bed is usually 18 to 24
+1ch thick with effective size and uniformly coefficients of
the sand following those of the gravity rapid band filter,
Gravel layers follow the same practice as in gravity rapid
sand filters and the underdrams are either pipe grids or false
bottoms. Washing is accomplished through reversing the

flow by manipulating valves in the piping.

-

1

Raw wate
Inlet

Coagualants
Entrance

Filtered water
Outlet
Fig. 8.19 (b) Pressure Filter (Horizontal Type)
A loss of head gauge indicates when washing is needed.
Both vertical and hrizontal units are 6 to 12 ft. in diameters
-and 8 10 20 ft long pressure filters are used principally for
SW
imming pools, industries and for small installations for

bublic water supply. The principal objection to their use for

.
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aublic water supplics is the difficulty i Providing ad

. . = > ddequat

spacc for coagulation and sedimentation The e
' water is

@;i"c"”""ly a small does of coagulant before i reqe, h
€s the

filter: It is howe\.!e.r + Impractical 10 use a pressure filt
where the water is highly turbid. Rateé— of Operatil::mlfzr
pressure filters depend on the quality of water being ﬁ]leredr
filtration raEcs gen'erallty range from 2 {0 5 gpm per s o Btk
filter arca. The swimming pool rate is usually 3 gpm per sq
ft.
gxample : A pressure filter operates at the rate of 2.5 gpm
per sq fL. I the diameter is 12 ft. how much water will be
filtered during an 8 hr shift?

Solution: Surface area of the filter ={n(12,%/4}=113sqft.
Amount of water filtered = 2.5x113x 60x8
= 132,600 gallons.

86 Disinfection of water : The production of water of
satisfactory quality is often dependent upon the elimination
or destruction of two groups of living organisms: (1) the
pathogenic microorganisms which may infect man through
his use of polluted water and (2) the algae and other aquatic

growths which may render water aesthetically unfit for
of disinfecting water -

human consumption. The purpose
d thus prevent the

supplies is to kill pathogenic organums an
spread of water-borne diseases. Most patfiogenic bacteria

; 1 ed or
and many other harmful microorganisms are destroyed 0

removed from water in varying degrees by most of the
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ment  processes: The destructjgy, s
)

{ about 1N several ways : (1) Physi |
gulalion. sedimentation and fj

i {
convenuonal tred

oval is brough
oval through €02

rem

rem s .
anisms in an unfay
of the org nfa‘OUrab]Q |

(2) natural die-awa}

onment during storage : and (3) destruction by

envir |
for treatment purposes other . |

chem

disinfection. ' . |
Although the number of microorganisms in polluted watey, |

is reduced by treatment processes and natural purificatjo, |
the term disinfection 18 used in practice to describe |
processes that have as their sole objective of |

icals introduced

treatment
killing the pathogenic organisms.  Strictly  defineq. |

disinfection is the destruction of all pathogenic organisms |
while sterilization is the total destruction and removal of g] |
microorganisms. These two terms are similar but quite
different. Disinfection is usually brought about by heating
ultraviolet irradiation, chlorination, radioactive substances |
and the like. These methods (except chlorination) and |
materials can be used to sterilize water, but it is usually |

impractical to do so from an economic point of view. |

Disinfection by bleaching powder is for more practical.
Bleaching powder contains about 33% chlorine when fresh. '
Chlorine has an immediate and disastrous effect on most
forms of organisms and is an ideal disinfectant. When

chlorine i !
fi n-e 's added to water, it reacts according t0 ¥
ollowing equation,
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ok Hi — HOCI +HC
water  Hypochlorous  Hydrochior
acid aid oric

Water Supply

clﬂf'“

he h}’pochlorous acid, HOCl is very unstable and ioni
d gsociates into hydrogen ions (H' ) and hypochlorite e
C IOI"IS

()Cl) in another reversible equation of the following
g

nature.
HoCl = H' + ocCr
Hypochlorous acid  Hydrogenions  Hypochlorite ions

 is the hypochlorous acid and hypochlorite ions which

acCOmpliS

water as
molecular chlorine is defined as free available chlorine

. 3 .
[f ammonia (NH’) is present in water, other compounds
formed are monochloramine  (NH;Cl), dichloramine

(NHC1,) and nitrogen trichloride (NCl3) according to the

h the task of disinfection. The chlorine existing in

hypochlorous acid, hypochlorite ions and

following reaction.
NH; + HOC1 —» H,O+ NH,C1

NH,C1 + HOCl > H,0 + NHC1;,
NHC1, + HOC1— H,0+ NCl3

The chlorine present in water in ch
ous compoun

emical combination with

ammonia or other nitrogen ds is known as the

combined available chlorine.
These resulting chlorine compout

free or combined available chlori
thzymes in tie bacterial cell-wall forming 2

nds either in the form of

ne interfere with certain
toxic chloro-
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oying the bacteria completely, Ty . :

d theory explaining the action,

compouhd thus dest!

the generally acceplte
Another theory descrl

bes the destruction of bacteria the |
{ oxygen (HOCI—->HCI+0') which
This theory is considered (o b, =
on the grqunds that the quantity o
s too less.for the purpose. |
disinfectant is principally depey. | )
ontact and the concentration of "

izes the organisms-
quate and obsolete

inade
nt oxygen produced i

nasce
The effect of chlorine as @

dent upon the period of ¢
chlorine in water. The killing power of power to disinfect i

regarded proporlional to the product of contact period and |

the chlorine concemration. Besides, the pH value of water, |

the water temperature and the presence of residual chlorine

in the form of free available or combined available chlorine |
have a definite effect on the €

it is found that in the pH range 0
lable chlorine can be effective with ;

_22°C. Disinfection proceeds |
[ve above |

ffectiveness of chlorine. Thus,
£ 7.0-9.5. a minimum of |

0.05 mg/L, free avai

water {emperature between 5
temperature and with pH va
effective in |
£10-20 |

very slowly at lower
5. Also whereas free available chlorine is
concentration of 0.05 mg/L for a contact period 0
minutes, the combined available  chlorine.
comparatively effective within the same reacli'on' Pffl"mL
requires a higher concentration upto about 1.8 mg/l. ;
This shows that the combined available chlorin¢ is 1ol

generally as effective as free available chlorine.
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(est residual chlorine in w

ater, 1 m| of
P S added to 100 ml of t UnthISidine

jon 1 he sample. If.
golﬂl‘[S the sample contains a Chloﬁn: ffa Yellow coloy,
esull>: residual, The 4

" - c
the yellow: the greater the residual. If chloramij i
. INes gre

__ed. the orthotolidine test will then shoy, 4 i
ual and

fo | |
. js the combined available residual. If additiona] chjq;;
Orine

S addﬁde not only are the other compounds oxj T~

; .y ' €
loramines also. The orthotolidine residual will then g,

. . W

the hypochlorous acid, lypochlorite ions, and molecy]g

I

Hlorine if any and this is known as the free avajlabje

chlorin€ residual

Chlorineé Demand : The chlorine demand of a water is the
jifference between the amount of chlorine added and the

qmount Of cholorine present as a residual either free or

combined, after some designated period.

In the application of chlorine to water certain
e should be understood.
2!/, times heavier than

Application :
important characteristics of chlorin

Chlorine is a greenish yellow gas,
quefies. The liquid chlorine

hich can be transported. At
aintain the liquid form is

air. When compressed, the gas li
can be stored in steel cylinders W
21°C, the pressure required to m
76 kg.fem®.

The pressure inside the cylinder h

temperature,. When liquid chlori

owever increases with-the
ne IS drawn from the
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to gas and temperature INsiq, |
h \ I]u

linder, it changes in
be applied_ by ; ‘
0y any e

' Cy
Chlorine may

cylinder path.
following methods.

(1) As dry chlorine £as
cylinder, it is applied directly to the water supply througy,
submerged diffusers. This method is unsatisfactory becyyq,
of improper diffusion and resulting corrosion in pipes,

(2) As chlorine solution. as in a solution feed calorimatgy.
chlorine gas with a small quantity of

drawn from the liquied chlor;
Ne

formed by mixing
water. The chlorine solution is applied to the water supply
by means of a water injector through a discharge linc. This
method is very commonly used in works practice.

(3) In powder form as hypochlorites, bleaching powder
Ca(OCl) or sodium bypochlorite (NaOCl). The available
chlorine varies from 25 to 33 percent for bleaching powder
to 70 percent high strength hypochlorites. Bleaching powder

is not as stable as high strength hypochlorites. It also loses

strength of long storage or exposure.
Hypochlorites are applied to water as a solution by means of

hypochlorite-feeding apparatus. This may comprise of 2
constant-head orifice feeder or diaphragm pumps equipped

so as to deliver the desired amount of solution of specified
ained

strength. This constant head in the former case is maint
by a wooden float at the orifice which may be large enough
to prevent clogging. In general, equipment used for
chlorination must be reliable and capable of operation
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ithin narrow limits of aceuracy. To Jiye chlorine js

ective, 100 much  may Cause tastes ang odo
. urs.

meﬂ ¢ shion
.ation of chlorinator sho s ;
operatio uld be automatic so that (he

mount of chlorine fed to water should be proportional to

e volume of flow and the chlorjpe demand of water.
chlorine Dosage : The amount of chlor'ine required to be
xdded to the water supply can pe determined in the
jaboratory by adding varying dosages of chlorine 1o equal
proportions of the waste? sample and finding the amount of
residual after a contact period of 10-20 minutes.

Example : It is required to disinfect 5,00,000 gpd of water
with 0.3 mg/l of chlorine. If bleaching powder is used
(which coatains. 33'/3 percent of available chlorine), how
many pounds of bleaching powder are needed to treat the
daily flow of water ?

Solution : Available chlorine in the bleaching powder is
3% |

“11b of chlorine is available in 3 Ibs of bleaching powder.
Since 1 mg/1 of chlorine = 8.34 Ibs of chlorine per million
llons of water.

* Amount of bleaching powder required per million gallon
“3%8.34=25.02 [bs.

| " Amount of bleaching powder required for a flow of
00,000 gpd and a chlorine dosage of 0.3 mg/l.
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500.000_ 0.3 =3.75 Ibs

:25.02><W

hlorin¢ Residuals for drinking water 4 i

W 6-7 7.8 8-() _(\w

pHVa]\'L’ il 9‘10 :
: ¥ 4 S b

e el 02 | 02 | o3 [

T ave

after 10 mins ' — e K

Combined qvailable chlorine.| 1.0 ]__3 1.5 ™l

Special Methods : Chlorine is generally applied afie il
other treatments have been given to the water supply. This
may be termed as post chlorination and is the standard'
ireatment at all waterworks. There are, however, gfhg!
special methods of chlorination to be used depending upg .
the particular purposes to be gained.
(a) Pre-chlorination is the application of chlorine preceding
filtration, either added into the suction pipes of raw water|
pumps or to the water as it enters the mixing basin. Pre-|
chlorination reduces bacterial load filters resulting in
increased filter runs, and oxidizes excessive organic matter
thus removing taste and odour.
(b) Double chlorination is the application of chlorine at "0
points in the treatment process. It is essentially P
chlorination with an added treatment to the final e_fﬂ“fm‘
from the filters, Advantages claimed with this method of ;f
chlorination are (i) decrease in the load on filters, (il greale .
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It is observed that when
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rcmmfal of bacteria higher bacqeyiy ¢
factor of safety due 1o maingep
Jants and (V) control of glgqe and
]L-o:lgulzlting basins and filter,

rﬁCiany (-..

Slimy  prowths in

(c) super chlorination s the application {g

. illcl' 01‘ an
exCeSS amount of chlorine. The dose may

] i vary from less
han | ppm 10 2 ppm. The method js effective in destroying

high concentrations of tastes and odours in water
emoval is also high. However,

Bacteria

r It becomes necessary to

move resulting tastes due to excess chlorine by the use of
de-chlorinating agents like activated carbon. sodium
thiosulphate etc.

(d) Break point chlorination also termed free residual chlo-

" rnation involves the addition of sufficient chlorine so as to

oxidize all the organic matter, reducing substances and free
ammonia in raw water leaving behind mainly free available

chlorine which possesses strong disinfecting action against

pathogens. . |
the dosage of applied chlorine to

organic matter 1s gradually

water high in ammonia or
ed by the appearance of

increased, the reactions are mark

following four zones (Fig. 8.20)-
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Residual chlorine, mg/\

Zone -1

Zone -2

Zone-3

Zone

water Supply

No Demand Line

Free Residual
Chlorine

Break point

. Applied Chlorine, mg/l

Applied Chlorine, mg/l

Fig. 8.20 Break point chlorination.

Destruction of chlorine by reducing compounds.

Formation of chloro-organic compounds and

chloramines.
Destruction of chloro-organic compounds and

chloramine.

Zone - 4 Formation of free available chlorine.
The addition of chlorine at the break (or dip) is termed

break point chlorination. This indicates the point at which

free residuals begin to appear. Usually, all tastes. odour?

chlorinous and others disappear at this point resulting If

appearance of waters free from bad tastes and odour
Further. because of the high]y persislcn[ and p(‘)\\'cﬂ‘lll

disinfection possessed by free available chlorine. any ¥
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o pathoge“'c Organisms present in. water is deg
.- = - . . .S r( =
aking disinfection highly efficient. *e

Other Methods of Disinfection:

(1) Ozomization : The effectiveness of 0zone in the
disinfection of “-'ater lies in its high oxidizing power. Ozope
is an unstable 11.5010136 of oxygen containing 3 atoms of
oxygen (O3). which while changing to the stabje molecular
form (02). releases nasent oxygen (0Q). The nascent oxygen
reduce organic matter present in water without the
production of objectionable tastes and odours as with
chlorine. The ozone dose is 2 to 3 ppm. to give a trace to 0.1
ppm residual after 10 minutes contact.

Ozonization is regarded as a "natural" means of disinfecting
water and is particularly useful in disinfecting waters
containing bacterial spores. It is, however. costly to
manufacture. has very little residuals present and is not quite
suitable for highly turbid waters.

(2) Ultra-violet Rays : Ultra-violet Rays is an effective
method for disinfecting of clear water. Use is made of the
invisible light rays beyond the violet of spectrum which are
very powerful in, killing all types of bacteria. casts and

spores, The rays are generated by passing electric current

through mercury-vapour lamp enclosed. in a quartz bulb.

ion i . Th
Water requiring disinfection 1S pasted over the lamp. 1he
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tration of (he rays in water 1s only fat o depy),
cllc

s the advantages of causing no tase,

] . "3‘5 ha .
he proces : y danger of
1 d presenting no danger of overgy,,

odour the water an
The disadvantages are |

on. Its use is restricte

1igh cost and absence of any regiqy,,,

d normally to small installagjg),,
acti |

like swimming pools.

(3) Excess Lime : Excess lime involves the application of
sufficient lime for the combined objectives of softening ang
disinfecting of water. Coliform reduction may be as high g
99 percent. Dose to be given is between 10 and 20 ppm,
frequently becomes necessary (0 remove the excess lime

after the process through recarbonation.

(4) Silver : When immersed in water 'actuated’ si‘iver has
been observed to exert an inhabiting action on bacterial life.
Tubes of silver electrodes contained in hollow cylinders,
allowing water to flow from outside to inside, are energized.
Dosage is 0.05 to 0.10 ppm, and the period of contact about
3 hours. The process is called Electro-Katadyn Process. It is
claimed that this process is effective in destroying the
. bacterial spores and algae present in comparatively clear

waters. The method, however, has not so far been used on a
large scale because of high cost.
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. [odin€ and Bromine : Jodine anq brom;
5 _ ; _

pfeting pOWer: THeir use is normgyy
|

water supplies such as army Camps and SWimming pools
ater which is muddy or coloured neegs :
el disinfection.

Ne also possess
stricted to small

i to be filtered
odine and  bromine 4pe cheaply

ﬁ\railable in the form of pellets, Dosage is about §-1 ppm
For heavily polluted water, - it may be doubled. Only
hiection is the resulting medicinal taste,

(6) Potassium Permanganate : Potassium permanganate
has been frequently used in individual water supply for
gisinfection. Its action is principally based on its oxidizing
‘capacity on organic matter. Dosage is 0.5 gram per litre.
Though effective against cho]er'a vibrio, it has not been
found to be effective against other disease germs. It also
produces coating on _glass or porcelain vessels which is

difficult to be easily cleared without scouring. Potassium

permanganate 1S . neither regarded satisfactory — nor

recommended for water disinfection.

87 Aeration :
This is the process of bringing W .
with air with the object of driving - out ¢ S
diSSOI\;’ed gases and oxidizing other soluble comp

: waters of pools
present in the ground waters OF I stagnant

aters Into intimate contact
ut objcetionable

and reservoirs.
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fiected in many ways (1) by causing the wag
L ('r

Aeration 12 € ) |
: aterfalls called Cascade |
cirs and waterf: Cascade ACTat{y |

to flow over W
(i) by dropping W
cing it throught pray
ed trays. coke beds. and (v) through special gy,
e air by diffusion porous plate. The Spra-‘.

ffective acrator. Acration is effective i,

ater through perforated plates, (i 4

z7les. (iv) by filteri )
for nozzles. (1v) by filtering lhmug}:

perforat
which aspirat

nozzle is the most €

removing 75 percent of the odours. Removal of carhon

dioxide is equally high.

8.8 Taste and Odour Control :
Tastes and odours in water supplies may be caused due i 5
the presence in water of any of the following :
(i) Decaying organic matter resulting from algae and othc
micro-organisms, (ii) industrial wastes such as phenols. (iii}
chlorophenol compounds resulting from combination of
residual chlorime with phenol, (iv) dissolved gases like
H,S. COs. (v) excess amount of chlorine. "
Methods for the control of tastes and odours. therelor

amount to treating the aforesaid causes of trouble and mag

be listed a below :

(a) Copper sulphate treatment, (b) Ammonia-chlorine PT :f."

cess. (¢) Use of activated carbon. (d) Use of Chl“fi”.

dioxide. (e) Aeration. (f)  Prechlorination

Superchlorination followed by dechlorination and |
Ozonization.
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(ethot
whe dealt with,
"
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. (¢) 1o (1) have alreadv ke _
Is (¢) y been (|t:.‘~illl'|ht.‘t|. others shall
O Sl

copper Sulphate Treatment is chje

phat fly used for the control
¢ algae which is destroyed Within
o1 ¢

a few d
Jtment copper sulphate is applied in

than about 3 ppm. An excessiy

ays following
; asingle dose usually
use

¢ dose often resylys in

other micro-organisms
presen! in water. Copper sulphate is gener

ally applied by
dragging jacks of cryst

als through water wigh the help of
hoats or by the spraying action produced by dropping
pulverized crystals on rotating discs mounted in a boat.

Copper sulphate is also effective in killing many types of
aquatic weeds.

Ammonia Chlorine Process consists of applying ammonia
with chlorine which results in the formation of chloramines.
The compounds have the effect of prolonging the
isinfecting action of chlorine. As a reult of this extended
iclion, quantity of chlorine used is reduced. This process is

also helpful in removing chloro-phenol tastes. As the

. chloramines do not react with the organic matter, full effect

ofchlorine as a disinfectant may be utilized in. the presence

o Organic matter. In the application of this process..

iMmonjg i added first, thoroughly mixed with water before

F.24
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. roduced Usual ratio of ammonia to chloyjy,, i
ine-is intre ' ‘
chlorine-1s 1

] 2.

i is probably the mos important me(y

. b {
ivated Carb , . _
A odour. Activated carbon is obiyjy,

d
ous material like lignite, sawy,

for the control of tasle
by heating carbonace o gl oy
paper mill waste ¢{C- in closed lLlOIIbl anc ‘nn activating,
by passing air or stcam for the removal ol hydrocarboy
otherwise-interfere with the adsorption qf
ted carbon is very porous and has (he

y of the dissolved impurities ip

which may
organic matter. Activa
property of removing man

water. H,S, iron and mangancsc through the adsorptive
action of carbon atoms. It also acts as a dechlorinating agen

to remove phenolic tastes and colour.
Activated carbon is available both in the granular as well as-

powered from. The letter form is most commonly used.
Dosage: varies 2 to 20 ppm.
Chlorine Dioxide is produced by injecting a solution of
sodiums chloride into a chlorine solution as it leaves the
chlorinator. The: resulting reaction is :
2NaClO, + Cl, = 2NaCl + 2C10,,

(Chlorine dioxide)

The chlorine dioxide produced is a powerful oxidizing agent |

and is quite effective in the removal of tastes aad odouts |

caused by phenols and other algal growth. The “dose |
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ruqllimd for cflective taste and odour control varies, a5 0.5

1012 ppE-

49, Iron mod Manganese Remoyg] .

) f _ Iron is present in
water either as Ierrous bicarbonate or

ferrous sulphate,

ron present. Iron
ond manganese when present in amounis greater than 0.3

. AT objectional because of (1) unpleasant taste and

odour due to decay crenothrix organism present in iron

Vanganese is often associated witp, the i

-rich
water (i) colouring of water, standing paper, fabrics
producing rust spots and (iii) deposits of iron precipitations
in pipes. |
Methods for the removal of iron and manganese are based
on converting the soluble ferrous and manganese
compounds to the insoluble ferric and magnetic compounds
and removing the precipitates so formed.

(a) Aeration is an effective method in precipitating out iron
when present as ferrous bicarbonate and subsequent
removal through the processes at sedimentation and
filtration. If, however, iron is present as ferrous sulphate, it

would be necessary to add lime.
(b) Base Exchange Process : The principle involved in the

process is discussed in Art. 8.10.

The zeolite bed is made of manganese zeolite obtained by

' ' i ' Janese
Ueating the base exchange material Wwith mangz

SUphate and potassium permanganate. The iron and
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¢ raw water are oxidized to insoluble h"dfitte(
r ¢ .

removed by filtration.

I

nmng;mcsc 0 ;

later
15 used for
w water would not have been

ides and |
. regeneralion process. |y .
pcrmzmgunatc )
cessary that the T .
ring the bas¢ exchanger otherwise the gy,

".lcrilh_-
ne d

ady

prior 10 ente '
mese may clog the zeolite beg

d iron and mangs

precipitate . -
alone or in combination, jy,

(¢) Chlorination either
acration also sometimes employed.

Water Softening Processes Hardness or the soap
destroying power of water has already been discussed i,
chapter 7. We have also scen the causes of hardness and {he
deleterious effects produced. We shall now discuss methods
used for softening of water. There are three general methods
used for water-softening, (i) Lime process (i1) Lime and
soda ash process and (ili) Base-Exchange Process. The
broad difference between the first two methods and the last
method lies in that whereas we remove the hardness
compounds in the former case, we only change the
compounds in the latter ¢ase. The result is that the total
solids or impurities are reduced in the first two methods but
arc not reduced in the last methods.

Lime Process reduces only the carbonate hardness. The
principle involved is to neutralize the CO, with milk of lime
i.e. Ca (OH),, forming normal carbonates which precipitit®

out when present in excess and are removed by settleme™
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i gitration. The process is algq known as the (
Pr0CeSS: Chemical reactions involyed are

0, +Ca(OH)2 = CaCO; + H,0
CH(I_IC03)2+C3(OH)2=2CaCO3+2H20
Mg(HCO3)2+Ca(OH);=CaCO3+MgCO4+2H,0

ark

Lime and Soda ash Process : Lime has no effect on
sulphates of calcium and magnesium, which are responsible
for causing most of the non-carbonate hardness found in
natural waters. However by the use of soda ash (sodium
carbonate), the non-carbonate hardness can be removed.
The reactions are :

(1) CaSO4,+ Na,CO3 =CaCO3+Na»SO,

(i) MgSOy4 + Ca(HO),=Mg(OH),+CaSOy4
CaSO4+Na,CO;=CaCO; +Na,SOq

Most of the insoluble compounds, which precipitate out in
the above-mentioned methods. will settle out if the treated
water is passed through a settling, basin. AS.* however. some
of the insoluble material tends to remain in finely-divided
late and may be found to be later depositing on the filter
%and or in the distribution mains service pipes and metres,
s difficulty may be overcome by treating the partially-

“rified water from settling basin with carbon dioxide.
This process -called

"fore it reaches the filters. =5
g any unprecipi-

’fcﬂrbonation, has the effect of convertin g
373
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Base lxehange
patsiice] (hrough
aluminium and o

My for th
exhausted, The sodium iy then restored by Fegencrating (f,.

seolite with

Water Supply

o hed of zeolit sand (complex sificae.

lium) whereby it exchanges i

Of

= an

e sodium (Nay in the zeolite until Na become,

a4 solution of common salt (NaCl) resulting iy,

(he reversal of jonic reactions viz, Ca and Mg taking the

plac

¢ of Na and being washed out, chlorides while the Na

remains in the zeolite so that it is again ready to act 4 ,

soflening agent. Chemical reactions are

For softening :

CaSOy )
MgS()4
MgCO;
CﬂCO}
CﬂC]z

elc.

W T

+NapAl(Si03); =
1
I
o

Hard water Zeolite

For regeneration :

1

Mg

Ca
Mg

Al(S103),+

Al(Si03),+2NaCl=Na,Al (SiO;),+
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7e0liteS are artificial products i granular
arying between 0.5 mm. to (.25 mm. in di
Vi :

ames are Permutit, Verdite etc. The zeo;

form witp, size
meter. Its trade
te softeness s
filter with the

. 2to 1.8 m, and
ihe flow of water may be either upwards or downwards, The

reated effluent can show water of zerg hardness,

ey much similar to the rapid gravity

jifference that the zeolite layer ig thicker 1

The zeolite or the base-exchange process of water softening
is applicable only to clear water since the presence of turbity

causes elogging of the zeolite material. Its use is, therefore.
limited to ground waters. -

811 Swimming Pool-Water Purification :
It is often found necessary to recirculate used water of
swimming pools for treatment purposes, as this arrangement
is more economical than the removal of water time and
again, for use.
The most satisfactory method of treatment involves forced
circulation of water through pressure filters, to be followed
by super-chlorination and dechlorination, while
a certain amount of chlorine residu.al. The dose may be as
Much as 3 to 4 ppm to leave residual of.0.5 ppm. .
The process of filtration is greatly a.SSISted by ;ﬁci::]:i .
. Water g coagulant of the type ST Ea E‘:;xluminium
- “Ombat the degree of pollution involved. Alum

maintaining
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ulphate) is the usual coagulant used. Since o hLd\\
S C

|| 1 C IOWE:I]I‘I I O‘K‘Q (]I‘
l

alum 1S likel = e
water. giving water sych o ]

audmcatlon of

characteristics as odour and causing irritation

throat, it WO
or sodium bicarbonate.
the water in good condmon especially |

L\ L8
uld be necessary to correct it by ad ding Sl ang

l a%]

For keeping -
case of indoor swimming pools, it is better if auxil
ary

method of disinfection such as aeration coylq also
provided as discussed, for methods of aeration. In gpge, ey

~ pumps operate satisfactorily in recirculating water g4 o
small solid particles may clog the pump-impellers, j; woulg :-
be_advisable o have some physical treatment. i“\’Olving :
mechanical straining of water prior to filtration. Thjs may
consist of a ‘hair-filter’ having grilles.
Sometimes to prevent the growth of algae, especially in he |
case of open air swimming pools, sulphate in small doses is |

also added.

8.12 Fluoridation :
Though fluorine in excess of about 1.5 mg/! is undesirable |
and in higher amounts injures the teeth of children, it has |
been found that a fluorine content of about 1 mg/l prevents
dental caries in children. In many cases, such a fluorine |
content has reduced tooth decay by 50 to 65 P cent. |
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consequently where the y

g ater s deficien;
reat many communities

g add this Chemic
Sevefal fluorine Compounds  gpe ay

N fluorine. a
al to the water.

allable  for water
hydrofluoric acid.

- Xide. Of these, the
most widely used one sodium fluoride. which is usually fed

as a solution by utilizing chemical feed equipment. and also
sodium silicofluoride, Usually the solute js fed under
pressure. Control is established by accurate feeding and by
frequent tests to determine the fluorine concentration in lh-e

water. Equipment used for applying fluorine is normallv

reatment, namely. sodium fluoride
hydroflue silicic acid and sodium silico

capable of maintaining a fluorine content within about 0.05
mg/L of the desired concentration. It appears that water has
no fluorine demand and that all fluorine added is indicated
by the Standard Tests.

8.13 Defluoridation :
A water that contains more than 1.5 mg/l of fluorine 1s
generally considered objectionable. Various methods are
employed for removal, but all of them are difficult. Among
the methods that have been successful are (1) bringing the

water into contact with tricalcium phosphate Ca(PO3)z (2)

softening the water by the use of lime and soda ash with the

addition of magnesium, if lackin

fluorine by the use of magnesit

g, to accomplish removal of
um oxide or hydroxide, (3)
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. use of hydroxy apatite
o exelinges and (4) the 1x CIORY Bpitite, Jeq,
eption ¢ ’ :

(PO ¢ (O

N1 I-’.m-nrlmuullun ]
cnustie alkalinity in oy
cemoved by the application of carbop

witer soltened by the eXCess i,
1he

method can be
Jioxide to the water, ‘ '
content and reduces the tendency of colloidal carbonageg i
caleium and hydroxides of magnesium to precipitate on g
1!

prains of the filter sand and in the pipes of the distribygjgy,

Recarbonation stabilizes the Cyeq
; 3

systen,
The reaction by which calcium carbonate and carhop

dioxide. form calcium bicarbonate may be written 4

follows :

('il('()j “t C( )3 v ”20—} CEI(HCO;,);_
Calcium  +  Carbon  + Calcium
Carbonate dioxide | Water bicarbonate.

8.15 Demineralization :
By "demineralization" is meant the removal of those
dissolved mineral constituents which, for one reason, or
another, cause water to be unsatisfactory for cither domestic
or industrial consumption. ‘
(1) Hard water, objectionable because, of scale formation in
boilers, heating system, resulting in great heat transfer

losses and danger of boiler failure is the first and Mo

s :
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imP“rmm example of necessity for elemin

. atin ot
jineral constituents. & Undesirable
1

o) The second and really the only one example of practical
. €moval of iron ang
Present in- qualities sufficient to cayge
rouble from taste, odours Staining and djsc

nd worth-while demineralization is the r
nanganese when

| | olouration. Use
of demineralized Water ; (1) Manufacture of Soft drinks.

(2) In the high pressure boilers, (3) In the pharmaceutical

works. (4) Many other industria] plants like textile paper
manufacture, etc,

Processes of demineralization
Hydrogen Zeolite-available under the name Zeo-karb catex
and organolite. They are sometimes called carbonaceous
zeolites because they are made from coal and lignite.

Hydrogen zeolite exchange all cations for hydrogen.

HYDROGEN EXCHANGE |
Raw  Hydrogen Treated Exhausted
Water Exchange bed water Exchange bed
Ca - e SRR I s o
" [(HCO,), CO;
Mg . e 3 0. | + Mg .
4\"()2 (,]2 +H'2X‘—H2 *Cv 4 N()2
Fe LSod i N _F e |
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REGENF.IL\TI()N

I ‘Hhausted Suh‘rhllric Hydrogen Waste
‘:cl:ru;u:c bed acid exchange bed water
exchang
[< | il
i M | . ; / .LI' .
(Mg | aps0, = Hixo HE SO,
| NO, | | NO, |
| o
i_f‘l’ J l_ft _J

Where X Stands for Zeolite
Advantage . The advantage of hydrogen zcolite is that it

contains no silica. hence treated water does not have it silica

contents increased which it specially desirable in boiler

walter

(2) Strong Base Anion Exchange : The water treated by
using hydrogen seolite contains carbonic acid (H,CO3).
Sulphuric acid H2SOa, and hydrochloric acid (HC1).

The acid can be removed by passing water through a strong
-Acidite, Anex

hlorides.

have anion exchange material, known as Di
etc. The anion exchange bed removes sulphates, ¢
nitrates. carbonates and leaves the water practically

demineralized.
Bed can be regenerated by using Na,COs. or caustic

(Na;OH).

Soda

STRONG BASE ANION EXCHANGE

Cation exchange Anion exchange Treated Exasusted
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bed
water exchange bed
S0, sl ‘ - i
9 50,
chy &,
3| (00| FAOH = mow | o
Si0; Sio,
_COZ 2 C‘O‘
REGENERATION
Exhausted Caustic ~ Regenerated Waste
exchange bed Soda exchange bed  water
N §0; T
cl, . Cl,
A|(NO,), | +2NaOH =A(OH), +NO; | (NO,),
SiO, _ SiO;
co, | co,

Where A stands for exchange material.
It is demanded that water treated by the above two methods

first through the hydrogen zeolite and second, through the

anion exchanger, can be compared with distilled water 1n

quality.

381

Scanned- by CamScanner



water Supply

8.16 Desalinimtion :

. e heen a rapidly nereasing intepec
Since 1955 there has been a 1| & Interesy

development of pProcesses that will convert saline Water |,
fresh water. This interest has been stimulated by he
[es . : \

realization that freshwater supplies will soon be in
.

E'IL|L‘L]|];"L,

in many areas. ‘
Open water has @ dissolved-salts content ol about 35,000
mg/l. There are sever
removing salts from sea water. Many groundwater supplics

are blackish (dissolved salts 1000 to 3000 mg/l and gre

al large desalinization plants thy are

much too salty for consumption. The salts can be removeq
but the cost is great. There are many processes for removing

salts from the water. Some of them are discussed in (e

following paragraphs.

Distillation : Distillation of seawater has been practiced for
many years. Recent research has been aimed at the deve-
lopment of improved evaporators that would have minimum
difficulty with scale formation. Various types of vapor-
compression and multiple effect flash systems show
promise. Solar stills have been used successfully in areas
having a high proportion of sunlight throughout the year.
With a solar still the energy costs are nil, but the cost of
investment is high per unit of producting,
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i rccli“g . In the freezing process the tepy
cawater is gradually lowered unti]] jce CFystl:ratl.lre of the
These are free of salt and can be N frOmS;lebf (?rmed.
Dcmineralization + Salts can be removeg f:z “ﬂey-

qrough USe of ion changers. The prOCf?Ss.liS 5;:1-1“mer
geolite softening except that sodium is remov;j r bl(?
hydmgen-cation exchanges. The Procéss is prohibitivel;
expensive for use of seawatcr, however, it is well adapted

for use on waters with salt content of less than 1000mg/I

Electrodialysis : By this method ions are removed by an
electrochemical process whercin in they diffuse under the
sction of an electric potential through membranes that are
selectively permeable to different types of ions. In the
process there is about 1 gal of water wasted for each gallon

produced. Cost of salt removal by electrodialysis is

proportional approximately to the amount of salt in the

extremely high cost. electrodialysis 1S

water. Because of
that the first

with seawater. It 1s likely
jon of desalinization will beakish water.

converted to fresh water, generally has
ances to the

unsuitable for use
widespread applicat

Ocean water, when
ransported considerable dist

to be pumped and t
rther adding to the cost of such water.

place of use, thus fu

383

Scanned by CamScanner



Water Supply ‘

8.17 Removal of Colour: E
Colour may be removed. as other colloids are remove(, by ‘
absorption and by
by sand filtration.

Other methods incl

chemical precipitation, possibly follow
No one method will remove all coloy, ii
ude bleaching by sunlight in opey
reservoirs or by the use of chlorine. Coagulation with alym,

followed by filtration 1s probably the most widely useq
procedure. About 1 grain of alum per gallon of water should
remove 10 ppm of colour under favourable circumstances.
of colour by chemical coagulants the same ._

principles apply as in the addition of coagulants for other

purposes.

PR S

In the removal

8.18 Removal of Radioactivity .

In planning treatment of water contaminated with

radioactive materials, four things must be known (1) the |

itial concentration of the radioactive materials, (2) the |

composition of the main constituents, which requires a

radiochemical analysis of water, (3) the MPC (Maximum

Permissible Concentration) established for the radioisotopes |

in question, and (4) the remaining or residual activity. The "
4.
MPC has an important influence on the type of treatment, £

while the residual activity permits determination of the

efficiency of the treatment process selected.
Studies have been made of the effectiveness of ©

methods of water treatment in the removal of radioacli"'c

arious

384

Scanned by CaScanner



Water Supply

phosphate, for 1-13] as

iodine when silver nitrate ypq added, and for py, T}
* or Pu. The

gener:':l"}’ l'fi‘move only  those radioactive materials
aSSOCl.ated with suspended solids. The lime soda process of
softening ha.s been effective in removing most radionuclide.
Excess calcium aids precipitation of strontium, and high
removals have been reported.

Cation-exchange resins were found effective for removing
cationic radionuclides, while anion.exchange resins were
effective for removing anionic radionuclides, either in
separate columns or in mixed beds.

Modified techniques have also been used successfully.
Strontium and other radionuclides which form insoluble
phosphates can be removed effectively by phosphate
coagulation. In removing strontium, careful control of the

pH and of the phosphate-calcium ratio is necessary. An

electrolytic cell of effective for removing soluble

constituents, but colloids had to be removed prior to treat-
ment. Except for 1-131 and Cs-137, Ba-137, 90 precent
temoval of radioactive contaminants was obtain
iton as metallic dust. Distillations is the mo'
method of radionuclide removal, but it is eXpCI'lSI_?’C*; |

ed by using
st effec;ivc
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. .to_be 0.8 fps : and thickness of each baffle is 5th 0“.

water Supply

QUESTIONS

g of water purification and how ¢g,

What are the objective
m? What causes colour, odour and tastes j,

remove them? (BUET,64 68, 70)
an you make water potabje?

you achieve the
water and how can you

What is potable water? How €
What are the causes of presence of colour, turbidity

phenolic compounds, lead and acidity in water supplies
Name the processes by which you can remove them |

individually and also mention about their permissible |

concentration in drinking Water. ( BUET, 62, 67, 70, 72, :

AMIE, 67)
Discuss in brief the principles involved in the design of

sedimentation tank. (BUET, 65.73)
“In a sedimentation tank, area and the overflow rate rather '7

than the detention period should govern the design”. Co- 5-
mment on the statement. (AMIE, T2) |
Critically examine the factors that affect the water treatment :_
by the process of sedimentation with coagulation. (BUETF
70, 72)
A mixing basin is treat 6 mgd of raw-water. The basin is tq;.
be divided into two similar parts by a longitudinal parlitioﬁ
wall of 6 inches thick so that each half will have a cleaf

width of 10 ft. Also, the distance between baffles is 2 ft, th
mixing period is 20 minutes, the average velocity of flow i

spacing of baffles : If a free-board of 6 inches in a[low,
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th the depth, What should pe (1) the (o(g
qsins (i1 the number of chanpeq - In each halfdepth of the
verall inside length of the bagjy, ( all, and (iij) the

BUET 66)
x circular sedimentation tank ; is 10 creg

—_—
-

dius of the tank is 1.5 times the effect;

- Ive depth calculat
the diameter and total depth of the tank. An allowance of ;

f is to be taken for sludge deposit. Also give a neat
proportionate  sectional elevation of {he tank with all
necessary details. (BUET, 67)

g, Give a brief description of "The theory of filteration" in a
sand bed. (BUET, 64, 67, 70, 72, 73, AMIE, 65, 12).

). A city water treatment plant has a design capacity of 8 mgd.
Design rapid sand filter bed units and calculate the capacity
of wash water tank. Assume standard values of data not

 supplied. (BUET, 70 ).

0. Make a neat diagramatic sketch of a water treatment plant
based on rapid sand filters and discuss functions of each
units. (BUET, 68, 72, AMIE, 64, 69)

'l. (2) What is meant by "filtration of water"-? Discuss briefly
the operation difficulties of a rapid sand filter plant. |
() A rapid sand filter bed having as area of 700 sg. ft.

Operating at 2 gals, per sq.ft. per minute, needs washing at

15 gals/sft/min. for 5 minutes in a day. Three troughs are
Placed in each ynit and the depth of the trough should not --
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14.

' not travel more than 3'-0" laterally. (BUET. 65)

water Supply

inches including a free-board of 2 ;
- lnChEs'

exceed IS
f the flat-bottomed wash
alQr !

Calculate (a) the dimension O
trough and fb) the percentage of filtered water requireq f,, |
washing the filter beds. (BUET, 60).
(a) What are the ‘essential characteristics of a rapid sap '
filter plant? Explain briefly the theory .of filtration through {
& sand-bed. '
(b) A rapid sand filter plant is to treat 1.44 mgd of raw E
water. If the allowable rate of filteration is 2 gals/sft/min, |
and wash water-requirement is 15 gakl/sft/min.
(i) What would be the capacity of the wash water tank ? (ii) -
What would be the size of the flat bottom wash water trough
9 The depth of the trough should not exceed 14 inches
including a free-board of 2 inches. Assuming, standard
value of date missing. :
What are the characteristics of a Rapid sand filter? Make A
comparative study of the merits and demerits of Rapid sand

and Slow sand filters.
A rapid sand filter plant is 10 be designed for a city

prospective population of 200,000 to be supplied with 4

with @

gped. Determine.

(i) No. and size of filter units.

(ii) Capacity of overhead wash water tank whicl i
able to wash two units at a time. (iii) Leading dimensio™ CE
a flatbottomed wash-water trough when wash water &

1 Will he

388

Scanned by CamScanner



Water Supply

]:! g what is coagulation-scdimentmion
..ﬁ‘Om plain sedimentation ? Briefly ¢
* each factor that affect sedimentaio,
" A rectanguhr sediment

9
‘How does differ

Xplain the Influence of
with Coagulation.

ation tank is (o ¢y
: cat 960 _
of water per day. Given : 000 gals,

pepth of tank just before cleaning

: . : 10
settling velocity of particles 0.50 fpm,
Length : Breadth £ 39

Determine :
(a) Dimensions of the tank
(b) Overflow rate in gph. (BUET.70).

16. (a) What would be the dimension of rapid sand filter unit
having a capacity of 1 mgd if it is to operate at 2
gal/sft/min?

(b) With a wash-water rise of 24 in per min, compute the
rate of wash-water application and the total amount of
wash-water used in a 5 min. wash. (AMIE, 67).

I7. (a) If the rate of operation of filter is 2.5 gpm per 5q ft of
filter surface how large an area will be required to filter the
water for a population of 12,500 using 120 gped 7 f
(b) What will be the washwater requirements for this filter i
the entire area t& washed at one time ? (AMIE, 2 What is

30 Explain the processes of disinfection of water. Wha

break-point chlorination? Explain fully
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aw much chlorine. 10 pounds per hour, wil| requ;
“r‘\l{i

(b H ‘ |
10 rigd of water with 0.4 mg/L of chloripe: (B
) 1y -

1o trea
68).
10, How many pnunds of bleaching powder with 3() per

avail

CL‘[H‘H_
able chlorine will be required to treat 4 million 4,
edl )

water with a dosage of 0.5 mg/L. 7 (AMIE, 66).

50. With a flow a 72.000 gpd, and a chlorine doages of 04

mg/L.. how much hypochlorite with an available chloring
content of 70 per cent will be required in a day ? (BUg|
72).

21. (a) State the criteria commonly employed in the design of ]
plain sedimentation tanks used at water treatment plants,
(b) What should be the size of a rectangular sedimentation
tank to treat 1 ragd, with 2 hour detention and overflow rate |
less than 20.000 gal. per day per sq. ft. of the surface area,
(BUET. 65). _ |
22. "Theoretically. depth is not a criteria in designing a |
sedimentation tank for the removal of granular solids’
Justify the statement. (AMIE, 66, BUET, 73).
23. (a) What is the action of coagulants added to raw water ?
(b) What is flocculation ? What are the common aids used |
to make the process more efficient? Explain the reactions |
involved. '
(c) What are the factors affecting good coagulation ¥ ]
(d) What effect has the depth of a sedimentation tank on I® |
efficiency ?
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oy, State the object of adding alum' (¢ water b

* When i ferrous sulphate preferreq (o alum
action of a sediment

fore filtraiop,

, ? Mention the
: aton tank and explain the

poinls to be remembered in its design, ( AMIE, 69)
25. With the help of a sketch of the essential featureg describe
the arrangement and working of a rapid sand filter of the
gravity type. |
%6, () Why must be the rate of filtration controlled and how is
it done?
(b) What are the usual rates of filtration alloﬁred in rapid
and slow sand filters respectively ? Why are fese ikt
rates to be used ?
(c) What is air binding ? What are its effects ?
(d) Why is the uuderdrain system necessary in sand filters?
(BUET, 1964). : N
27.(a) Explaine what is meant by sterilization of water.
Describe the various methods of application of chlorine for
sterilization of water and explain one method in detail.
(b) Explain fﬁlly-Break point Chlorina;ion. (BL.IET, .62, 72).
28. Write a brief note on "the treatment of swimming pool

~ water". (BUET, 72)
29. Write short notes on ;
(i) Taste and odour control,

removed, (iii) Water softening
Iters, (Vi) Double fi

various

(ii) Iron ahd manganese
(iv) Algae control, (V)

Ifration, (vil) Chlorine
Negative head in fi

Demand.
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9

DISTRIBUTION SYSTEM

9.1 Definition :
The distribution SY
which receives the water
conduits by the gravity flow an

stem is that part of the water works

from the pumping station or from
d delivers it throughout the

district to be served.

It includes, as such, reservoirs
ubsequent distribution, together

s and other appartenances for

for purposes of storage

equalizing pressures and s
with pipes, valves, hydrant

carrying water, services pipes, meters etc.

9.2. General Requirements :
A distribution system should satisfy the following general |

requirements !
(a) The distribution system should, be su
water in adequate quantities and pressures to all parts of the ©

district served. This would include all demands such as ©
water supply for domestic and industrial use and for fire-
fighting purposes. |
(b) The distribution system should be thoroughly reliable.
This would involve (i) interconnecting all the water mains -
and controlling flow through shuice valves located ﬂt.’
suitable points, so as to ensure an uninterrupted supply Of;
water to all other sections when one of the sections has t0 be

cut out of service following breakdown and conseque“t.-

(&
3

ch as to furnish |
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repair: (Hyprotesting the f0110wing Supply
" Mains

damage
traffic. At such points as

» the pipes need 4 be amply

suppOI'tS.

(c) The distribution system should be economical in its
design, lay-out and construction; this being considered to be
the costliest part of the water supply scheme. It is estimated
that the ratio of the cost of the distribution system to the
ovarall cost in case of a large scheme is 50 to 75 per cent
and for a sthall scheme as much as 90 per cent.

9.3 Classification:

A distribution system is classified depending upon the
method of distribution. involved as (1) Gravity system, (2)
System with direct pumping and (3) System with pumping
and storage.

Gravity System : A gravity svstem is adopted where tlole
Source of supply such as a lake or an impounding‘ TCS?I:’(?IIY,
is at a sufficient elevation with respect to the city in order-to

ic service.
Produce adequate pressures for fire and domest

. This method, evidently, is the safest and most reliable.
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System with direct pumping : In this, water g dire
. . . C

pumped into the mains. Consumption is the only outle Thiy- g

method is least desirable, a failure in the power i I.s |

means breakdown of the system. Also, pressures in {’h}’ *

¢ |

mains vary with the consumption, so that under Varyin, |
¢

consumption, several pumps may be required (o confor, o |
the supply, adding to cost. ' |
Systém with pumping and storage : This is also called (e
direct-indirect or dual system. In this, when the demand-rag i
exceeds the rate of pumping, the flow into the distribution -
system is both from the pumping-station as well as thel
elevated reservoir. When, however, the reverse condition|

exists i.c., pumping is more than the demand, the excess of!
water is stored in the reservoir. This system. obviously, is
the most economical and reliable. It provides for a unifo ?
rate of pumping. The pumps can be operated at their rated.
capacities. resulting in higher efficiency and cconomy
operation. Also, the water stored serves as a reserve 1o tak

car of fire demands and pump breakdowns.

9.4 Methods of Supply :
“Water may be supplied to the consumer either imermitlenl_
i.c., for a few fixed hours of the day say 5 AM. 101l AN
and 3 P.M. to 9 P.M., or continuously i.e.. for all the twe
four hours of the day. A continuous method of suppy
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Jways better than the intermiteny method becg,
i ) - ' i IS¢ O 3 n
pllowing reasons. ! the

0 when the supply of water i only for
of the day. consumers are compelled T
during the non-supply hours, The domestic storage ;,:Ld.‘
puill for the purpose may suffer for .

maintenance and attention for

a few fixed hours

ant of proper
a long time, resulting in a
possible contamination of the water supply.

(2) The unused water of storage tanks is most likely to be
thrown out to be replaced. during the supply hours, by fresh
supply of water. Evidently, this is a wasteful use of water.
Also, where the supply is not metered, there is a tendency
on the part of consumers to leave the taps open for all hours,
resulting in additional wastage of water. The receptacles so
left under public hydrants and faucets may remain
overflowing, witout being attended to, for a long time.

(3) In case a fire breaks out during the non-supply hours.
considerable damage would have resulted before the supply
could be turned on and fire extinguished.

(4) During the non-supply hours, pressures in the distribu-

| ' 5. causing
llon mains may fall below atmospheric pressures, cau' g
in air or other harmful gases from

partial vacuum, sucking -
in a posslblc

Sewers running close-by and resulting

Contamination of water suPPl)'-
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_9.:‘: i Requil‘ﬂments in Water Distribution S}’Sicm‘,
water-distribution  systems p"L’Ssm;
ry use. and for fire fighting nyg e
districts fire pressures of 60 g; »
nded. In commercial districs

psi 1S tolerable, but higher

In designing
requirements for ordina
considered. In residential
the hydrant are recomme
minimum pressure of 75

sures must be provided In
Works Association recommends ,
C

pres districts with tall building

The American Water
al static pressures of 60 to 75 psi 1s throughout 5

cities use fire-department motor pumpers (o

norm

system. Many
develop the necessary fire pressurc so that normal operating

pressure can be  less than that quoted above. The
maintenance of high pressure in mains means increased

pumping costs and usually also increased leakage. Some

large cities have installed dual systems in business districts,

a low-pressure system for ordinary use and a high-pressure
system (150 to 300 psi) for fire fighting only. Other cities
use standby pumps to raise the pressure in the entire system

whenever a fire occurs.

Faucet pressures of 5 psi are satisfactory for most domestic
needs. Assuming a maximum pressure loss of 5 psi in the
meter the main about 5 ft below ground level,
pressure of about 35 psi in the main is adequa
residential districts with one and two storey houses:
Allowing about 5 psi for additional storeys, a pressure of 13

psi should be satisfactory for buildings upto 10 storey in

a total

£ e e .

te for

(e
e SR e T ———

396
i
Scanned by CamScanner



0.6 pistribution System Components:
Pipes, %ates and hydrants are the bzisic elements of
distribu’uon. systems. Their dimensioning and spacing rest
upon experience normally precise €nough in its minimum

standards to permit roughing in all but tbe main 'arteries and
feeders. Common standards include the following :

Pipes
Smallest pipes in grid iron 6 inch
Smallest branching pipes ( dead ends ) 8 inch
Largest spacing of 6 in, grid ( 8 inch pipe used
beyond this value ) 600 ft
Smallest pipes in high-value district 8 inch

Smallest pipes on principal streets in central district 12 inch

Largest spacing of supply mains for feeders:
2,000 ft
Gates
Largest spacing on long branches 800 ft

Largest spacing in high-value district 500 ‘fl -

Hydrants

Areas protected by hydrants 50,000-70,000

sqft each
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e Largest spacing when fire flow exceeds 5,000 gpm 2001
[argest spacing when fire flow is low as 1,000 gpm 30

teservoirs (TANKS)
servoirs arc used to provide storage to megy

9.7 Distribution }
Distribution re

fluctuations in use, O provide fire storage, and to stabilize

pressure in the distribution system.
The reservoir should be located as close to the center of use

as possible. The water level in the 'reservoir must be high
enough to permit gravity flow at staisfactory pressures to
the system which it serves. In large cities several
distribution reservoirs may be located at strategic points
throughout the city. Water is usually pumped into a
distribution reservoir when the demand is low and
withdrawn by gravity flow during periods of high demand.
The required capacity of a distribution reservoir is
established by the use of characteristics of the district which |

it serves.
Types of Reservoirs : The storage reservoirs are commonly ©

built up in four different types: (1) R.C.C. tank on R.CC. §
staging (2) Steel tank on brick ower, (3) steel tank on steel '
staging, (4) Prestressed steel tanks on steel staging. 4
The R.C.C. tanks are commonly used in our country- The
reservoirs may be of various shapes like square, rectangula”

cylindrical, cylindrical with conical base ( Inze type)
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(indrical with hemispherical bage, o, Cylindri

ost econmical. + -Ylindrical type is
Mcessories: The following are the maj, accessori
erhead reservoir: (1) Tnlet and outlet pipes ﬁlll:i -
bc||'m°”th' (2) Overflow and wash-qyt pipes comb‘,wltg
with valve control. (3) Ladder and manhole for cleanin l:zd
inspection. (4) Water level indicator. (3) '\f’entilatorsg and
mhming arresters.
A, Typical Intze type R.C.C. cylindrical overhead water
wnk is shown in Fig. 9.1,

Most Economic Dimensions of a Cylindrical Water lank
Dimensions of tank may be determined by applying the
simple principle of calculus, Maxima and minima. Since the
unk is cylindrical, minimum surface area that will be
required to contain a constant volume of water by the
condition of maxima and minima.

(See Fig. 9.2)
Assuming floor thickness is equzil to that of the wall.
A= Ai+A,, where A, = Area of the base

A, = Area of the shell-surface

A =Total Area ——— T
A=’ +2nrh |
V=Volume of the tank .
! v
r |

Fig, 9.2 Water Rescrvoir
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Differentiating with respect to I
dA 2V

=il =g

dar r

From the condition of Maxima and Minima : 5= 0

2nr=-2—V— =0
=

2V
or, 2Rr=—"

re

2mr*h

2
e

or, 21r=

or,r=h
Hence, for economical dimension of a cylindrical tank
radius of the tank must be equal to the height of the tank.

Example : Calculate the economic dimension of a

cylindrical: water tank for one lakh gallons.

Solution : capacity of the tank= 100,000 = 13,370 cuft.
V = nr’h= 13,370
s.r=h.
s mr=13370
13370
P = = 4258
i

r=16.5 ft.

Dimensions : Diameter = 33 ft.
400
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Willcl‘ H“pl)ly
E‘ ’ .
¢ (he cost per sft ol the she
i

wl

qmple ¢ In constructing gy clevateq circular R,(,¢ tank

Ilis |15 times to that of the floor,

at be the most CConomicy] dimensiong of the {

Assume thickness of the floop thickne
Let C = costyand A = surface greq
Cec A constant

c=K (A) =K[mr*+1.52nrh)]
c=K(mr*+3. mrh), V=Volume of the tank

ank
8s of the shell.

> V
=K (nr"+3. —), V=nr’h
-

3w V
=K (nr*+ — ) h=—
' me

Differentiating cost with respect to radius

LI
dar i

for minimum condition:

dc 3y
— =0, Hence, K2m =—)=0
dr ro
" ") 3 —
Ol'.- <N = jv
or, 27r’ = 3 nrlh

o, r= ]51'1

98 Pipe Systems : The pipe system comprises of the following
four unitg (See Fig. 9.3) :-

F.ze
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(i) The supply main. (ii) the sub-mains, (iij) minur‘
. A . |
[ ') valves.

distribution and (w)\nlw,. i

The supply main or main is the direet CONVeyor of wae, .
the pumping . gravity conduit. 1t should of

{ size to carry
are the secon
about 1000 ft apart and should b, |

i

omestic supply.and fire flgy,

sufficien
The sub-mains

side may be placed at
sufficient size t0 discharge d

The minor distributors of branches make up the grid irong o
pipes and supply water 10 the fire hydrants and service pipe
of the residences and other buildings. For fire service

minimum

| /Submaims\‘1

" | 1

| .
Minor Disttibutors

Fig.93 Componcnls of the Pipd System
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diﬂmeler of pipe should be 6 il‘lch and {
. . nd f »
JJone 4 inch and less. Or domestic service

9. Layout of Distribution Systep,.

There are four different Systems of distribution de
upon the methods.of layoyt of the pipe-system. T
(1) Dead End (2) Grid Iron System (3) Circle
System, (4) Radial System,

pending
hese are
or Ring

Dead End System comprises of 3 supply main starting from
the service reservoir and laid along the main road,bwith
submains running at right angles to it in both directions and
laid along other roads joining the main road. Across the sub-
mains run the minor distributors or branches, laid along
streets and connecting buildings and houses (Fig. 9.3).

This system is suitable to old towns and 'cities which have
been irregularly developed having no definite pattern of
roads and streets. Its advantages are (i) its relative cheapness
and (ii) easy determinations of discharge and pressure at any
point in the system. By suitably locating valves, water
supply can be so regulated that by closing any valve say at
A, a section of the system can be cut out for repairs without

affecting the rest.

It disadvantages are (i) each pipe has a dead and wher
sediment accumulates,

e the
Water becomes stagnant and
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pro\'isiun of blow-olt or drain

y A large district is to be cut oyt W
h‘:”

requiring the valveg o

remove the same. (n
we to be made to
an improvement over the Deaq |

[ n‘.i

repairs hi an important pipe.
Grid lron System IS

Sy stem. caused by connecting the ends of the various my,,
- - . L .]\l

<o as to eliminate the dead ends. The water then circyjy,
. N

frecly throughout the system. Such a system is very usefy

for a city laid out on a. rectangular plan (Fig. 9.4y
: & ) the

connections of the dead end producing a grid iron patier
with mains tunning on main reads in one direction or iy

perpendicular direction ard submains also running alike op

minor roads and streets.

I s ]

| Submains —_|

|
_— _‘_______l
s j

. Valve

Main t

l

-— | —
g ————

| . L

—

- Fig. 9.4 Grid Iron System
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xdxw‘llﬂges to be gained with this System are (i) avoidance

Fany stagnation due to water circulating cantinually
L4 T =

) absence of the discontinuity of wWater supply anyw
:n he system in the event of any
: 3 )

and

here
repair-work to a main or
bmain. water being easily available from another main or

gbmain. Disadvantage is the provision of a very large
qmber of valves. At every junction of two roads. four
walves are required (see at B. Fig. 9.4). The sv
therefore. costlier. -

In | ol

stem 1s.

.
1 Submalins Main
——
— -—

L d

Fig. 9.5 Ring System

Circle o Ring System (Fig. 9.5) : This consists of cutting
;he entire district into circular or rectangular blocks and then
YIng the mains  all along the peripheral roads with

Su : . . .
bma;m branchmg out from the mains and running on the
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Scanned by CamScanner



Water Supply
18 system also |
and streets. Thus this system also follays e

inner roads
ith thet difference that the flow Pattern
] l\\

Grid-lron pattern W

now similar n character 10 the of the Dead End S¥sten

determination of discharge or size of oo
o LY

can be supplied to any point from at j¢,.,

Ihat makes the
casier. Also, water
two directions. This shows that this system possesses .

advantages of both of the previous systems.

Radial System (Fig. 9.6) : This system is the reverse
instead of from it. The entire district is divided into o
qumber of distribulion zones AEKH. EBKH etc.. and 4
distribution reservoir is placed in the centre of cach zone
The supply pipes are laid radially away towards the
periphery. This system is most advantageous with the

"direct-indirect system" for obvious rcasons.

9.10. Design of Distribution System :
Factors to be considered in the design of a distribution
system are
(a) Type of flow-whether continuous or intermittent.
(b) Method of distribution-whether by gravity or b
pumping.

(¢) Probable future demand based on prospective ineres®

in population. This also includes the industrial demand

as well as the fire fighting requirements.
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0P eriod 10 be considered (g p, the lif;
system should be designeg anticip
condition that will obtain e

the amounts set aside for

aling the fyqyre for the
ar the end of the time when

deprecia(j
i0
returned the first cost, N would have

) The flow-formulae used i the design have
een

discussed in Chapter 6, .
A
B
A/ \
1: \ / : I \ ~ Distribution
: E ' Reservoir
"f‘an' --------- ;'“'""' '-------i G
| !
N\ / i A
e 4
L C

Fig. 9.6 Radial System

is to assume the pipe

pressure heads which
tion after

The principle involved in the design
size-and then to work out the terminal
could be made available at the end of each pipe S€C

i i tion
allowing for the loss of pressure-head in the pipe sectio
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when discharging the peak flow. The peak or maximum,

pipes is taken as 3 time the average daily flow,

flow in the
nclude size of pipe,

s causing loss of pressure-head i

Factor
ses due to friction the

rate of flow, and friction. Usually los

pipes are considered.

The available pressure heads as calculated are checked upto

~ see if they correspond t0 the permissible residual pressure-

heads. If not. the pipe size is changed and the system

reinvestigated until satisfactory conditions are obtained.

The design-procedure may now be outlined as below :

(a) Prepare a contoured plan of the city or town. locating: on

it the positions of districts or distribution zones with their
ce reservoirs, pumping stations. main roads

population, servi
es and other similar features. A

and streets, existing main-lin

)ymay be used

small . scale (say
: 10,000

(b) Prepare detailed map of each district. showing in &

addition to the aforesaid 1

district. location of all principal and mino

f all mains. sub-mains and branches

nformation for the particular :
r streets. The

tentative alignment o as

s

well as position of valves and other appartenances should be =

"1 marked. Probable population tc be served by each section 01*;

408
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v
|
|
i

. line should be indicateq, Choose 3 b;
> OS¢ a bigger scqle (say
I | |

(54'7000"

| (o) Estimate the rate of demand for 4,

~

: | antity flowing in cach
ction of the pipe length. This 2ives the avey

| . age daily flow
| inthe pipe. The maximum flow will be 3 tim

es of this.
(d) Assume pipe sizes. The velocity of flow varies 3-4
ft/sec.

(¢) Find loss of head due to friction in the pipe-length. Use

in made of the Hazen-Williams formula becayse of the ease
with which calculation can be made due to the availability

of Nomograph (Fig. 6.1). Usual value of C taken is 100.
Alternatively the friction-flow formula viz,

4va2
h, = >od
-8

() Determine the available terminal pressure-heads.

may also be usen ( f=0.01)

Starting, from the service reservoir of the pumping station
Where the total pressure-head is known, the pressure-head at
the end of any line would be determined by allowing for the
fritional loss of head and any rise or fall due to slope of the
Pipe line and the ground levels. -

®) In case .of difference between the availale terminal
Pressure-head and the permissible pressure-head, revise the
BSume pipe-size. |

409
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water Supply

pistribution System:

Frequently it becomes necessary o analyse a gy,
distribution system in order to determine through g q“icg
and approximate check. the pressures and flows available i,
n of the system and to suggest ways (o improy,
4 found inadequate. A few importany
d methods of determination are

any sectio
upon the same.
methods, their principles an
briefly discussed as below.

Equivalent Pipe Method : This method is useful in

rendering a complex network of pipes into an equivalen|

pipe system giving the same discharge and loss of head as in
the complex system.

For purpose
idered to be split up into two portions : (i) pipes In series

and (ii) pipes in parallel.

Pipes in Series : Pipes cérry arbitrarily chosen values of :
discharge Q,, flowing through branches AB and BD and Qx.
flowing throuth AC and CD (See Fig. 9.7) Itis assumed that |

the loss of head for pipes in series is additive.

Knowing discharge (say Q) and diameter

and BD through which it flows, it is possible to determiné

the loss of head H, in their total length (AB+BD) Here. Us¢
Fig. 6.1. A single

is made of the nomograph as discussed in
length of equivalent pipe AD of

410

s of analysis. the entire network of pipes is cons |

s of pipe-lines AB
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Q
= T /
Q
o
c << — N v

o
Fig. 9.7 Equivalent Pipe

known diameter can then be selected to give the same
values of discharge Q) and loss of head H;,.

Pipes in Parallel : In this head through pipes in parallel i.e..
ABD and ACD is the same.

If a certain loss of head (say H)) is one assumed to occur in
either arm length ABD and ACD flows through the arms
can be worked out and added together to see that the total

flow corresponds nearly to the original flow Q. The size and
length of a single pipeline can then be calculated to give the

same discharge and loss of head.
Method of Sections : This is an approximate method but
gives a qucik check and is simple to follow.

The method may be described in the following steps :

411
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(i) Cutthe network of pipes by a number of sections aa. hh
W angles 0 the assumed direction of flow {see

ce. at ngl

Fig. 9 8y, Consider a proper sequence ol pipes angd '
character of distnct served { residential or commercial | |
be supphied beyvond

(ity Calculate the quantity of water to

cach scction.

*

(1111 Study the average available gradient. Velocity allowed

in pipes is 2 10 4 fU'sec. Permissible gradient should be
hetween 1 to 3 ft per 1001L...

of pipes cut by cach section,

(iv) Find out the number

(v) Calculate the total discharge of water available at the

end of cach section by determining the discharge
capacities and qumber of pipes cut at a section and

summing these up.

ARy
A A //
g 4

a v/ /

A 1
STV

b Lol A

X1V

Fig. 9.8 Mcthod of Scctions
412
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cach end of section.

Hary-Cross Method of Analysis of Flow in a .Pipe

Network : City water distributjon systems are composed of

inter connected pipes in branches and loops. and the flow to
given outlet may come from several pipes. The
determination of the probable flow ip each pipe of a

network requires complicated and tedious trial and error
solution.

In any pipe network two conditions must be satisfied ; (1)
the flow entering a junction must equal the flow leaving it,
and (2) the algebraic sum of the pressure drops (head losses)
around any closed loop must be zero. The first condition is a
statement of the lew of continuity. The second condition
states that there can be no discontinuity in pressure, i.e., the
pressure drop (head loss) through any route between two

Junctions in a loop must be the same

Pipe network problems in water distribution systems are
usually solved by methods of successive approximation
since any analytical solution requires the use of many
simultaneous equations, some of which are nonlinear. It is
convenient to express head loss as a function of discharge.

Le,
413
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s X

[=KQ (9.1)

in which 11 is the head loss in the pipe. Q is the discharge, g
is the constant depending  upon length. diameter ang
roughness of the pipe as well as the fluid properties, and x jg

the exponent. On the basis of the Manning equation (he

Value of x would be 2. while lor the Hazen-Williams

equation, x=1.85. The Darcy-Wesbach formula gives values
of x varying from 1.75 for smooth pipes to 2 for rough

pipes. In pipe net-work. the value of x is usually taken as

1.85.

Hardy Cross (USA) developed a method of successive

approximations  in which the circuits are balanced,

distribution of flow is determind and the two conditions of

flow are satisfied. The-solutions for pipe network problems

suggested by Hardy cros requires that the flow in each pipe

be assumed so that the principle of continuity is satisfied at |

cach junction. A correction to the assumed flow is |

computed successively for each pipe loop in the network |

until the correction is reduced to an acceptable magnitude. If

Q, is the assumed flow and Q is the true {low in a pipe. then

the correction is Q-Qa and Q=Qa*4 (92)

Expressing head loss by Eq. 9. 1 the
~ loss around any closed loop be zero gives

condition that the head

EK(Q3+A)x =)

Expanding this Summation

414
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- 1' " ) .\_l ,\‘_I
v +IxK AQ + IxK AlQgx2,. _
LI\(') : +L\ (‘. & 2 \l\ ﬁ ()a\ +"“u_ 0 . (()4]

I A i small compared to Q the third and aJ| succeeding
erms of the expansion may be neglected. Hence.

x—1
¢

X - _

1

where A has been removed from the summation since it is
ihe same for all pipes of the loop. Solving for A gives

Y KO, (9.6)
ﬁ"' = ZAA»Q'L—-J .
¥ H
_— (9.7)
orA >xKQ.
Inflow
Inflow
Fy (:labc B
ab H
H cd bc
Qadc
D H dc C\\ Outflow
Fig. 9.9
415
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er the simple loop shown in Fig. 9.9, the arroyw head
rads

Consid
flow. o '
Two conditiopy |

showing the assumed direction of
must be satisfied.
(1) Inflow at ths junction A must equal outflow gz the

junction
(2) Head losses due to flow in the clockwise direction ( i,

pipes ab and bc) must equal head losses in (h

counterclockwise direction (in pipes ad and dc) at the

junction C. The flow correction A can be computed by

A: (Huh-l_j'[h(,)—(H”d +H¢h) 98
* [(H""h + th‘ /Qllht' + (].]mf +u‘<') / Qﬂhc')] -

where A = flow correction in gpm or cusec.

Qupe = assumed flow in the clockwise direction in pipes ab

and bc in gpm or cusec.
Qaqc = assumed flow in the counterclockwise direction in

pipes ad and dc in gpm or cusec.

H,p = head loss in the pipe ab in ft.
Hy = head loss in the pipe be is ft.
H,4 = head loss in the pipe ad in ft.
Hy. = head loss in the pipe dc in ft
x = exponent =1.83

In practice, the Hardy Cross meth

the following procedure :

od is usually applied by

416
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@) carefully examine the Network an

atés of flow 1n each pipe sych that inf]
cach junction.

d assume reasonable

OW equals outflow af

(©) With due attention to sjgn, compute

: the total head
qround each circuit. loss

(d) Compute. without regard o sign
sum - ZH/Q.

(e) A. the correction, is computed for each loop by the Eq..
9.7. The minus sign can be disregarded since the correction

so obtained 1s made by inspection.

(f) Apply correspondmg correction to each pipe in each
loop. When the sign,of A is positive (+), decrease the

. for the same circuit the

clockwise flows and increase counterclockwise flows.
Where sign 1s negative (—).. increase clock-wise flows and
decrease counterclockwise flows. Pipes-that are common to
two loops require a double correction.

(2) With adjusted flows, repeat the procedure for the second
approximation. The procedure is continued unti.le he desired

]

accuracy is attained.

| Electrical Network Method : An electrical analogy is

sometimes used to solve complex pipe-network problems.

Ohm's law is not apphcable to turbulent flow in pipes since
it makes dischage (current) a function of the first power of

the potential gradient. Special tubes, called fluistors. have

F-27
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been developed which cause voltage to vary with the 185
power of the current. With these tubes in the circuit, the
pressure (voltage) and flow (current) distribution can be
determined by measuring voltage and current at the desired
junctions.

Computer Method : Another method of solving a pipe-
network problem is to use a compulcr.'l’rogramming takes
time and care, but once set up, there is great flexibility. The
effect of changing a pipe size, for example, can be readily
determined by simply replacing the old data card for that
pipe with a new one. The speed of the computer and the
accuracy that can be obtained are the outstanding
advantages of this approach.

Example: Given Pipe network shown in Fig. 9.10 with
inflow of 3500 gpm at the junction A and outflows as
follows : junction C-700 gpm, junction E-2,100 gpm. and
junction K-700 gpm. Use Williams and Hazen formula, C=
120 and determine the rate of flow in each pipe when the

pipe network is porperly balanced. ;

418
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3500 gpm
A 1000 ft12Inch dia 1000 ft 12 Inch dia C /700 gpm
2000 —™ (M) i B 7700 — (1)
2054 — (2 1061 —»= Ez)
o 2069 —™ (3) | @ 1069 —= (3)
£ (=89 [ 1) 5 conmi5
'g - olo 'E
omd| = £
C | 833 885! o >
E o &
o 8 o
= — o—O =
- m m 2100gpm 8892
_1000ft10Inchdia .El_{gﬂﬁﬂ_ﬁ!neh dia ‘
B oo —= M) | ) =— 100
828 — i2 %2; ——— 47
: 288§ 288
£ |c8o £ ©
£ o =) ‘ &
o | 82R 7 )
momu a— =
= ong| © .
8 ne| S oo
o s . mmm
= 1000 ft 10 Inch dia 1000 ft 8 Inch dia
G 800 — (1) H 4000 — (1)
828 i i!; 386 —_— iz)
700 gpm
Fig. 9.10

Third trial denoted by (3): Detailed calculations have not
been shown but the results have been shown on the Fig.

9.10.
After third trial it is seen that the rate of flow in variou

.

o)

pipes of ihe network has been approximately balanced.

" 9.12 Appurtenances in the Distribution System :

The various appurtenances commonly used in a distributiof

system are:-

420 .
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H%h‘luicc valves or shut-off valyes 2) Check vy
- . Vanl
(4) Drain valves
valves. (5) Hydrants and (6) Meters. They

S . | g k‘\. Or T'i i
qur "ﬂi\l.f\‘ (3) Al valh Cs, i Ton
2 v l’l" Sk""{i‘_
| are described in
prict as follows

aaiee Valves @ These are use \ _
Shuic ed to control the Now of water

1hﬂ‘“gh p]pc-llncs and dare IrL‘CqUL‘nH\' used in mains aned
- . . -‘rt:

qubmains 10 1solate certain sections enabline repairs to b
& . \ i

carried out therein without affecting supplies in the vest of

the sections. These may be placed at intervals of about 500

00 1. and invariably provided af every point of
intersection.

A vertical section through a screw-down sluice valve.
commonly used is shown in Fig. 9.11. It consists of a
wedge-shaped gate which is raised or lowered on 2rooves
with gunmetal faces through a spindle by turning a hand
wheel or by turning the cast iron cap with a wrench. thereby
opening or closing the passage of water through the pipe on
which it is fixed. The direction of rotation for closing the

valve is usually clockwise.

421
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Close
H—=
—
Gland Panching
Thrust Collar
— 1)
5 Bronze Spindle

Gunmetal - ]
Spindle nut

i

/J_.__.
Bore N /\
‘ ,

Gunmetal Seatincj

Gate in Low Position

Fig. 9.11 Scrow-down Sluice Valve

Stop Cock: Stop cock is another type ol screw down valve |
only in smaller sizes in the case of a bib tap. The body of :
the valve is so casl that the water must pass through an
orifice which is normally arranged in the horizontal plane. A
plug or a jumper’ can then be forced down on to this orifice
by a screwed handle. shutting off the water flow as shown
in Fig 9.12. Stop cocks extensively used in case of service

pipes for sizes up (0 2 inch.

422
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= ==
? ‘S‘?ﬁ Stufting box
\\\\‘é : 3 g‘\\\\‘&\\
| éizf{-’/ Washer
1 \\)\\\\\\&,"IIII ] | Seating

Fig. 9.12 Screw-down Stop Cock

Check Valves : Also called reflex valve or nonreturn valve,

as valve is an automatic type of valve which allows the
water to flow through in one direction and prevents it from
flowing back.

It consists of a flat disc or door within the pipe line, pivoted
S0 that it is forced open when flow of water is in one
direction, and forced shut against a gunmetal seating when
flow tries to be in the reserve direction (see Fig. 9.13). 1t
Will be observed that the seating is normally arranged
slightly out of perpendicular. This enables the disc to close
alllomatically by gravity when there is no flow, with th.e

Valve fixed in a horizontal pipe.

423
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Airplug

ESSSSSSSYRSSSSSSIN
4|0,

Gunmtal Docr
with seating ring

Flanges
Fig. 9.13 Check Valve

It is necessary for the check to be placed in every pipe line

through which water is forced by a pump. SO that if the

un back to the pump. start itin

|
|
|
r |
|
a
|

pump stops, water may not r

a reverse directions, and thereby damage motor connections

of the pump.

Air Valves : The water flowing through a pipe always con
tains some air which tends to accumulate at high points in
the pipe. A pipe is seldom laid parallel to the hydraulic
gradient and has invariably some fall or rise in it. As such.

air will accumulate at those points in the pipe-line where a

followed by a fall or at every change of F

rise is suddenly
a lesser |

gradient as when a Vvery steep rise 1S followed by

steep me of the pipe-line. Air-

e to the flow that may materially dimi
¢ the i

accumulation results @ &

nish =

f‘

serious blockad
the arca of the pipe available flow and thus reduc

effective flow through the pipe.
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. therefore, usual for nima 1-

i tl for PIpe lines (g be provided wij
‘ . ded with

0y i 2 -$ -

qalves having apertures o orifices, for rejeqc: l
. clcasing the
S1Z¢ of the orifjce.,
-orifice ajr valve de
release large quantities of ajr i

sccumulated air. Depending op, the

jalve may be called a large ‘ 4n ait
signed to

napipe line ig being filled

with water or a small-orifice aj; valve for releasin Il
" k) asing sma

of air ‘ ‘ )
quantities ar-at summit pojnys - during continuous

gpel'atfon .

An air valve essentially consists of 5 cast iron chamber with

a floating ball of special composition and a cireular orifice

in the

Low Pressure Orifice
High Pressure
), oxifice Coves
A
/
\ E
- [4— Low Pressure
-\\_-
L. ST I I I I IS IS IIITI TIIIIY) Y
[}
High Pressure
Ball

- Bore ==

Fig. 9.14 Double Orifice Air Valve

top portion of the chamber. The chamber is connccted
through a short pipe-length into an opening in the soft of
Pipe. Air from the pipe accumulates on the

floating on the water surface in the chamber and is rele

top of the ball
ased
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by the circular orifice but only to the extent that no watey |

escapes along with the air. This is ensured by the ball risine

and closing the orifice, the moment water starts being .

released along with air.
A double orifice air-valve (Se
cast iron chambers interconnected and provided with

separate balls of different compositions and orifices
nt conditions of high

e Fig. 9.14) is made up of two

designed to operate for the differc
pressure and low pressure of flow in the pipe line.

Drain Valves, also termed blow-offs are provided at all
dead ends in the distribution system as well as at all

depressions in the mains. These are valves that are opened

occasionally to remove silt or sediment by allowing the
water to run out until it is clear. A wash out i.e., branch pipe
takes off from the invert of the main at its lowest point leads
the discharge to some convenient point of disposal viz. a
ditch or soak way. Alternatively, a hydrant-branch i.c.. a
branch pipe connected to a hydrant, may also be used to
wash out or flush the main. For this purpose. the hydrant

should be located at the end of the distribution system.

9.13. Waste Detection and Prevention :
Detection of the wastage of water, wilful or otherwise. |
important function of the water-works management. |

esitmated that the wastage of water in an unmetered supply
fer

S an

{18

may be as much as 40 per cent of the entirc Wi
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r.unstlml“i‘“‘- This colossal WASIE represents g s We '
on the resources of the |ncnl nllihnrit\' llli;t:'lt;: 'dulllf
“;m‘l‘\\'nl‘kh‘ and has, 'lht‘l'clhrc‘ 1o be ll\l\l‘t\l;ulll\‘ . ‘i ‘I.L\ o
e 2hly m‘\mugulcd
The means of detecting waste or unaccounted-for' water
may be classified as (1) Waste water surveys, (2) Location
of leaks and (3) Waste detecting meters, |
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......

q
A
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mﬁlm_
- Inlet ”_;[H
1L Plpe AL
IH) Outlet Pipe
Washout
and
Overflow
Pipe
[ l
Stalr
[—]
Fﬁm ,vT/f‘?"'

— S =

Fig. 9.2 Intze Type Overhead Cylindrical R.C.C Water Tank
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Discuss various methods of distribyti
§ in
the advantages and disavan(a,

» What are the methods avajlape for s
u
consumers ? Which

why 1 (AMIE. 64):

Describe the various

Pplying water to the
on r i
€ do you think 0 be preferable and

lay-outs of distribution net-work in a
water supply system ang State their ady
disadvantages. (AMIE. 66)

el

antages and

4. (a) \.Vha.t points' are to be kept in view in the design of
distribution system ?
(b) What are the different methods of analysing a given
distribution system ? Explain any one in detail. (BUET, 67)

5. (a) What is a service reservoir ? Give its importance in a
distribution system. Draw a neat sketch of an elevated tank
(Inize type) and show on it all of its component parts and
appurtenances.

(b) How is the capacity of a distribution reservoir deter-

mined ? (BUET, 63. 68).

6. In a water supply system, it is observed that water could
flow from the source by' gravity to all parts of the
distribution system. Do you think a service reservoir 1s still

necessary. If so, why?

Uuder what conditions should water be supplied to the

distribution system by direct pumping ?  (AMIE. 68)
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10.

3.

water Supply

Name the various fittings used in a water clixlrihu““n

system. What is the function of a small orifice air valye o

Sketch a double air valve.

An elevated water tank of 80.000 gals. capacity has (o he
designed on a staging of 45 ft. above ground level. Wiy
rtant date you would look for to make an cconomical

it o o T L —

impo
design of the same ?

If concrete work per sft in the floor and wall of shell costs 1
P

Tk. 12.00 and Tk. 18.00 respectively, what would be the

most economical dimensions for the tank shell ? (BUET,

62)
Describe with the help of illustrative sketches the proce-

dures adopted for "Flow balancing" in a network of —
watermains by applying the Hardy-cross method. (AMIE.

68. BUET, 64,69,72)

What is the purpose of a
the considerations for the most economic design of an
overhead water tank ? |
Calculate the most economic dimensions for an overhej
water tank ol capacity 0.20 million gallons. (BUET. 67)
y has to

overhead water tank and what ar

An elevated water tower of 150,000 gals. Capacit
constructed over soil having a load bearing capacity of 1.8

tsf, and over a staging.of 65 ft. above G.L.. Calculate £

economical dimensions of the tank shell. (BUET, 69)
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2 what are the basic assumptiong Made in the Hardy-C
ok , ardy-Cross
method of computing ﬂo“"diSlrihution b 8 Betwerk of
. . -~ ' 0
oipes ? Give an analysis of (}e method

’ ' ith that of
17 Justify your views, -(BUET. 71)

How does, this method of Computation compare w
an Electrical grid systen
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10

INDUSTRIAL WATER SU PPLY
10.1 [ntroduction :

Industry uses large volu

in  supporting

als. chemicals, and other basig

mes of watcer in its manufucturip,,

pProcesses and operations. Indeed.
[ foodstuffs, mel

production 0
a4 tonnage of watcr that far exceeds

commaoditics calls for
the combined tonnage of

operations generally draw 4

other raw materials. Finishing
ppreciable quantities of water

{abrication and assembly are satisfied with relatively smal

amounts. Not much of the water ¢
actually becomes part of the manufactured product. and
[l fraction is otherwise consumed or lost by
larger  fraction is  employed

nes spent water and may contain

ntering industrial works

only a sma

~ evaporation. The
nonconsumptively. It becor
many pollutants.

10.2 Water chuiremcnté by
The water needs of industry arc varied as well
ted industries have already

Various Industries :
as large. The

water requirement for some selec
been shown in Table 2.4

10.3 Water Quality Requirements:
Water use varics greatly from
required is apt to be fairly uniform in all pl
specific product, but it will differ materially from in

to industry. In many cascs the quality requiremcnl
«acting than 4

plant to plant. Quality
ants making @
dustry

g -for

industrial water supplies are much more €
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deviations from these requir
production by the plan
consumer will accept,

Water Supp]y

colour taste or odour anq

industries are as shown in Table

Table 10.1 Water Qu

for

Municipalitjes.
ements may re
Whereas the

though Complainj;
other |
finished water characteris(jcg,

Furlhcrnmrc. |
sult in Joss of
domestic waler
gly, occasional
apses in qQuality. In terms of

Permissib|e limits for some
10.1.

ality for Industria) Processes
CAll units i PPM or mg/1)

Tur- Ca: Hard- Alka- Iron Total

Industry bidil’y our — Iinit_v and Solids
) Mng l

Food products
Baked goods |10 10 2050 [20-40 |0, 100-200
Beer 1010|2560 (75-150 |0 100-300 |
Channed goods |10 |10 [25.75 |40-80 0.1 ]100-200
Confectionery |5 |5 2560 13050 (02 100
weoeam )5 |5 |35.60 [30-50 [02  |jog |
Laundering 10 |5 50-100 |50-100 0.2 300
Manufactured
Products 0.2 300
Leather 20 |10-100 50135 135 |04 |00
mN__S 5 S0 |50 {01 200
Berpup 1550 [10-200 | 100-180)50  [0.1-10 J200-300
Pl&S[ics 3 2 50 0.25 ;,200
b 433
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Textiles, dyeing |3 520 |2 40 0.25 {100
Textiles, 5 20 2 40 025 |100
general U

Boiler Feed-Waters : Modern high-pressure boilers must

be supplied with feed water of high purity. As the water

evaporates the concentration of impurities in the liquid

phase rise, dissolved and entrained impurities accumulate,

heat transfer deteriorates and boiler tubes are overheated.
porous sludges, crystalline scales, and other coatings appear

on the boiler metal, rising concentrations of specific soluble

impurities cause metal corrosion and embrittlement and

foaming produces a wet steam and other carry-over of liquid
water. The water in low-pressure boilers may be kept in
satisfactory condition by blowdown alone, i.e., by the water

supply.

Table: 10.2 Composition of Boiler Feed, water

(maximum limits in mg/l established by the American Boiler

Manufactures Association )

o

Boiler  Pressure,|Total Alkal-  |Suspende|Silica
psiq Solids  |inity Solids
200-300 3500 700 300 125 |
301-450 3000 600 250 90
451-600 2500 500 150 50 j
601-750 2000 400 100 e e
434
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001500 [300 60 p
731 1000 . |1250  [250 r?“““
9’”’0’0_ 1000 1200  |op e
100112 e 7
m 750 150 10 10

___-_-___'_*-——_—-——-___-—.____ o
5000 . 1500 100 5

regular discharge of accumulateq impurities.
pressures have been increased (o

However. as

as much as 2000 psig,
special control measures have bad o be introduced.

The most important boiler precipitates consist of silica iron,
sush ended matter, and oi] in addition to calcium and
magnesium as bicarbonates and sulfates. The principal
factors in corrosion are (1) DO, COa, low pH, and deficient
alkalinity, too, can promote, corrosion. The American
Boiler Manufacturers Association has set the upper limits
for solids, alkalinity, and silicate reported in Table 10.2. As
there shown, quality requirements become more stringent as
operating pressures go up. The limits on total dissolved
solids are meaningful parameters of purity because all
hardness s removed. The limits on silica permit
‘oncentrations of 0.02 to 0.03 ppm of silica in the steam.

Boiler waters are kept to specification by one or more of the
following techniques: (1) external treatment for the removal
| of impurities from the raw water, (2) internal treatment for
the conditioning of water within the boiler, (3) blowdown

for the fémoval of concentrates and sludges, (4) treatment

435
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condensates. Although some impurities escape in the steam.

their removal [rom the system does not contribute much to

water quality maintenance. Moreover, steam condensates

arc usually returned to the system as feed water or make-up

e i b T L S

walter.
Upto pressures of about 300 psig, .boilers. operate

economically with minimal external treatment. Feed waters

can vary widely in quality, internal treatment being relied
upon to condition the sludge and prevent the accumulation it
of objectionable deposits. As a rule. boilers can be operated
at pressures up to 1500 psig only if heat-transfer rates and |
thermal efficiencies are kept high. Deposits are minimized
by producing uniformly good feed water. i.e.. water low in
hardness and total solids and free from suspended matter.

Internal treatment comprises the addition of chelating agents

and substances that control residual hardness and keep metal
surfaces clean. For boiler pressures at and above 2000 psig.
feed waters must be more or less completely determined and
stand in little or no need for internal treatment other than
oxygen scavenging and pH adjustment.

Cooling Water : Water is the common coolant of the
process industries. Temperatures encountered range from
the fractionation of liquid air through the- chilling Of ¢

refrigeration of food products to the quenching of red-heal”
ally

steel. Water has a high heat capacity, is almost univers
available, and is easy to transport and apply. Where the ¢
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qme stream. provides cooling waters to sequent
ey N s . nt manu-
factories, 1ts waters may become (o hot for further use The

wulting thermal pollution mav alen o
resulting I may also harm fish and other

useful aquatic life. Hence Some states have placed lepal
t.l.

restrictions on this form-of pollution too.

Urban supplies provide much coolirng water. For reasons
already states, however, large consumers are quite likely to
wrn to supplies of their own for cooling waters. Only food
industries may continue to bank on the implied warranty
and assured purity of municipal sources. few industries

isolate their water systems. To obtain reasonable insurance

g

rates. most of them must construct independent fire supplies
in any case. To this purpose. they are prepared to pump
water from nearby streams. lakes. or tidal estuaries. Highly
polluted waters can term as cooling waters without
purification, but.they must not be cross-connected to clean
and safe process and drinking water systems. When costal
industries draw cooling waters from estuaries or the sea. the
expense of corrosion control is usually offset by the low

cost of the water. Although seasonally lower temperatures

make groundwaters excellent coolants during the summer.

falling water tables in many industrial areas of the world

Wam against such use. Groundwater recharge offers only a

. 2 AP Sl Wi o
Partial solution of this problem. Here and there, waste watc
as an industrial collant. -

has been purchased for usc
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recirculating systems must cooling water b,

Especially in
scale formation. sedimep

treated to inhibit corrosion,

o - . Dy o . .
deposition, and microbial growths. Pretreatment provides

e start-up of new or newly cleang(

e e e i e e

protection during th
Standard chemical processes often serve this |

systems. -
of treatment may have to be

purpose, but specific methods
elaborated.

In cooling towers corrosion may extend o
metal surface. appear as localized piling. or be induced
contact of dissimilar metals. The mosl

ver the entire

galvanically by
important water properties affecting corrosion are oxygen
and other dissolved gases. dissolved or suspended solids.
pH. velocity, temperature. and microbic growths. The water
itself may be treated., its pH adjusted the closed recirculation
system deaerate. and chemical inhibitors supplicd. Anodtic
inhibitors. such as chromates and phosphates protect by
suppressing anodic reactions. they can be effective. but 100
small a dosage may cause localized npitting. Cathodic
inhibitors such as bicarbonates and polyphosphates. retard

cathodic reactions. General inhibitors soluble oils. amines.
quanternary ammonium salts, and other organics, 1or
instance protect metals by covering their surfaces with
protective films.

Cooling-system deposits are classified as foulants.
sediments, or scales. Dirt, silt, precipitates. mic:nnl"ﬂﬂI
masses. general debris. and corrosion products arc the
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common foulants of one

throug, and open.re

systems. In closed sygsien, Circulation

tl]‘.lll\, L L]

parlially effective remedy,

Mcchzmical cle
IS an obvijoyg

Foulants
dissolved. and suspende by the

reagents. This makes it possible 1 rel

aning
although only
can be dispersed.
addition of organic
move them ultimately
be quite troublesome, but jt

al processes similar to those
effective mboiler feed water control. Poly

in the bleed stream. Scale may
can be held in check by chemic

phosphates and
organic compounds are the common cooling-water reagents.

Microbial growths can put a cooling-water system out of
commission. The growths are usually simy and stringy, but
they occur also as loose floes composed of bacteria, fungi.
and algae. In addition to plugging water conduits, the
growths may form scales accelerate the corrosion of metals.
and attack wood in cooling towers. Routine addition of
oxidizing chemicals, such as chlorine and bromine, ‘is the

common control measure for all types of cooling systems.
toxicants such as chlorophenates, cooper

ary amines may be added as well. To
bstances are often

d other special-

For surer kill.

salts. and quatern
1
improve their effectiveness these su

; i s, an
formulated with penetrants, dnspersan.t% a

duty substances.
Cooling water should not €0

Ppm.

ntain ‘hardness more than 50
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Irrigation Waters : The quality of irrigation waters i
interest in relation (1) to resource developments in whig)
available waters are exploited in parallel for agricultural and
municipal purposes, (2) to schemes in which the waters
made available for urban use are derived -wholly or in par(
from the underflow of irrigated fields, and (3) 1o -
wastewater disposal by irrigating agriculuiral arcas cither by
direct discharge from the drainage system or by diversion of
sewage polluted receiving waters. Narrower in its
implications yet of broad concern, is the quality of
municipal waters applied to the parks. lawns. and gardens of
the community. The properties of irrigation waters must be
excellently or well-suited to the watering of most plants |
under maost conditions : f
[rrigation waters should, not contain more than the limit the
following substances: Sodium-5 mg/l, . boron 0.5 mg/l !
chlorides 5.3. mg/l, Sulphates]10 mg/l, total salts-700 mg/l. |
and specific conductivity-1000 micrornhos.

Excessjve salinity at root zone leve] leads in succession to

i
{
I
I
|
leaf burn, Jeaf drop, twig dieback, and plant destruction. 1
|
i

Salinity effects are largely osmotic. High sodium exchange
breaks down soil structures, seals pores. and interferes with i
drainage, in extreme cases of soil breakdown the pH of the ‘
soil tray rise to the level of alkali soils. Although u"accs of §
boron are essential for plant growth, high concentrations are

injurious. Chlorides are generally more injurious than
440
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. rcause chlordes are :
s ates. bec chlorides are relatively more soluable and
e an

more tOXI€ 10 some plants apg because  sulfat
¢S are

meipitatcd as calcium sulfate.
swimming Pool Waters : The sanitary quality of water in
“mnmmb pools 1s determined by cert

chemical. and physical (ests.

ain bacteriological,
I'he, bacterial quality of
swimming pool water is indicated by the bacteria count and
coliform test. Not more than 15 per cent of the samples
covering any considerable period of time shall contain more

than 200 bacteria per ml or shall show positive (confirmed)

e T §5 T L8 o e

test in any of five 10 ml portions of water at times when the
pool is in use. Swimmning pools must be kept clean at all
tmes. Sediment. fungi. algae. and visible dirt should not be
permitted to accumulate on the bottom, sidewalls. or surro-
unding walks.

Because swimming pools are normally disinfected with
- chlorine. all samples must be dechlorinated at the time of
collection. This is done by adding suitable amounts of
sodium thiosulphate to the s::unph. bottles. A free chlorine
residual of at least 0.4 ppm musl be maintained throughout
the pool. The alkalinity of the water shall be at least 30
ppm, and a pH greater than 7.2 but less than 8.2 shall be

sparent so das
maintained, Pool waters should be highly transpare
with bathers swimming under

on a whitwe

0 keep divers from colliding
Waler, A black dish 6 inch in
ficld a1 (he deepest point of the

diameter placed
pool should be clearly

441

Scanned by CamScanner



water Supply

visible from the side decks of the pool. To avoid rapig

multiplication of saprophytic bacteria.. pool temperatyre,

should not be raised above 78° F. lonized silver is

recommended as a disinfectant.
Because they do not persist in water. ozone and ultravioly
light need to be supplemented by chlorine.

10.4 Treatment of Water for Industries @’
The methods used for treatment of municipal waters (see

Chapter 8) are also used for the trecatment of industrial
e choice of a particular method or combination of

waters. Th
methods depends entirely upon the type of industry.

Scanned by CamSanner
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QUESTIONS
{, Explain briefly the amount of water re

1 o 3 uired by t
following industries q y the

| : (a) Tannery, (b) Textile, (c) Paper
pulp manufacturing (d) Food processing.

7. Supply the water quality standard for the following : (a)
Boiler, (b) Irrigation, (c) Cooling, (d) Swimming pool.
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Y

SIGN OF A WATER PURIFICATION
PLANT

PLANNING & DE

11.1 Introduction:
efined as the orderly consideration. of a

ginal statement of purpose through tlic

cvaluation of alternatives to the final decision on a course of
all of the work associated with the design

Planning can be d
project from the ori

action. It includes
of a project except the detailed engineering of the structures.
It is the basis fo
abandon) a proposed project and is clearly a most important
aspect of the total engineering for the project. Because cach
water supply project is unique in its physical and economic
s impossible to describe a simple process which

ably lead to the best decision. There is no

r the decision to proceed with (or to

setting, it I
| will inevit
substitute for "engineering judgment” in the selection of the

l : .
| method of approach water supply project planning even
though each individual step toward the final decision should

be supported by quantitative analysis rather than estimates

or judgment.
11.2 Steps in Planning:

The various steps 10 be followed in planning a watcr supply

-~ system have already been stated in Chapter- 1.

444

Scanned by CamScanner



(1.3 Design Considcrationg .
The design of g w

‘ ater Purificatjop plant for
case in affected

by the quality anq g, quanti

ated. (he amount of
the operation of the

any particular
Y of the water
attention and skill“that
€, the amount of money

that is 1o be tre

plant wijj recejv

available for the Construction of the

location ang climat
type of plant that Seems best for ¢
been determined, {he plant may
manner, each

plant, and varioys other
ic conditions. After the
he given conditions has

e designed in a logical
unit being considered in
However, each step in ]

factors such as

Its proper sequence.
1€ design may involve the

sible shapes of unit or types of
apparatus. Circular and rectangular tanks are compared in

the preliminary design for both economy and esthetic

apperance. Even after the general shape has been

consideration of severa] pos

determined, it is common practice not to recommend a
particular type or piece of apparatus but 1o design the unit so
that any one of two or three mechanical devices, controls. or
feeders may be used; The limits of capacity and other
desired characteristics are specified, and the manufacturer is
left to fit his standard apparatus to the requirements -of thc‘
engineer. Some  engineers, however, shm.v deta:lhs c?t
* particular equipment and specify that the, equipment shown

or other-equipment of equal merit should be provided.
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I'he most economical size of any unit is determined by cop-
sidering the cost qf the various items of equipment and of
construction bearing in mind that costs of construction
increase rapidly with the depth below ground of such uni

as mixing basins or sedimentation basins.

11.4 Design Procedure :
The procedure for determining the size of the various units
of a plan of the type shown in Fig. 11.1 is as illustrated in

the following example :
A water purification plant is to be designed for treating

500,000 gallons of raw water in 8 hr. of actual operation.
Coagulant (Aluminium sulphate) will be applied to the raw
water as it enters the plant, and the mixing. which is to be
accomplished by mechanical means, will require 30 min.
The required sedimentation period 1 4 hr with a limiting
velocity of not more than 0.4 fpm, and the filtration rate is 2
gpm per sq. ft. of filter surface. Wash water is to be supplied
at the rate of 15 gpm persq ft. The filters will be washed
only when the loss In head in a filter bed reaches a certain
maximum permissible-limil, and this provision will require
a storage of about 4 percent of the total water filtered n a
day. The clear-water reservoir must bé capable of storing @
volume of water equal to normal consumption for at Jeast 3
hr.
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Distribution
Filter Bed _I‘-j‘_::ter System

A WV
s I . o

Raw Water /
Mixin
El:ulsingl
Sedime
g ntation

wash water Tanks
Clear water Reservoir

Fig. 11.1 Flow Diagram of the proposed Treatment Plant

Solution :
Mixing Basin : The total flow through the plant is to be
500,000 gal in 8 hr., therefore, the flow per minute will be
500,000/ (8 x 60)= 1050 gal = 140 cu ft. Since the mixing
period is to be 30 min, the capacity of the mixing tank must
be 140x30=4200 cu fi. In order to prevent sedimentation in,
the mixing tank, the velocity of flow should preferably be
some what greater than 1 fpm. If this minimum value were
used, the length of tank would be 30 ft and the required
cross sectional area would be 4200730, or 140 sq ft, which
could be supplied by a section 10 ft deep and 14 ft wide.
Because it is desireable to have a velocity somewhat greater -
than | fpm, the width of the tank may be reduced so that the
depth and width are equl and each is 10 ft. Then the length

..‘
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of tank will be 42007010 «10) = 42 11 and the velocity o
How will be 42730 - 1.4 fpm. whieh is satisfactory.
Nedimentation Tank @ Since the estimated fiow is 140 ¢im
or 8400 ¢t and the detention period for settling is 4 hr., the
required  capacity of the sedimentation tanks must be
R400x4 = 33,600 cu 1. In order to provide flexibility of
control, there must be at least two sedimentation tanks, in
which case each basin will have a capacity of 33,600 2
16.800 cu fi. Since the rate of flow is not to exceed 0.4 fpm.
the maximum permissible length of cach tank would be 60
4 x 0.4 = 96ft. If a length of 90ft is considered the velocity
of flow will be 90/240=0.375 fpm which is satisfactory.
Then. the cross-sectional arca will be 16,8000/90. or 187 sq.
. A width of 16 ft and a depth of 12 ft will give a cross-
sectional area of 192 sq fi. which is slightly greater than the
required arca and 1s satisfactory. The capacity of each tank
will then be 90 x16 x 12 =17.280 1.

Filters : Since the flow is 1050 gpm and the rate of filtra-
tion is 2 gpm per sq ft of filter arca. the required filter area
is 1050/2=525 sq fi. Every filter plant should have at least
three filtering units, and if three units are provided in this
plant. the minimum area of each unit will be 325/3 = 73 5q
fi. For. the purpose of design. it will be assumed that a filter
unit may be washed, drained. and returned to service in 13
min.. which is about 3 per cent of the 8 hr run. Since not

more than one filter unit will be washed in any one day; ¥ -
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may be assumed that al| (hree units will be oyt of servic
e

only 3/3=1 per cent of the time, and the g

filters should be alout one per cent greater

“for full time operation. Therefore, 175 sq 1t represents 99
per cent of the required areg of each filter unit, and this arex
is 175/0.99= 177 sq fi. It each unit is made 18 by 10 fi, its

area Will be 180 sq ft, which is slightly more than is
required.

The ratio of lhtf width of a filter unit to its leangth, as well
as the area, of the unit, is influenced by the size of the
building in which the fillers to be housed. When there are
four or more units, they are generally placed in pairs on
cither side of the pipe gallery. With three small units. it is
usually best to place them side by side. However. if the need
for a fourth units in the near future is anticipated it may be
preferable to place two units on one side of the pipe gallery
and one unit on the other side and to leave a space for the
fourth unit with piping in place. In the design under
consideration the three units will be placed side by side and
the pipe gallery and the operating floor above it will be
placed to front of them, in this case the mixing tank is
within the building, but in some plants only the chemical
feeder and the mixing control units are placed inside the
building and the mixing tank is placed oulsid'e, The length
of the building, inside to inside of brick wall, is equal to the
length of the mixing tank, or 42 ft. If the chf'mnel at the end
of the filter units is assumed to be 18 inch wide and the wall
between the filter units and that channel .is assurped to be 12
inch thick the length of the filter units 1s thus_mcreased to
20 fi 5 inch. Then the floor space on the operating floor and

urface area ot the

than that required

¢ dlso on the pips gallery floor below would be 21 5 by 30 ft.
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f of the space on the operating [loor wil|
controls and valves. Hence. abou
1d be used for the oftice and other

Not more than hal
be needed for operating
300 sq ft on that floor cou
required rooms.

For the purpose of the desigr
eration floor to the surface of

.. it may be assumed that the

vertical distance from the op
the water in the filter units during operation is 12 inch. from

that surface to the top of t

from the top of the gutters
from the top of the sand to the top of the gravel is 30 inch,
the gravel to the center line of the drains

he wash water gutters is 39 inch

(o the top of the sand is 24 inch.

and from the top of
is 15 inch. Also it may be assumed that the half-thickness of

the drains. is 6 inch and that the floor of the halp gallery is
24 inch. below the bottom of the filter. 1f it is assumed that
the elevations of the operating floor is 80.00 ths elevations

at the various levels are as follows :
Elevation (ft)

Level

Operating floor 80.00
Surface of water 79.00
Top of wash-water gutters 73.75
Top of sand’ 73:15
Top of gravel T1.25
Centre line of underdrains 70.00
Bottom of filter underdrains 69.50
Floor of pipe gallery 67.50

The influent pipe from the sedimentation tank should be

such size as to give a velocity between 1 and 2 fps with 2

450

Scanned by CamSanner



Walter Hupm}_

very small loss in head, The required flow

' 1s 1050 gpm.
According to the Hazen Williams for &

piPC or an 18 inch pihc will q'ui‘iﬁ-n'll.l]d‘. (.lIlILT‘al' 16 inch
- 5 o Satsly these conditions. the

\-clc'u:ll}' l?L“‘.IL.l ok ll.m N the 16 inch pipe and 1.3 fps in the

|i3 mch- pip. The Iﬁﬁ inch pipe will be used.

Fach filters requires 1050/3=35() gpm. The smallest pipe
that can supply this amount at a velocity of less than 2 Ips is
a 10 inch pipe. and that size will be used for the short pipes
leading to the individual filter units.
The washing of a filter requires 15 gpm per sq ft for surface
arca. or 15x180=2700 gpm. The wash water should not
enter the filter with a velocity greater than 10 fps. and the
pressure at the strainers should be about 15 psi. which is
equivale to about 35 ft of head. Thus, the wash-water tank,
in which the low-water level is customarily 40 ft about the
filter, will provide satisfactory pressure if the total friction
loss does not exceed about 5 ft. A diameter of 12 inch will

" satisfy these requirements for pipes from the wash-water
tank. but to provide for indeterminate losses and the
possibility of future high velocity wash by auxiliary
pumping it may be desirable to install 16 inch pipes.
Since the waste-water pipe must remove the wash water at

the rate at which the water centers the filter,
that of the wash-water pipe,

the diameter of

this pipe will be made equal to

or 16 inch.
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The pipe that carries filtered water. from cach filter unit alsg

senves to carry the wash water o that tank the size of thig
pipe has already been ostablishid as 16 inch. A shory
distance in front of the filter unit. this pipe 1s connected (o
the pipe leading to the clear-water well. The velocity of
flow in this line should be between 3 and 4 fps. Each filter
produces 330 gpm filtered water. and this may be carried in
a 6 inch pipe at a veloeity of slightly less than 4 1ps.

The quantity of wash water to be pumped is 4 per cent of
the total quantity treated. or 0.04x500.000= 20.000 gal in 8
hr. This amount of water may be pumped from the clear-
water well to the wash-water tank continuously throughout
the § hour-day at the rate of about 40 gpm. or the pump may
be operated at the higher rate for a shorter period of time.
For the size of plant under consideration. it may be assumed
that a pump capable of handling 100 gpm at maximuim
efficiency will be most satisfactory.

The loss in head due to friction will while pumping 100
gpm will be about 5 ft per 100 ft pipe for a 3 inch pipe 1.2
per 100 ft. of pipe for a 4 inch pipe. Since there is but little
difference between the costs of the two sizes, it will be more
economical to use the 4 inch size for the pipe and thus
-educe the cost of pumping.

“he effluent pipe from the clear water will 1o the
{istribution system must carry the tolal {low less the amount

rhat is pumped to the wash-water tank, or 1050-0.04x1050=
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1010 gpm. For a desired velocity between 3 and

oy

inch pipe will be required .

“'ash-“'atcr-Tank: The “(l‘-h-‘.\‘ngr tank must have

Ve a
capacity of at east 0.04x500.000 20.000-gal tank or.
preferably. a 25.000-gal 1ank may be used. Since the low
water level of the wash water in the 1ank 1s to be 4. {t above
the water surface in the filters. the tank will have to he
mounted on supports. An elevated tank of standard type will
be provided.

Filtering media : The gravel course in the filter will be
made up of five layers. each 3 inch. The diameters of the

articles in the various lavers will be as follows :

Layers  Particle Diameter (inch)

Bottom 1'15-2"
Second 11",
Third RS
Fourth 'Yy
Top s-'/s

The sand bed will consist of 30 inch of sand having an
effective size of 0.45 mm and a uniformity coeflicient of

l[ 1.50.
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vyash-Water Troughs : Each filter unit contain two wagl,.
will be parallel to the 18ft dimengig,,
provide for approximately equy

he unit. In order to provide [y

water troughs. which
of> the unit. In order 10
flow. the center lines of 1
approximately equal flow. th
will be located 5 ft apart and 2
the unit. Since the rise of tn¢ wash w

lips of the trough should be 24 inch above the top of the
ow of 2700/2 =

e center lines of the trougly
ft 6 inch from the walls of

ater is to be 2 pm. the

sand bed. The standard size of trough for a fl
1350 gpm is 15 inch wide. and the standard slope of the
1 in 36. However. a trough with a level bottom
d. With a width of 15 inch. the depth required. If
h is desired. the same cross-sectional area

bottom 1is
may be use

a V-bottom troug
should be provided. Misceillancous equipment: For proper

operation of the plant. the following equipments with proper

speciﬁcations are required : (1) low control devices (2)

chemical feeders, (3) clorinators. clc.

11.5 Design considerations of Swimming Pools
The plan and elevation of a recirculating type of
pool are shown in Fig. 11.2. The following arc the

Swimming

various |

phases of Swimming pool design :
Site Selection and Layout : (1) Accessible to users: S

for parking, recreation, picnicking. bath-house

pﬂCC
;Hld
ater ¥

purification equipment. (2) Adequate and satisfactory W&
il &

SUPPl}’- (3) Adcquale Sﬂﬂilﬂl‘)’ sewer or SC[)HI’E'I[L' d]SlJUl"L
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system. (4) Pool drainge and waste water disposal proper
(5) Site drains, gently sloping, 100 years or more from
roads. factories, and wooded areas. (6) Pool area enclosed

with high wall or fence. |

Size of Pool : (1) Provision for diving, swimming. and non-
swimming areas are to be provided. A minimum length of
60 feet and water depth of at least 6 feet at the deep end is
suggested for public pools. A depth of 7 feet is required for
a 1 to 3 ft diving board. 8 feet for a 3 to 5 foot board, 9 feet
for a 5 to 8 foot board and 10 feet for a 8 to 10 foot board.
(2) About 10 square feet of deck space per bather and about
3 feet wide strip around pool are to be provided. Floor drain
for each 100 square feet is to be supplied. Deck space is to
be supplied.

Source of Fresh Water : (1) Municipal source if available.
(2) Existing stream or lake if clean to fill pool. (3)
Development of an well if necessary.

Recirculation System : (1) Design to replace water in 6 to
8 hours. For a private pool 12 hours may be acceptable. (2)
Provision for inlets on four sides. not more than 20 feet
apart or 10 feet from side walls. directional inlets with gate
valve or similar control. Design of pool drain as the filtered
water inlet and overflow gutters as outlet. (3) Elimination
dead areas. (4) Pool drain as permits pool to be emptied in 4
hours or less. No direct connection to sewer. (5) Outlet

| opening or grating area is at least 4 times drain pipe. Use of
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multiple outlets if pool is more than 20 foet wide. |
Design for head loss of 5 to 7 pounds per square imch iz
sand filter and 30 to 50 pounds in diatomite filter. (7

Selection of correct pump for type of filter and head loss i
recirculation piping.

Accessories : (1) Water heater with automatic therma!
control for indoor pool and so the outdoor pools. (2) Locae
water heater if provided. on water flowing from '..'f
pool. Use cold water for filter washing. Temperatmre of
water entering pool not greater than 110°F. (3) Hatr and [im
catcher. Provide spare on bypass. with valves. Area
stiainer openings at least 10 times area of main recirculation
line (4) Vacuum cleaner connected to portzble pump or
recirculating pump. with proper connections in pool sides &
least 8 inches below the pool water surface. (3) Space heater
and ventilation for indoor pools. (6) Residual chlorine and

-
N

pH testing Kits. Chlorine range 0.3 to 3.0. pH range /.- 19
8.8 (7) Spare parts for chlorinator. including ammoniz bottle

and gas mask where gas machine used.
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QUESTIONS
l‘)lh‘i.‘llHH hricl]}f the varioys Sieps that are adopted for
designing a municipal water supply system.

Explain step by Step the procedure (o be followed in design-
ing a water (reatment plany.
Design a water treatment plant for 3 mgd capacity, The
treatment plant shoyld include a plain sedimentation tank. ;
mixing basin, a sedimentation coagulation tank, a rapid sand
filter bed, a filtered water reservoir, a wash water tank and
an overhead.cylindrical walter tank,

Assume the standard values of data you need 1o design the
plant.

State the design considerations of a recirculating type
Swimming pool. Also explain briefly its working principle.
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APPENDIX-I
CONVERSION FA CTORS

l.ength
Inch (in.)=2.54 centim
Foot (10=121n. = 30.48 cm=0.3048 metre (m)

etres (cm) = 25.4 millimeters (mm)

Yard (vd)=3 {t=36 in. =01 .44 cm=0.9144 m
Mile=5280 ft= 1.009 kilometres (km) |
Meter (m) = 100 cm= 39.37 in. =3.28 ft
Kilometre (km) = 1000 m= 0.621 mile
Area
Square inch (sq. in.) = 6.45 squarc centimetres (cm”)
Square foot (sq. ft) = 144 sq in. = 929 cm” = 0.0929 sq.m.
Acre = 43.560 sq. ft=4047 square metre (m*) = 0.4047 hectare
Square metre (m:) =10.764 sq. ft :
Square mile (sq. mile) = 640 acres=2.59 squarc kilometres
(km:} = 259 hectares -
Weight
Grain = 0.0648 gram (g)
Ounce (0z) =28.35 ¢
Pound (Ib) = 453.59 2 = 0.454 kilogram (kg)=7000 grains.
Gram (g)= 15.4324 grains
Kilogram (kg)= 72046 1b. =35.274 0Z. = 0.0197 cwt.
Stone = 0.350 kg -
Hundredweight (cwt). British =112 16.=50.802 kg
Ton. British (fong ton). 1.016 metric ton = 2240 pounds (1b$)
Short ton. USA. 0.907 fetric ton =2000 pounds (1bs)
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Metnic ton () 1000 Kp-0 0g4 long tan=1 10

shog
on=2204.6 1b il
Volume and liguid capacity
Cubic nch  (cu.fty=16.387 cubic centimety

savas . CS (o) or
milthtres (ml)) '

Cuble foot (cu. R-1728 eu. in. = 28317 jirree (L)
Cubic foot =7 48 US gal, = ¢ |

1.229 Tmp, gal.
Cubic vard (cu. vd) =

27 cu. fi.

Fluid ounce = 2957 mlL or ¢¢

Pint (pt). British = 0.5682 L
Pint. USA =0.47371 = 16 fluid ounces =28.875 cu. in.
Quart (qu). British = 1.1361=2> pt.

Quart. USA=0.9461 = pt.

Gallon. Imperial (British) /Imp, 2al.1.=4.546=1.201 v, gal.
Gallon. USA (US gal.)=3.785 L =231 cu. in.

Millilitre (ml) = 0:061 cu-in.

Litre (L) = 1000 ml = 1.0567 liquid quarts (US =61.025 cu.
in.

Litre = 0.22 Imp. gal.=0.264 US gal. = 0.03531 cu. 11,
Cubic metre (m*)=10001=35.

J

I cu. f1=264.2 US gal. = 220

Imp. gal. Acre-foot= 1233 m

-

Pressure
Pnltl]d pcr Squarc inch (psi] 0.0?03 kCiﬂCI’n*:‘U.Qb?s atmos-

phere (atm)
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. N g =) s .
Pound per squre inch = 0.70m of water =231 It of wayey
Atmosphere (atm.) = 10.342 m of water= 33.929 ft of water,
j : . -

Kilogram per square centimetre  (kg/em =14.22 nasii

=(.9678 (atm.)

Velocity
Foot per second =().305 metre per sccond'
Metre second = 3.28 feet per second
Rates of flow

Imp. gal. per minute =().0
[mp. gal. per minute =0.27261 m?” per hour
inute = 1.201 US gal. per minute

0.0625 litre per second

7572 litre per second

Imp. gal. per m
US gal. per minute (gpm) =
US gal, per minute =(.225 m per hour

Million US gal. per 24 hours (mgd) - 52.6 litres per second
Cubic foot per minute =0.471 9 litres per second

Cubic foot per second 0.007851 litre per second 0.544 mgd
(Imp)=0.646 mgd (US)

Litre per second = 19.00 Imp. gal. per minute

Litre per second = 15.48 US gal. per minute

Litre per second=2.119 cu. ft per minute

Litre per second =0.0228 mgd (US)

med =1.547 cuec (US) = 1.55 cusec (British)

Filtration rate
Million US gal. per acre per day (mgad) =0.935m'2/mzfda}’

Mzaim:)day:] 069 mgad (US)
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Viscosity

: Ih,:-.t‘L‘J
| 1tuni Ik

| Poise

Kinematic Viscosity
I (. unit (1 /sece,)

| Stoke
Temperature

1°F
IU(‘\

Heat

| BTU
1 BTU
| k cal

I m. kg,

Miscellaneous data

Wiiter Supply

: : dyne.sec
4]‘)]’(:1?;&( — , -4

\ em’ )
2,083

/1. unit,
1,000

= 929 Stokes (em? /see.)
1.076

- 1./ unit,
1004 Al

- 5 e 17 Ira
- '(;( F=<32)J°C.

| b

—

("C+32)|°F.

() ]

=

=0.262 k cal.
=.076 m. kg.

= 3.968 BTU
9
929 BTU
1,000

Horsepower (h.p.)- 33,000 foot-pounds per minute

| Horsepower = 0,746 kilowatt- 1.0139 cheval vapour (CV)

Kilowatt=1.34 h.p.=0.736 kilowatt = 0.986 b.p.
Cheval vapour=0.736 kilowatt=0.986 h.p,
One litre of water weighs one kilogram at 4°C
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: a2 .
One cubic foot of water weighs 62.35 pounds.

One LS of water weighs 8.33 pounds.

One ft of water= 3.433= Pst

One psi - 9.30571t of water
One ppm  ~ One mp/l. =8.34 Ib per million gallon
ne
One cusee = 646.300 gallons per day
¢ :2,71828
log, 0.43429
loga - 2.3026
462
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