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L1 General Consjge

Water Supply
I
INTRODUCTION
rations ;

Water is abg
L b M | Ny scen = . ”
‘hmh"tl} essential to all life. both animal and

plant. In order 1 survive all animals and plants must have

ample supply of water. A water supply which is differ for

human consumption is essential 1o all life.

[tis dilficult 1o imagine any clean and sanitary 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 filled with both tragic and glorious milestones in

which water was the important factor.

Man uses water not only for drinking and curlinary pur-
poses. but also for bathing. washing. laundering. heating
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 [ishing. swimming, boating and other
recreational purposes. for fish and wild life propagation, for
navieation and for engincering constructions. Therefore.
every activity of man involves some use of water. Yel man's
assessment of the value of water is very low until he finds

himself without it.




Water Supply

While man has always recognized the importance of water
for his internal bodily needs. his recognition of i
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 discases. 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).

Walter is involved in the spread of communicable discases in
essentially two way. The first is the well known direct
ingestion of the infectious agent when drinking
contaminated water (e.g. dysenlery. typhoid and other
gastro-intestinal discases). The second is due 1o a lack of
sufficient water for personal hygiene purposes. Inadequate
quantities of water for the maintenance of personal hygiene
and environmental sanitation have been shown to be major
contributing factors in the spread of epidemic discascs.
Adequate supplies of water for personal hygicne also
diminish the probability of transmitting some of the gastro.
Intestinal diseases mentioned above,
Interaction between waer and the spr

b _ cad of discases has
cen recogeized by varjgys public he

alth organizations in

(g%

-lm

The latter type of
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evelopi .
developing countrieg which hav
[

v adequate Quantities of

¢ been trying to provide
waler ol reasonable, though not
« Quality,

IHealth problems ¢
I ems related to the inudcquuc}, of water supplics

entirely s sutislactory

are  univers;
1 but, generally, of greater magnitude and

IH:E]:::SI';Z::LL::l:l;cl(l]n::::t(IL\'LInpcd and developing nations.,
‘ st at about two-thirds of the population
ol the developing countries obtain their water from
contaminated sources. The World Health Organization
(WHO) estimates that each year 500 million people suffer
Irom diseases associated with unsafe water supplies. Due
largely to poor water supplies, an estimated 5.000.000

infants dic cach year from diarrhocal discases.
In addition to the human consumption and health require-
ments. walter 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 Engincering Aspects of Water Supply :
The planning. design, construction. supervision and

jance of walter supply systems to supply potable

1ave long been the responsibility of
e world. Civt!

maintel
water (o commumucs l
Civil Engincers in cvery country of 1l
Engineers with an understanding of water qu

3

ality manage-
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»

ment and sewage treatment and disposal. are known as

Sanitary Engineers. but they are also called Public Healtly l
Engineers or Environmental Engineers.
The important role that the Public Health Engineers have to |
play is to provide communities 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.
Many other factors concerned with aesthetics, economic.
recreation. and other elements of better living are important
consideration and have become part of the responsibilities

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

institutionalization, orderly observations, recording. and

analysis. and also upon the sound knowledge of hydraulics.

structural engineering chemistry and microbiology. The

planning, design, constfuction and operation of modem

urban water supply and wastewater systems are complex

undertakings. The entire works must legally. hygienically.
dcsthetically and cconomically defined. Since science.
engineering and technology have advanced very much there
must be support from Icaching research and prolessional

mstitutions T .
itutions deceply concerned with (he advancements of the

4
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1.3 History and pey

underlying sCicnces en
supply for the successfy
operation of

1] ey -

Eiheering and technologics of water
! i : :

| planning, design, construction, and

I]‘] L3
odern waler supply svstems.

clopment of Water Supplies:

Water supply T :
pply has its history, its archeology. its literature, its

science, | i
(s Chgineering and lechnology. There was no truer

sign of civilization and culiure without good water supply.
jq kl_mWICdge of history and development of water supplies
Is highly desirable to emphasize changes in practice. The
story ol waler 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 carly
Civil Enginecers. 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 carly times was derived
from large tanks excavated on minor drainage lines which
collected and scored the rainfall in the wet scason (o provide
a supply during the dry periods. Especially notable are the

structures  of water supply. drainage.  SCWCTAEC

>

and
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vimming pool of Mohenjodaro civilization in the Indus

s\
vallev. In Egypt. Babilonia. and Assyria flat countries
(raversed by rivers subject to floods. water was supplied by
s of open canals with large storage basins. Wells were

“mecan
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

Wells are also known to have bean used at remote

India.
periods in ancient Grecce 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 fi
deep. In ancient Greece and Egypt. deep wells as deep as

300 fi below ground level and wells ranging in depth from

100 to 200 fi 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

——
S

to the city from a large reservoir consisting of the three
| oo
pools of Solomon. built in three terraces. the heijoht was 40
| ft. abov . -
| . above the ground level i
. The conduits were rock-cut

¥ . . e‘fb \\r{- l‘L l‘ \'

masonry.

arge pierced
E¢ pierced stones embedded in rubble

L]
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Walter Supply
The water supply for the Cily

of Rome ig
. ; . S onc of the marvels
ol ancient limes, rarvels

The water wag brought from the
) aqueducts lotalling about 385 miles in
length. The firg aqueduct, the Appia, was 10 miles long-and
was built in 31» B. C. All of these ]
constructed along (he hy
the necessity

surrounding hills ip

aqueducts were
draulic grade line in order to avoid
for building pressure conduits. Iron pipe was

unknown at that time. Lead was the only material available

lo carry water under pressure as lead was not suitable for
high pressure. it was necessary 1o 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 per]mps‘lhc first modern city in the
world which at the end of the 16th century used lead pipes

for conveyance or distribution of water. Alter this, for many

years wood pipes bored out of logs came 1o be used and in

;
some parts ol Europe such pipes are still in use. 'i
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 1t safe.
P-cop]c suffered much [rom various water-borne diseuscsj_
The men who first raised the objection to drink impur:c
water and tried to purity it included engincers. scientists.

; . among
doctors. lawvers, writers and statesmen. Notable among
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neers were John Gibb (designed and construcied the

t”."‘.".l_‘.__*i'..-.«.s._
Slier at Paislev in Scotland. UK. in 1804). James

Simpson (designed and built 2 sizeable water filter for the
Chelsa Water Company 10 improve its supply from the
Thames River. Fngland. in 1829) and James P. Kirkwood
(designed and built the f{irst sizeable water filwer at
Poughkeepsie in New York: USA.in 1871).

Among the lawyers were Sir Edwin Chadwick (England.
1842) and Lemuel Snattuck (Boston. USA. 1830: 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 Cit.
1850) who demanded the purity of public water supplies.
Two researchers of medical profession of England also
accelerated the revolution against drinking of polluted
waters: thev were Dr. John Snow who in 1849 demonstrated
to the world not yet blessed by the discoveries 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. Typhoid 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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2oV c.r.nmt.nt o adop necessary steps to purily the water
supplied to the public in England (1850),
Therelore science inceri
¢. the science, engineering and technology  of
ul

modern  wafe o _
waler supply systems were contributed by the

combind ¢fforts 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
ninetcenth 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 stcam-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 !t
methods. Although some cities were able 10 collect sale i j

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  watershieds. \
Accordingly.  some  treatment  methods, such as \
sedimentation. were developed, which when properly |
|

0O b
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| applicd climinated the hazard to S0Me extent. The theory of
i . . — -
water filtration was conceived by the engineers carly in the
v Ll . -

5 St PN~ 0 hc c(}n\:inc = .
but city councils were slow t ed of

19th century.
% necessity for spending money

&l F
(reatment methods were not W

to save lives. and the
idely adopted untij

walcer _
mtroduced

about 1909. When slow-sand [ilters were
England in 1906, an immediate reduction in Ty

mic was further checked by disinfection
A still creater decrease was

phoid fever

occurred. This epide
ol filtered water with chlorine.
accomplished after 1920 by careful control over infected
persons. who had become carriers.

As progress and civilization . advance. the difficulty ol
obtaining water becones greater. because the population of
towns increases to such an extent that the existing sources
of natural supplies are neither within an casy reach ol the
nor are they sufficient. The

majority of the public,
manufacturing

requirements for municipal. trade and
purposes grow considerably. The sources were inadequale
and got contaminated in dry season and became sourccs of

danger. Cholera. typhoid. dysentery and diarrhoca were

found in cpidemic form. Hence. public water supply

| T
peak -

schemes. which could deliver pure water to the houscs.

industries, public places and trade centres. were mucntlx (el

by the authority concerned to be installed.

[l . % ¢ e -
1 our country, walel Sup])l}, on  fiedesn  Tiies

1S

comparatively of recent origin. The lirst water works for the

10
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supply o water 10 Dyeen City was completed by the Nawab
ol Dacea (Sir Nawab Abdyl Ghani) in curl;' cighteenth
Cf"l""}'- Alter this, water-works were constructed by the
Government at Chandpur, Chittagong and other places. The
water-works in Caleutta was completed in 1870 and those of
Bambay. Madras and Poong 1875, 1880. 1890 respectively.

y*{ bjcctives of Water Supply Systems:

he broad objectives underlying any water supply system

HI‘C-:,(J’) to supply sale and wholesome water to consumers:

f) i re 1 = 5

.(ZJ lo supply water in adequate quantity; (3)-to make water
casily available to consumers so as to cncourage personal
and houschold cleanliness.

In order that water should be safe and wholesome it. must
satisfly the criteria  of being, Icast 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 11
qualitv ol water. Standards of quality for drinking water a_

have been established by many countries now to ensure that 1
the water suppliced is really safe and wholesome. The first \ 4

objective as outlined above is fairly satisfying. To supply

water in adequate quantity would mean that the source ol e
L i
water supply must be so selected as 1o ensure that quantities .
of water as required by the community would be amply ll
available. further. capacities ol units required 1o store B

L

I
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requisite quantity of® water for continuous supply must be
sullicient. To make water within the easy reach ol consu-
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 system could be

fully relied upon to meet the continual requirements of

consumers at all hours of the day.

Elements of Water Supply System :

The water requirement ol a modern city is so great that a
svstem capable of supplying a sufficient quantity ol potable
water i1s necessary. The [irst step in the design of a waler
supply system is the determination of the quantity of water
that will be required with provision for the cstimated
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 to city depending on the
population. climatic conditions. industrialization and other
factors. In a given city. water use varics Irom scason (o
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 clements of a water supply system are as
follows : &5 Source of supply : £ Collection system: 25
Treatment or purification plant: and (A3 Distribution system.

12




© vacuum cleaner picking up all the

supply.

Water Supp])."

Source o
ourcs [ Supply : All waters come in the form of
precipitation. It is evaporate

‘ d from the ocean. condenses Lo
form clouds and [inally

falls in precipitates over land. As the water
alls in the [ -
¢ ¢ form of rain or snow or sleet or hail. it acts as a

e — —

- Need] dusts and dirt particles in
air. Needle ; + Five .
ar. €S5S to say. the [irst water that falls from the clouds

picks up the greatest concentration of contaminates. Afier a
short period of all. the precipitation is relatively free of
contaminants. When the water hits the ground. a portion of
its runsofT 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

(2) 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 maiter, minerals and other
polluting substances. Surface supply is generally obtained \

akes. ponds. reservoirs and occans. Since | =

from streams. |
r is highly polluted it needs extensive treatment.

surface wale k‘
(b) Ground Water Supply : The surlace water which seeps \

into the grouml is designated as ground water or sub-surlace

{ travels through the surface layers of the carth. 1l

water. As i

als and a few organics in solution. Ihe

picks up-some miner
‘ s e = " o lves :
micro-organisms_and particulate _matlel ind themselve
: i Thus, it is found that -
iltered out in the upper fayers. [hus. it is Tound Hl E

being |

—
LS
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oy (0 below the earth's surfiee ;.
aken far bele face arg

[ ol

oer vaters 1
most ground : T
J These walers are usually relatjy cly

[ *microorginisms.
[ree of microorganisims. | . .
aminants. Needless 1o say

low in mincral and organic conl

ground waters are usually preferred as sources ol drinking .

———

and galleries o

LY x &l 5. o g S
waler (o surface walcers. Springs. well

the chicl 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 ol water
available is abundant. However. since the rainfall may not
be uniformly spread throughout the year especially in the
casc ol 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 1o 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
arca 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 (hat in the case of surface
sources : the effect of rainfal now being most indircet. and

depcndmg upon the available undcrground storace and the

14 ' |
' .
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geological formationg of the substrata i.c. permeable or nop-
permeable. Incase of shallow wells and springs, it is casier
10 get supplies by tapping the upper water bearing strata but
such a storage may be temporary and fall off during dry
SEAS0N - resulting in the  failure of the-source. The
underground supplies drawn from greater depths i.c 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 whercas the
ground walers are generally free from the suspended matter
but are likely 1o 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
walers are not considered to be safe for water supply
without the necessary treatment. Ground walers are

comparatively saler and it for use with or without minor
treatment only.

The rain water is soft. has a flat taste and is free from
contamination. As, however. rain falls through the air. it
collects dusts and gases from atmosphere and becomes
infpurc. Where rain water is collected in storage tanks, it

may pick up impurities and thereforc requires to be

15
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oo, However beeone

| belore use Of drinking | Cluse I,

isinfeeted bt . el an excellent use fop o ©

f.hh{ ire of the water. it finds an ! “dgh‘l“k
soll nature h
WITPOSCS, . e T o
iy for varies in quality. This variation i Catseq p,
iy . . v o b
or the maxmmum and minimyy, Moy,

T[ll.' I'i\'L‘l' 'Wﬂ
a _) S. . 2 ; .

the preal dilference
ow 1§ Ciausc
y and bacteria due to the surface Wagl

¢ minimum flow due 1o the Now, o

The maximum {1
increase in turbidit
brought into the river. Th Hlow
eround water into the river., resulting in the decregg, of
lhurbidily but increase of dissolved impuritics. The fiver

water is also usually found to be contaminated with sy,

or industrial wastes from towns and cities. The river wy;
therefore. must be throughly treated belore 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.
of.{icc[ionub]c In one way and this is that it creates-growth of
Microscopic. organisms  in waler impairing its generd
quality. Aecration and  chlorinag . .
ation arc thus normall

rc( L. < " . p . ]
jurred before water i considered (i( for supply

The qualiy
ity of Erotnd We : ;
dl(.‘.l" 1S C[)I-l-l AT P, g I '“'u..l'
Thic : ‘ aratively much be
Chis is due (o the Ras ’
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passage through the porous underground strata. The

ological formations with which water come
also

ce i

= ; $ 1mto contact
l o’ - L ®

MPArt 10 it centain qualities like sofiness or hardness.

The bacterial content of waters from springs. infi
galleries and deep wells is usually
action involved. Ip

Itration
low due to the straining_

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 : (&) Quantity, Lb‘f Quality and ,@f‘)’ Cost
Mua tity of water available from the source should be
sufficient to cater for the needs of the town or cily regarding
e St e B e

domestic  service. industrial demands. fire fightine
N—#V“‘———Wmmw

requirements and other public uses. The quantity of water

.upplied should also include the design requirements. which
neans the calculated quantity would be somewhat higher
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 qua iwqualltv of water are prime CW]S

i i » source of supply. Cost considerations
(in the sclection of any source of Supply.

regarding the development and operation of water supply

are also significant. T_IBVCDSI of supply would depend

17
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is such that the walter flows by

L R T N Y
c_pumped [irst before

less in the [sL case.

whether the syslem f supply

gravity from the source or it_has
supplying. Cost would, naturally. be

The cost_shall also depend upoh the dist
(he distribution system.

of conduits and other
ater supply

ance between the

- Lonper
sourcc of supply and ger
distance means water €o0Sl

appurtenances required. In short. the cosl ol w
ared to the number ol people

must be reasonable comp
alue of property

served and must bear a fair relation to the v
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 ycars.
2y Collection systems : The collection system is a sort ol

engineering works designed to convey from a source o a

freatment_plant. The following are essential units in a
collection system: (&Y Intake, (byTntake main, LT Aqueduct

or Trapsmission main, and };L)/Pumping station.
Iptdke : An intake is a device or a structure placed in a

surface water source to permitl the withdraw! of waler from
this source and its discharge into an intake conduit or pipe

(intake main) through which it wn]'l flow into the walter-
works system. Intakes are of pirimary importance. In
general, they consist of the opening protected by a strainer
or grating through which the water enters to the intake main.

[ypes of intake structures consist of intake towers

submerged intakes, intake pipes or conduits, movable intake

18
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e by Py

and shore intakes e
‘ = ““ulku:_!nml\c structures of the inlet end of inlet

conduit s SRR .
IS neeessary o protect against current and wave

Nloods age ipati i
. ‘ ods. stoppage, navigation, pollution and other
interference w

action,

] ith the proper [unctioning of the intake. Intake
should be so located and designed that the possibility of

interler 1 : sy B
rference with the supply is minimised to the greatest

possible extent.  Where uncertaintity of  continuous

serviceability exists intakes should be duplicated. The
following factors must be considered in designing and
lpcating intakes : (¥ Location of the best quality of water
available, (i) Possibility of wide fluctuations of water level,
/_(aiﬁ) Characteristics of intake surrounding, i.c . depth of
water, character of the river bottom, navigation

rcquremenls,' the effects of waves. currents, floods and
storms upon the intake structure and in scouring the river
bed and banks, () Formation of shoals and bars. y/)
Possible’ sources of pollution. and (vi) Provision for
excluding possible floating materials like logs and
vegetations.

Intatic 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 engincering 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 waler. In general, the dL‘SIgI}r—OI the
governed by the principles ol engineering

xtent than any other part of

pipe line will be
economics. perhaps to a great ¢

. the water supply system.
: A pumping station is essential for

mping Station
through the intake to allow

pumping water [rom the source
water to flow by gravity through the transmission man 1o

the treatment plant.

‘/(4{ 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,

Jiron. corrosive qualitics, 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 1o

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 a

careful examinanon of local data and conditions. plan.
design and supervise the construction of a plant that is
capable of producing salisfactory water. He must also so

design the plant that the correct operation is casiest and

20
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most logical. Adequate treatment is necesg
use ol polluted water ¢
spread ol many

ary because the
an be an important factor in the
discases

TN

\_/Ir)’ff.slnhutmn System: The distribution system is needed
to_deliver water to the

individual consumer in the required
quantity end under a satisi

System is often a major investment of a municipal water-

works. This includes: !;0 Various pipes that convey the
water to the consumer,

actory pressure. The distribution

Storage Reservoirs that are
provided 1o aid in the distribution of watcr,}é Pumps and
necessary equipments. and ) Fire hydrants, valves, meters
and other appurtenances.

«lﬁﬁicaliun of Distribution Systems : There are three
gencral methods or systems for i urnishing 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 elevation 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 [lows 5}* gravity through the mains. In a direct
pressure system. the water is pumped directly inln'lhc
mains. These methods may be combined, or may merge into

. P e ik : le.
one another and therefore, the classification is not absolu

21
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g a dlSlI‘lbllllOt‘l system iy
details of the sysieny,

local topographic

designin
. : he
essentially the same 10 cach casc. T ;
. an
are  determined largely bY cost ¢

The procedure in

1CS.

charactgrt
: For

Ssure Requirements in Distribution Pipes

s. the necessary pressure of water

genceral domestic purposes. Valg
usually indicated by an ordinary

in the pipes, which is
ut 30 {o 60 psi. However, iy

pressurc gauge s abo
in hlll}’ or
in prcssurc may be necessary in the

the pressure for domesllc purposes

communities built mountainous districts,

considerable variation

pipe lines. In general,
should not fall below 20 psi and should nol exceed. 120 psi.

Where the conditions are such that, variation in pressure

would otherwise exceed the given limits, it 1 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 areater rate and.
to be effective in fighting fire the water must issue from the

nozz-l(el: of a fire hose with a sufficient velocily to @

considera ; .

the forei ble height. When the Pipe pressure is dependent on
orcing water through a hose (0 a fire. g pressure of

least 80
to 100 psi is nu:ded in_the pipes. Thercfore it 1

often cheaper,
per. especially in large cities, (o use fire engines

~J
D
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for providing extry pressure

in case of fire, and to i
| . rovide
lower pressure p b

In the pipes for ordinary occasions. Like

many

u! s for its solution a carclul weighing of
conditions and costs.

Distribution Reservoirs : These reservoirs provide storage

of treated water 10 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 1o
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 COTrrosion
resistance. Cast iron, concrete, asbestos-cement. PVC /
polyvinyl chloride) and G.L (Galvanized Iron) pipes
smaller sizes, while steel, and R.C.C.

> "

compele in
(Reinlorced Cement Concrete) pipes compete in larger

sizes. |
" -~ ' 2\ 3 [ ¢ :

All the Essential elements of a water supply system or e 'I
|

city in diagrammatically shown in the Fig. 1.1. L

ﬂ
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Treatment Plant

JE3ES
gieid
s

Delivery Main ?E
Suction | Llevated Reserygy,

Main

Distribulioy Systen,

g 1.1 Essential Elcméms of a Watcr Supply Systen,

_Uéanning a Municipal Water Supply System :
In general the following musl be done in planning 4
municipal water supply system;
/() Estimate of the future population of the community and
study of local conditions to determine the quantity of water
which must be provided.

Location of a reliable source of water of adequate
quality.
/(aj' Design of a suitable collection system.

}lj Provision for the necessary storage of water. and design

. of the works required to deliver the water from its source 10
the community.

,65 Determination of the physical, chemical and biologic!
characteristics of the water.

) Design of various units of the treatment plant.

24
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Design of the distribution system, including distribution

/ TCSCIVOLFS. pumping station, clevated storage. layout and
location of fire hydrants.

151 ey
Sl MTOViSiOH for the establishment of an organization which
will maintain and operate the supply, distribution and
—— treatment facilities.,
System 1.8 Conclusion : |
stem Modern civilization is far more dependent on water than |
were the civilization of the past. Modern water supply and
sewerage cngineering together with modern medical science
& 4 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
and more attenion to water supply, storm drainage and
ater sewerage. Industrial Progress finds increasing uses of water
in process industries, for steam generation, and also for
ate electric power production. The emphasis of water supply
engineering shifls more or less steadily and continuously. |
The development of civilization has increased the ‘
1 importance of water supply engineering and there is no
15h prospect of a line of activity in this field in the foresecable .‘ i
2@ future. More efficient methods in planning and design and
better construction materials and process for water supply
cal | systems for urban and rural areas must be utilized to make |

the svstems more efficient and to reduce costs so that water /

supply projects may become cconomically feasible.

25
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QUESTIONS

ater supply engineeripy
= |

Ty
.1 importance 0f W
l:'[?.’(hlﬂlll the impo , nt-ll,
life BUET. 1962.68. -
' sl « history and developmen .
Write a short €553 on the | ) Pmeny of vy (R 2.1 1t

q -
= i b I _')- L
supply'engineering. BUET. 196 C
PTR T incering aspects of wayer . is
i | 3. Discuss briefly the engn B A3 aler Suppi, v
i BUET. 1964. ‘
| nlain briefly the essenti: ¢
! ” 4. Enumerate and explain briefly t sential elemey, 0, (

il . . . .
| water supply system for a city with the help of a ney skeye ¢

BUET. 1963, 66, 69. 70. 72

 Enumerate the factors to be considered in plannip, |

L 3

| manicipal water supply system. BUET. 1970. 72,

Health". BUET, 1966, 69, 70. 73.

i \{ 6. Write an essay on "Water Supply Engineering and Put,
]
I
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. ,
"t URFACE WATER COLLECTION AND o sty
. S TRANSI'ORTATION Lypical

4.1 Introduction :
Surface water is
canals. ponds and scas.
engineering works designed to conve .
to a distribution system via reatment plant and includes |

intakes, suction pipes, delivery pipes and pumping stations, | N

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

collected Irom rivers, lakes. reservoir,

The collection system 1s a sct of
y water from a source

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

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

advantage of deep water a stable bottom.and (avourablc
waler quality, l

NV all wrlh proper reference to protection against
00ds. debris and river traffic. Where (hc river bed shifts or

Intake pumps may be mounted
Up and down on the river bank

e — o —

depth of flow varies greatly
on carriages that are moved
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l“ sl“ ) . . ol " . . o
3 ¥ within desired suction lift as Nows the and fall. A
shown in the Fig. 4.1,

Btabil E_l
it s Tl'lnf\ihm Dank
-
Water Lavel VI I I — tacinign

typical river intake is

.
177 r T ___f:!"\ﬂailuwn\n!
-—-———_._._+._ = _ distharge
Igh p - |
i b Pump Calumi
Imnun
Innor coalng
Intarmndintn
Lovel inlako e . QOular cosing
Low =

=
-
TY T,

Lovol — e b =
Intnke B 2
v
Ty M e o e

Fig. 4.1 River or Lake intake with vertical pump

Lake and Reservoir Intakes : Lake intakes are sited with
due relerence 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 (IFig 4.2).

Gale Houso .
Froa Board Roadway
wator Lino \i__ —
hoerd Top Seil
T - A &
—————— s Ceel T
High Levol —*
Intako PRI e G U
PR by (o
-] L Imparvious -,
i T ey Roc oo
Lovael e \ Moasuring
Intako ‘ Dovico
Low n L :1:1:

.
e .
u gF . -
i—— ;
e fidiidiisiiddd d IR PRI TT Y PP IFIYTITFFTVLE

ica Golo
m:ﬂkﬂ Conduilr Sica

i 1 ded
fig. 4.2 Dam and intake tower for an impoun
e Surface water Supply
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I |
| X - Shﬂllhl I )
. Intake entrance s R |
" % Dcpths N = — '
_ Intafie Velocitics and !m 4 10 6 [ above (e | It
. hi ll:‘r Sur 3 | \/l
< 1 helow the Wi gy ‘
10 to 15 ft be oor to keep bottom sediments out of . iy
oor |

river. lake or rescr olr

= I I-IP .

. e [ :
5. vegetation debris and other | }2/
1

intakes an i
c. At such low yvelocitie

__-—————-# -
* ‘c - T ‘
e “ atrained in the flowing waler. fish and
materials are not enlral ‘ |
: i |l able to escape from the intake
other aquatic lives are Well « . .
i .ns of 2 to 8 mesh to an inch are
cureent. Gratings or screcn = L
provided at the intake-entrance. ,
Intake Pipe and Pumping Station : Intakes are connected
1o the banks of rivers or 1o the shores of lakes and reservoirs

(1) by pipe lines (often laid with flexible joints) or (2) by
tunnels blasted through rock beneath the [loor. 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 1o
heavy loads and to stresses caused by consolidation of the
foundation.

Intake pipe are designed to operate at self cleansing veloci-
ties. 3 10 4 Ips. Flow may be by gravity or by suction. Pump
:.vells are generally located on shore or banks. Suction lift
including friction should o exceed 15 10 20 0. T

Accord.m'gly, pump wells gre often quite deep. The i
determining factor js the elev |

e
.

ation of water level in the
of droughy,

 ——

river, lake or ICServoir in fimes
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. Design Considerations .
'mporiant considerations for designing an intake - .
y('} Selection of o particular type for the given source.

(2) The magnitude of the external forces (waves. currents

am? blows from Hoating and submerged objects) to be
resisted by the intake,

The following are
* r

Consideration of the total lift from the source to the
treatment plant and selection of a suitable pumping unit.
Q/JDctcrminalion of the total length of suction and delivery

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

}%Se]eclion of a suitable screen to provide around the

intake pipc not 1o permit entry of large and small

objects. such as logs, stones, aquatic lives and
L —— -~
vegetation.

(¢} Installation of intake valves or port holes at 2 or 3

different levels to get the best available quality of water.

climinating seasonal fluctuation of water levels.

W Detarmination of cost-benefit ratio. To reduce the cost.
the intake elevation is often made higher sa that the
water flows to the treatment plant by gravity.

(f{ Assurance of the safety of the intake structure. prm'ision
! n and installation of standby units of

future extensio

pumps.

" F-10 145
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on of Water: 'i

. rtafi . F |
4.3 Transpo sportation ol water from T The

neements for the tran

The arra ‘ The
r supply to the ireatment plants and subsequey, il

source O \ _ \ e
distribution to the consumers form an important part of ), 92{ m
istributi ' |

ly usually being wil

r-works system. The source of supp

watc - o X
some distance away from towns and cities. it is necessary |, (> Th
construct structures for the transportation of water. Theye 1.1:
structures are know as pipes or conduits. There are (wq W 1
general classes of pipes: (1) Pressure pipes in which the 5 %
water flows under hydraulic pressure. and (2) Gravity pipes -
(open channels ) in which the water flows by gravity. “t'
A pressure pipe is also defined as a pipe flowing full. Such (M]

pipes are often less costly than open channels (canals and
flumes / because they can generally follow a shorter route. ' AT)

water by seepage and evaporation which generally occurs in
open channels. Pressure pipes are preferable for public
water supplies because of the reduced opportunity for
pollution. | (8
The open channel may take the form of a canal, {lume.

tunnel, aqueduct or partly filled pipe. Open channels arc

If water is scare, pressure pipes may be used to avoid loss of \
|
|
+

charcterized by a free water surface, in contrast to pressure M
pipes. which always full, \ : - at
* | TV

1.4 Pressure pipes: L3

146
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They should b - v
¢ made 2ble ks
. }'ﬁlcakugc o ILFL of [durablefmaterials] so that no 1
= p l £10p causing wastage of water. p:nf
| 1ey should be etk : ; "
52( ol ¢_Strong and of sufficient thickness to
withs inte S
WT] . and both internal and external stresses,
1e Inner s > - ‘
__-_u_ri_'z_li:v., of the pipe should be very smooth so '
that the resistance 1o flow is minimum. a |
V’j The pipe materials should not impart any physical or 1
chemical effects to water. L
[
(;»a/ T'he pipes should be light so that transporting, handling :
and laying the pipe under different conditions of
|
topography. geology, and communication become casier

(/(nyou initial cost and maximum service period of pipes 1_
are desirable.

l
q
A7) The pipe materials should be so selected that annual '

maintenance cost is low, joints can be made casily. offer i

adequate resistance to the corrosive characteristics of

soil and water and highly skilled labour is not required -
for their laying and construction.

(8) Tic pipe sections should possess good hydraulic
properties.

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

in the selection of pipe materials but availability of skilled

¥ : 147
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iion and accessibility of the site My |,
Jabour for construc I very m
ctors. ! e p_rgM
¢ : Steel pipe has been us.ed 'in all sizes uﬂf_’-_'l*ﬂ-'-; ﬁ
"0 20. fi. in diameter. Steel pipe in sizes of 1 to 7 ch iy . is app!
diameter is ofien a continuous tube fonnf:d by drawing Over it
Wn sizes under 42 inch. steel pipes are ofien Mads | Caste
of long. narrow steel plates which are bent to shape g | water
welded or riveted along a spiral joint. This type of pipe by, and ¢
considerable flexural strength. Larger sizes are buil on the pipe.
job by welding or riveting steel plates. Steel bands are
stiffening ringe are sometimes provided on larger stec] pipes 60.6
to aid resisting bursting, pressures. The working stress for | is 1
steel is usually taken as 16,000 psi. Steel pipes are made ii pipe
much thinner than cast iron pipes because the material i pre:
stronger. is more uniform and can be more easily inspected | arc:
and the defects are more readily located. a'_]_c
Buried steel pipes are not usual provided with expansion di
joints since they are not subject to large temperature CO
Changes. Pipes exposed to the atmosphere may. however. %
require expansion joints to minimise temperature stresscs. i:;‘
In the Tange of sizes encountered in engineering practice. | b
.steel; P:pe sizes vary by 3 inch Increments from 12 to 30 te
.mch diameter and by 6 inch increments from 30 to 72 inch .
In diameter. The interng] dia -

meter of steel pipe depends on

the wall thickness, The life of any pipe m

aterial depends \
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very - i
Yy much on the conditions 10 which it is e
properly protected siee

. xposed. but
Pipe should have g life of at Jeast 40

YEiis Under ordinary conditions, p

1ore o
L i - rotection is commonly
B provided both internally and extern: ) nl;
dmn N » ¢xternally. The internal coating
<t s applied centrifugaly and the ex o
vor _ ¢ external coating is painted or
sprayed onaPihe same time the inge al Tining i
el e b: cmal lining is placed.
AXi-1ron ipe : Cast- 1 = -
nd ‘ pe : Cast-iron pipe s widely used for city
| water supplies because of s high resistance 1o corrosion
as cque -
i and conscequent long life. Under normal conditions. castiron
] b i L AT Nogaye Tellft]
e pipe can be expected 1o Jast 100 vears. Standard pipe sizes
Or are 2. 3.4, 6. 8. 9. 12, 15, 18. 21, 24.27. 30. 36.42. 48. 54.
S 60.66.72 inch in diameter. The usual length of a pipe section i
W is 12 11 but lengths upto 20 ft can be obtained. Cast-iron Sy
N T o‘.‘..
B pipe is made 1n several thikness classes for various ke
.
N pressures upto a maximum ofl. 350 psi. [ts main advantages 'l L
| arc durability. resistant to corrosion, case of laying. joining 1
1

l and admitting ol junctions. Casl-iron pipes are usually
dipped in a bituminous compound for protection against
corrosion and to improve their hydraulic qualities; larger
size are provided with a lining of cement mortar.
: ConeretePipe @ Reinforced cement concrete pressure pipe o |
systems. Such pipe g

3 is penerally used for large water supply
dvantage of good hydraulic propertics and the pipe
ulation and corrosion. When the pipe 1s

F has the a

Is resistant to tuberc
1d laid. the leakage is small.

properly made ai
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ble In gizes upto 72 inq;i
n-

availa
have been reported to by, '
— Ve |

ast conerelc pipe 15
and sizes upto 180 inch

| order. All concrc
.1 diameter. The reinforceme,

wound wire or elliptig

ent usually consists

[’rec

¢ pipes_are rcini‘nrcm

diameter
made on specia
under 12 inch
form of spirally
‘the reinforcem
[ the better control in

except in sizes

may take the
hoops. In large pipes

two cylindrical cages. Because O
manufacture, precast pipe is usually of higher quality ang

need not to be so thick as cast-in-situ pipe of the same size

Because of the nced to move plant and forms over lone

distances, casl-in-situ pipe is relatively
normally used only for pipe sizes not available in preeast
form or where transportation difficulties make use ol precast
pipes impossible. Concrete pipes should at least last 40 to
60 yrs under average conditions. Alkaline water may causc

expensive and is

rapid deterioration of thin concrete sections. Concrete pipes
- |

carrying v : '
ying vaste water may be subject to sulphide corrosion

and may be :
y be short lived unless proper precautions arc taken. |

Nowaday
ays, prestressed concrele pressure pipes are usced in
water supply s ‘ -
sten : -
pressure and i }’d 1s. This pipe withstands veiy high
S5d Vﬂnl{lgcol d : =
1s because it :
and weighs ¢ ; it requires less stecl
s less. B : )
ut 1t 1s costlier because special high

strength  steel
and techniques are  requi . B
manufacture. arc required in 18

Db

e —————

fron]
10 2
sire
cen
arc
E_’
n

A

C
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510 cement Pipe
from\asbestos. silica.

Asbestos-cement pipe is made
and cement
to a dense. homogeneous m

strength,

converted under pressure

- aterial possessing considerable
¢ asbestos Nbre i ]
asbestos fibre is thoroughly mixed with the

cemen einl
1 and serves a reinlorcement. Asbestos-cement pipcs
arc available in diameters from 3 inch to 36 inch in 10 to 15

[t lengths. The pipe is manufactured in three different grades

intended for biternal 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 cnough 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 lcad or

sulphur-base compounds. It is easily cut and tapped. drilled

and treated for scrvice connections. The hydraulic cfficiency

of this pipe is high. It is highly resistant 10 tuberculation.

Terustation. and corrosion, The pipe is casily damaged by

excavation tools and docs not have much stren ith In
bending.

m-clav-l’ipc: Clay pipe 1s not often used as pressurc

I i i rstems for

pipe but widely used in sewerage and drainage syslems -
p i ' . of clay pipe 15

flow at partial depth. [he main advantage ol clay pip

¢ i ' ife and 11s
that it is virtually frec from corrosion, has @ long |
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:des high |'I}’d|."illl“C efficiency. Use of
rovi
cc P e is usually P

e difficulty of

smooth surfa revented by its /.

. =

securing walter tigly,

joints. made in 3 105 ft lengths,

Clay pi
Inside diamelers vary
inch diameters. greatcr tha

) only
most commuiiis ,
pe 12 by 2 inch increaments from 4 10 12

n 36 inch is rarely uscd.

Chloride) Pipe: PVC pipe s
| choloride. resin and some

pve” (Poly vinyl
manufactured from poly viny
stabilizer. It is manufactured fo
and pressures. These arc specified by

have to be strictly followed. The pipe
al effects on the water flowing through it

r wide range of dimensions
the manufacturer and

material does not have

any detriment
These pipes are very light and casy to handle.

They are highly resistant to tuberculation. incrustation and

corrosion. but not resistant to temperature exceeding 150°
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, 1. pipes arc generally
.uqsed [01: ‘scrwcc connections from distribution branch lines.
[I Ilw;- oi‘lcr greal .faCllltl(;‘.S for fitting and fixing branches.
cu;nkb. for rt.tductljon in sizes, for fitting and fixing taps.
CkS. ete. Pipe diameter varies from 1/4 inch 1o 12 inch.
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arger diame '
larger diameter PIPCS Up 1o 18 inch are

o , available g
very costly. For acigi. e { but they are

r. the ine
poisoning. these PIPEs may cause lead

Miscellancous Pipes

Other materi 1
| alerials used for pipe
include-copper., wrought iron, plastics

Icad. Copper and wrought iron
pressure pipes. Coppe

asphaltic fibre and
are used for small diameter

I 1S quilc expensive bul may be
. advanlageous 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.

4.5 Corrosion of Metal Pipes :

Metal pipes are subject to corrosion. Corrosion is a
phenomenon by which metals and their alloys are attacked
by the cnvironment consisting of chemicals. There are
mainly two types of corrosion in pressuse water pipci. (H
External corrosion and (2) Internal corrosion. External
corrosion is caused by external agents like biological action.
oxygen. eltc., and the internal corrosion is  generally

attributed primarily to the nature of water which flows

through pipes.
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jronment Upon a metal reg,
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ck ol an €NV .
d the formation ol COrrogjy,,

The chcmicnl alta
in the oxidation 0

usually

{the metal an

the oxids. hydroxides.  carbongy,,

ost casc. corrosion product is inso]uhh.

nd forms a separate phase on

products.
sulphides. clc. In. m
in the environment &
adjacent to the metal.
ply as the process by w

Hence. corrosion may be delipgg
hich the metals and their allgy

sim :
ctrochemical means. g,

estroyed by chemical or cle

arc d
als, corrosion 1s of two types:

according 10 reaction with met
(1) Chemical corrosion. and (2) Electro-chemical corrosion
(Electrolysis). In its simplest from. chemical corrosion
oceurs when iron enters solution as positive ions and
combines with the negative ions of water to form ferrous
hydroxide. If the water contains oxygen. the ferrous
hydroxide is oxidised to ferric 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 impermeable and some corrosion usualls
e
pines results in the C agent\_ Corrosion of metal
ormation of tubercles of ferric

hydroxide > insi
ydroxide on the inside of {ho pipe. This deposit (known as

roughness, thus ¢
e : greatly-reducing (e hydraulic carrying
apacity. Cast-iron pipeg d e
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W aler h]]‘]pl}.

apacities reduced  ae
I ‘ educed as muyely a4s 50 percent in 5 ve
tubercualtion, ¥ s by

Corrosion of ’

% [ A aa

Blectrolvsis & netal pipes may result from  eleetrolysis

dlectrolysis is oflen ence VSIS,
ten caused by the galvanic action resiiting

when two dissimilar e 1
Issimilar metals are immersed in water. The rate

of Llu'tml}”.““ ‘dL‘DL‘hdS on the dissimilarity. of the two
metals as .lll{llcalcd by their relative position in the
L‘[.L‘C“'Oﬁhcmlcal 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 svstems between pipes
and fittings of dilferent 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
to electrolysis.

The following are some of the important causes of corrosion
ol metalpressure pipes :

ditting : Localized pitting is usually causcd in metal

pipes by the concentration of electric currents resulting
from the potential dilferences on the metal surface which
This process is also accelerated by dissolved

accelerates.

oxveen content of {lowing waler.

of Acids and Alkalics : Acidity or alkalinity

(2) Mifluence
pes will help vigorously 10

ol waler passing through pt

corrode pipes.
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r Compounds: The infleune, of

it

is harmiul. Tt hyy beey, \
'

+ compounds

- Cs i .
o of sulphide particles raised ),

sulphu .
l resene

reported thit the
Tom 2
_proportions cousing rust |

of sulphide is
sulphide which accele

The effey |

the liberation ol hydrogg, g

almost duc 1o g .
rates the attack of acids on the pine

metal.
n: Soil contains various types of

) Biological Action: . . -
bacteria both_acrobic and anacro_lglc. Ccrtaw

bacteria are capable of rendering the oxygen present in
& LY

sulphates. nitrates and carbonates available for the fre

oxygen and thereby corrosion will proceed pace. The mos
important sulphate reducing bacteia (Vibrio desulphuricans:
which can cause serious attack on buried pipes when three
conditions are satisfied : gpf Absence of oxygen as in many
Presencg of proper food (organic matier)

claycy soils
and other environmental conditions needed [or tlu. arowth ':

of bacteria and (€) Presence of large amount of sulplmlu

These conditions occur in many calyey soils and lead (o

intense  corrosion product js black iron sulphide. I

subsequently the conditions become iron

! acrobic the
sulphide is oxidised to forric sulphate, whicly accelerates the
corrosion by acting as an OXygen C'micr
liberated in the

" acid is said to be
OXI
15 3-Sewhic] alion process giving PH values as low
¢ ‘NIch r

may_also stimylgye the attack. Sulphate
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reducing bacteria cause corrosion of |

work ‘IIT absence of OXYEEN Lo react with sulphates and with
organic  compounds containing sulphur in the soil to
produce hydrogen sulphide. B
directly. The hy

crrous metals. They

acteria do not attack the pipe
‘ drogen sulphide combines with irons 1o
form compounds of sulphur iron or it combines with water

to form sulphurous or sulphuric acid which corrodes the Vi
pipe materials. :

i
I
\ﬁjévimtion : 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. \
emperature: The increase in temperaturc accelerate

the rate of corrosion. The rate ot corrosion in water pipes f

may be increased three or four fold by raising the '

temperature from 60 to 150°F.

of Flowing Water: As the velocity of the

increases from linear to turbulence type.

clocity

water in the pipe
the rate of corrosion is sharply increased.
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rosion Corrosion 1n waler pipes i
L8 -'L""&, ;
S 4

|oss. Both direct and indirﬂm I
Sstg

Effects of Cor
ast and undesirable. Replo.:
upluc,”g

ccnnomic
1 corrasion
ter mai

greal
resulting fron
d leaky-wi
Corrosion

are v
a corrode n by the road side iy y
- RN

difficult and costly.
d results in increased ¢
ains. Leakage in domestic plumbing fixy

Allres

y the replacement but gy,

greatly reduces the pregg,
- - e IrL‘
ost of pumping and short Jjf
¢

head an

of the water m
due lo corrosion involves nol onl

repairing damages 10 walls. Moors, etc. Rusty water d
' o e 1o
corrosion causes strain in cloth after washing, prod

’ uees,

unsightly marks on the plumbing fixtures and unsuitable f
4 [ or

domestic uses.

C rDl ﬂf i 3 .
H L 0 c i 1 » 1 t |
L8 ] ln

lead paint or zinc pi
used on the ciﬁ?ol:ls;n:;];s:fer some protection and are
o r— metal pipes. Other metallic
chromium coalin:ss ai;e n_coatings,, nickel coaliljll:
dipping the pipe in m copper_coatings. Galvanizing hb.r
control exce _ olten zinc is an effect - E' }
pt for highly acid cclive corrosion
vaters. Galvanized pipe is

but is
100 expensive for large pi
pipes,
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commercial bitumi
bituminous compounds are available for t
hot and cold application. ‘ or both

4.6 2““:" F‘"‘mﬂliﬂﬂ In Pressure Pipes ¢
cale formation in w : . :
of dissol\::ll 0::1:::0‘;":1"31:12:::;5 'I':‘l:l - .dm: N u“i i
- ) € pases 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 uscs.
The impurities which are mainly responsible for scale
formation in water pipes may bc classified under two heads:
(1) Dissolved mineral matter, and (2) Dissolved gases.
Dissolved mineral matter include the hardness producing
substances, i.e.. carbonalcs, bicarbonates, sulphates and
chlorides of calcium and magnesium, and silica. Dissolved

gascs include carbon dioxide, oxygen, nitrogen, hydrogen

sulphide and methane.

Control of Scale Formation : To control scale formation n

pressure pipes, water is softened. The chief objective of

(0 remove dissolved mineral compounds
gs and which deposit. scales in
¢ heating system- ‘cause
including extile

water softening is

which constitute the hardne
lers and hot waltc
many processes

water pipes. bol
serious difficultics n

b
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: . making, co . |
128 cannifig: paper T = Id dflnk:\ Ik
and others. |

jye Proccsses by which Seal
L

finishing. dyein

prcp:lralinn. fann
The following arc
g minerals and

ing |
{

the effect
are removed from water . (0, H

gascs
(2) Zeolite process, (3) Phosphy,
1 process. All these processes

formin
Lime-Soda processs

process. and (4) Lin . |
dicussed in chapter 8 (watcr purification ).

orees Acting on Pipes
Pipes carrying water under pressure must be designed

withstand stresess caused by internal and external loads, ang
temperature changes, and to satisfy the structural ang
hydraulic requirements. The forces are :
. Internal force; due to static head
/2./ Internal forces due to water hammer
/"./ Forces at bends and changes in Cross-section
_# Forces due to temperature changes
;/Extcrnal forces in the form of backfill, traffic and own
weights,

Internal Forees dus to Static Head : Internal forces due o

static  h
cad create hoop stress (transverse stress of

circumferential stress and longitudinal stress |

Hoop stress, Sy, = pd/2y. 4.1) | t
whc.n: S = hoop stress per line
P = Intersity of stalic pressyre
hiis the static head

ar length in inch of the pipe-
d In psi=wh, in which
an i :

WS the unit wi of water.

160

d= pi,-
1=1hi

l.ong

Wai
vat
its
bar

OCt



Jri]]ks
Water Supply

Scale d = pipe diameter in inch,

t = thickness of the pipe shell in inch,
| Longitudinal (tensile) stress. S= pdz."[’-h(d'?*l.] (4.2)
| = pd/4t (approximately) (4.3)

dre | :
H‘m; : One of the most damaging factors to a ? >~

valer piping system is water hammer action. In addition to -

Jh;nu

. its effect on the piping system. water hammer causes
banging noises in the system that are verv disagrecable to

ind ‘ ildi :
occupants 1n the building. Water hammer occurs when a

In : . e : -
d colum of water flowing thsough a pipe line and discharging

R X

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

in all directions in an equal way.
Phase 2 : The valve on the line is open and water flows

freely through the open. outlet. Now the water pressure is

e water out of the open end of the pipe.

utilized to force th :
of force in the column ol 1

Arrows indicate the direction

walter.

.' F-11 161
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is qu
Phase 3 : When the valve 15 G !
ater is suddenly ; h
d at the point of stoppage. This

stopped 1 excessively higy,
freely flowing W

pressurcs are generate o
n is the same as would T

line at the velocity

sult of a steel bar moving
o of water were suddenly
through the

stopped by the valve. . ‘
Pl ppc 4 fn an effort to cqualize the pressure build-up of the
| H & 1 H

water, a shock wave will travel back along% lht.‘.. branch line
until a larger diameter pipe is reached. This will allow the
shock wave to dissipate itscll. Arrows denote the direction
of force loward 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
relicf until the pressure is stabilized with the branch line.

B A S aﬁj-—vmm
Valve is Closed, waler is at

Resl and Pressure is Equal
P in all Direclions

Val
&EE = — EE_/ ve
i
' Phase 2

== Valve Is open, water is Discharing
= Freely at oullel, Pressure is
Exerled lowards Outlel

> =F = =F F—r= Calumn of water flowing slams
' E?;t:!;l Valve when il Iz?qulckl?

e M Ny |
7 \-._ -;1.‘\‘\ — TWQ%[E g’;‘l’ﬁ: w:;fv Rlebol-ledE
ale
fH in the rance LI';!E ammer
: Phaso 4

ickly closed, the column

The )

often
aA%50¢
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exis
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The pressure generated by
often rupture the piping. Al
associated with w

the shock wave can expand and

though Piping clatter is normally
aler hammer,
when these noises do not oceur, th

existent.

¥You cannot assume that

: at the shock wave is non-
Quite often, water hammer takes place w
physical sounds. Therefore, i

systems be designed w

ithout any
is very important that piping
ith 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 stcel 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.

As for water hammer, it is generally impossible to predict
just where in the piping system that water hammcr will
occur. There may be a small diameter branch line n lh.c
system which by the nature of its length anfi the l'lxlllrcotl
supplies should produce watcr hammer. yet it does not. Un
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Jiameter line which should not Caug
r

; large ]
the other hi and a larg h noise.

r ollen will cause suc

water hammer : |
ter hammer is quick closing ¢

g of wia
valve or faucet that is clogeg

vere closed slowly. then

ance to stabilize withoy,

"\ Onc of the basic causes
r
\'I]I\'Cb These include any

rapidly. 1f the samc valve v

flowing water would have the ch
producing the shock waves of water hammer. However,

since these valves muglt Junction in the manner :ntcndc¢

other means must be employed to minimizc_the violent
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.

\J{Mﬂh«of controlling water hammers. In order 1o
i

minate the danger and piping clatter that results from
water hammer, it is important that certain steps be taken in
piping system design 1o compensate for the excessive
pressures that are generated when a column of flowing
water is suddenly stopped. h

he 1 ; . _ _
The consideration needed is some means or device that will

. provide flexibility in the system to absorb the initial Shock

wave of water flexibility thereby confining the action to a
given section of piping, |
Air is the most effective medium for

absorbing the shock
wave' cuased by water hammcr for

(1) water is non-
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compressible; (2) g4ir can be compressed 1o considerable
Cr compresses the
the displaced yjr. Be
flexible means 19 expend its force

would othenyise result

pressure when the ywyy

void ollered by air, it also fills the

cause walter has this
the shock wave that
1s quickly absorbed. The mianner in

which air serves 10 elimine
s 1o ¢eliminate water hammer is shown in

Waler Discharging \ 1-.{:__ Alr Chamber

Freely al The Outlet e
~_- —— Enlrapped Alr
Flow == == L‘HE I E
Water Brance Linu_.} Lw 1 t Rest
aler al Res
(A)

Air Chamber

=—==le—Enirapped Alr
i

[ = [F-vave |13t

Hl Iu

Flow —_— i =r =T =t

Nole: Arrows Indicale
Waler Brance Line ._f Uines of Focce
or Pressure

(B

Fig. 4.4 How Air Chambers cushion the initial shock wave
generaled by waler 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

condition when the following water is suddenly stopped by

the valve. The shock wave generated rebounds but 1s

absorbed by the air in the chamber. Thus by absorbing the
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i A Im‘a heen runnvul 1 HI]I der).
¢ I

yve been used only lor Cxample |,
Jon of water hammer ey

initial shock W
oecision of walc
jetric and hi

are diagrami
the phummcr

showing how
properly controlled. :
The extent of walcr pressure In
r chambers 10 absor

a given line and the regui;,,
b the resultant shock v,
sizes of ai i
can be computed.

Water hammer pressure:
use of slow-closing valves, automatic
ks, It is scldom that any two cause of water.

¢ can also greatly be reduced by 1)),
reliel values g0

surge tan
hammer are exactly alike.

Each must be studied, and one or morc of the device:
available for its suppression must be used alone or iy

combination with others.

Forces at bends and changes in cross-section : A change
in direction or magnitude of flow velocity is accompained
by a change in the momentum of water. The force required
lo produce this change: in momentum covers from pressure
variation within the water and from the forces transmitied 1

the ;.valcr from the pipe walls, For pipe bend of uniform
section,

Longitudinal force = ¢ (
s (nd )1
- ..(4.4)
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0 PiptJoints
4\_,1«‘7’(" Juints
l‘h\,‘ '.i WS Ame e (. [

PIPES e requined 1o lomt together pipes which are
tlengths, sy 00 10, 120 15 and 20 1.
equisites ol

available i smalle
anly, The foint :

i ¢ Vodomting material  are (B
Imperviousness, WA clasticity, L&) strength, (7 durability,

AT adhesiveness, £0) availability, £7) workability, and (8)
ceonomy,

Phere are various types of joints of which the powered joint,

sprgot and soeket joint, Nanged Joint, serewed and socketed
Joint are important,
7~

\-_U,t)al’m ;

Operation involved in the laying ol pipe-frames include the
following steps :

(1) Preparation of detailed maps of roads and streets :

Showing position of curbs, gutters, other unground
service lines-sewers, existing water pipe ( if there is
any), gas pipes. telephone and eleetric conduits.

(2) Locating the proposed aliganment on the ground :
The trench line is marked by driving centrally stakes
100 It apart on straight reaches and 25 to 50 {1 apsrt on
carves.

(3) Excavating Trenches : With width sufficient to allow

. The pipes to be properly laid and jointed, and with depth

sullicient to give adequate protection to the pipes

183
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i traffic and other factors. Width i
- 0 . ) 5
t more than the outside diameyg,
epth guch as 10 give @ pround cover gy |

of the pIP parrel of the pipe. \

about 3 ft. from the 1OP of the

pottom of the trench excavated :

e carcfully prepared g |

the bottom of the trench should b - |
| of the pipe can bedded truc to line ang

length on @ firm surlace. In many |
6" thick would provide a harg |

{4 I’rcparntiﬂn of the

that the barre

gradicnt for i1S entire

s, o bed of concrele
4 adequate protection against

_holes should be left in the bed

casc
and even gurface an

possible settlement. Joint
at suitable intervals 10 assist in the jointing of pipes L

where nccessary.
(5) Lowering of pipes into the trench : Pipes stacked on
cither side of the trench after transported to the site .
should be gently and carcfully lowered into the trench so '
as not to damage thin outer protective coatings or their
ends. Before lowering, pipes should be wiped clean to

remove any dirt or foreign matter sticking to them. |

(6) Laying of Pipes : Pipes are seldom laid with a {lat slope |

parallel to the hydraulic gradient. This is to avoid any air

lock t s Bt v

" T{:ublus. Every pipe length should. therefore. e |

dl n . .
either with a conlinuous size to high points or

cotinuous fz ' poi '
all to low points. Pipe laying should proceed

in an uphill directj il
p rection to facilitate joint-making.
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7) Jointing Pipes @ It 5
(W " a . pes 1 should conform to the operati
specification of pipe jointing peration and

(8) Anchoring of Pipes @ At all bends
iher: B _ ds, tees, valves and
anch connections. it should be

’rovidc " ; W NCCessury 10
I wust blocks ol concrete o transmit  the
hvdraulic thrus 1388 | o L
\ st and distribute it over a wider arca of the
" Hyivpri » ' v H 2
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" 10
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 Mush with the road level or

a little projecting above it for later consolidation by the

traffic.

(10) Pipe Testing @ Alter laying and jointing and belore

backfilling the pipe 1s required 10
The test consists of Niling

be tested under

» pipe-line with
pressurc. the pipe-hine

all air from within. allowing it to stand

water expelling

full for some (ime and then a
The pressure is app

pplying the lest pressure ol

about 70 psi licd by means of a
‘- - L ]

{85
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ated test pump fitted with N
L

ally carricd out in sectjo; Sy,
g 5

manually ¢ opers

The test 18 guu.l

The open end of the p
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-

hie l. PUMPS AND PUMPING MACHINERY
12 ;I
5.1 Purposecs :
" Pumps and pumping machinery serve the following
i 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 (o treatment units

(4) Lifting water to the overhead water tanks or reservoirs to

flow by gravity to the distribution systems.

5.2 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 principles on which their

operation is based. The following is a brief description of

each type :
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b Basis of TYPC of Service : These may |
n the BaF . high 1ib '
mps. (¢) high hit
lift pump Pump, | available. In

(i) pumps ©

cll pumps- (b) law
(a) deep WE ) (¢) firc gervice pumps. and (D) stand., | failure. the s
(d) booster pumps: L )
’ . cic.
mps- : o5
P well Pumps: These operate 11 tube-wells yg (2) Pumps
i c . § . .
(a) Deep 5 o service reservoirs of dircetly into {h, | These pum
ater in
pump watcr |_ pasoline pu
distribution system: |
. for small heads . (a) Steam
(b) Low Lift Pumps : These fpeEale >R —y
umping water from one unit where prir
as at treatment plants for p i ‘ low cost
ine water from TIVCr source o
Jnother and also for pumping i operation.
reservoir source (O the treatment plant. e
} aso
. ¢ . operate under large heads [o i
(¢) High Lift Pumps : These 0] N or | high cos
; rater-reservoir 10 the clevate ;
pumping water from clear waler rcsu. evated suliabile:
water tanks or directly into the distribution system. heads.
(d) Booster Pumps : These pumps arc used to increase pre- (c) Dics
ssures in parts of the distribution system where adequate pump ¢
pressure cannot be obtained either because of greater speeds.
clevation or excessive loss of head in the distribution pipes. water-v
These are also used to supply water in the upper stories ol (d) Elc
lall buildings. modern
(¢) Fire-Service Pumps : These are used to build up smoke
ressure 3 i S C and ¢
P to the extent required for effective fire-fighting in >
factories and multi-storied buildings. sty Disud
of prc

Stand- i .
(f) Stand-by Pumps : These are used for large pumpin

installati . 1
ations  where auxiliary forms of power arc also
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avatlable. In case of (o
el 15¢ ol temporary pPower (clectric
_failure, the stand-by units ean be Powen)

driven on st :
stea
- am, diesel,
(2) Pumps on the basis of p
ol ( LT & “ oy » [T L)
These pumps may | wer used to Drive Them ¢
. I Yy be Classe e -
_ : . lassed as () steam pumps. (b)
gasoline pumps, (2) diesel pumps, and (d) electric pumps
I ol [ve ] : 1 Tlhoen rss ' -
(a) Steam Pumps : These are used in large pumping plants
L
low cost. (ii) durability of service. and (iif) flexibility in
operation.
P o H ) ] .« « I
(b) Gasoline Pumps : Thesc are seldom used because of
high cost in continuous operation. They are, however
suitable for stand-by service and are efficient for moderate
heads.
(¢) Diesel Pumps: These are reliable and economical for
pump drives but not commonly uscd 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 arc generally used in all
modern water-works. Advantages include freedom from

smoke and dust, quict operation, economical supervision.

and economy of floor space for pumps and” motors.

Disadvantages include [requent power failure and necessiy

of providing stand-by units.
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basis of | Mechaniceal lnnmp[
10 s

t
3) ]'umP" on  mon tYPeS are ('1) displacemeny Pun,

;. and (€) 4 ¢
mp |

These pumps work on . |
¢

gl

npcmtmn :
(b) centri t'uual pt

’ s ¢
(a1) -I)ispluccmem Pump !
echanically inducin

m of water which jg they,

inciple of m g vacuum in g Lhﬂmb \
principle
racuu
thereby drawing in a vac © ed out of the d \
and lorcc 1€ chap ]
mechanically displaced ¢ dmbep 1

Thesc are of two types : (1) Reciprocaling pumps, ang i
Rotary pumps.

In reciprocating pumps. @ plunger OF piston1s Operated sy,

to draw water into a closed chamber and to expect it ini g,

pressure mains. The rotary pumps has cams or gears

revolve in a Close-fitting case and force the water aroupg
and out of each revolution, but this type is seldom usedip |
water-works.

(b) Centrifugal Pumps : These pumps cmploy the -!I
principles of centrifugal force to impart energy to the water. |
Water entering into the pump-casing is revolved by a wheel
called impeller which discharges it in a direction at right

angles to its original direction of flow. In doing so. the |

| kinetic energy of water is converted into static or pressure- |

head. Centrifugal pumps are extensively used in all types of
modern water supply systems.

Tl i |
e centrifugal pumps may be classified as follows :
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. T ————E e M::-:Er.l;i;{::&lv- &

"l'.\' .!
‘ or Witer Hll]l|;ly
iy, '
" | () According 10 the synge Ve
o HYstem ol rotmion gy rigtht-handed
leN=handed, - or
II‘ [hL | I(| : 1
; | it) According to the manmner of e ; .
—_— | | . mer ol conversion of kinetic cnergy
N into static: head s volume pamps, diffuser pus bi
, i se nps, turbine
they | pumps, and axial Now pumps, ‘ o
]]I\L\ s | (XN s ol y _;I
| I, .’ (iit) According to the number of stages as single-stage, two 1,
{ T+ | : o : . o b1 L i
(h) ; stage or multiple-stage pumps cle, depending upon the ,‘n.;
number ol stages of pressure developed by impeller, Each i
30 {1y stage of the pressure head is added together by leading the |
. . = - |
) the discharge from one impeller into the suction of another and |
that this when added to the initial pressure at the inlet, results in k
und an increased discharge-pressure of the centrifugal pump. )
1 in Characteristics of Centrifugal Pumps: The centrifugal i
pumps is cssentially a high-speed pump, normally operating,
| at speeds more than 1000 rpm: in some cases, efficient ;
the ' g ; ; . : ;
| speeds of 3,500 rpm are possible. The discharge is uniform 1
(et | ; |
| and consequently the power requirements also are
\ 1[ : . : 1
we ! uniform/Because of high speed of the pump, its direct
2ht connection to an electric motor is possible.
he |
" |l
re- |
|
ol |

! \‘. F-13 107
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Maxim
and hi
discha
F‘Q\\'C[
mnerey
. the sl
Z; this ¢
é% How
) than
Ady
. pun

Dischorge in GpmM
Fie. 5.1 Operating Curves for Centrifugal Pumps 5}:
adc
The discharge of centrifugal pump is fixed by the design )
and by the speed. In Fig. 5.1. are shown typical operating Pu
curves for a centrifugal pump operating at a constant speed sh
under various conditions. The pump was designed to deliner et
3.000 rpm against a 185 fi. head with an efficiency of 83 &
percent. It is observed from the carves in Fig. 5.1 that (a) the P
discharge of the pump increases with the decrease in head. ;

maximum diSChargc being limited by a Cenain minin“"'n

R

head below which the pump will not operate. The head
increases 1o a maximum at zero-discharge with the
discharge valve being closed. This condition is called shot-
off head and should not be permitted to last long: otherwise

pressurc will abnormally rise above the design head. (b)
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Maximum efficiency j :
1ICncy 1s obtained with moderately Jow head
ately low hea

‘.I['Id lligl .15: “Ilg: <M ':ICHSL‘S Wilh ESSCT o1 l‘.‘i

discharge a s
B _i‘acl greatly utilized in rating pumps, (¢) The

power required from the prime L -
T o x mover 1o drive the pump
increases with increase in discharge, this bei

) arge, this being maximum at
the shut-ofT head, but as the discl i
o - | warge valve is closed under
1ts condition, 1 1 *
. g 1¢c prime mover will not be over-loaded.
JTowever, ntrifug ;

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 is relatively cheap. compac and simple, and is
adaptable in various kinds of power.
(4) Pumps according to the position of pump-shaft :
Pumps may also classificd as horizontal shaft and a vertical
shaft pumps. Horizontal shaft pumps have such
larger required head-room, less of
and higher ef ficiency. Vertical shaft
used as decp-well pumps and have

characteristics as
corrosion and abrasion

pumps are commonly
esser floor-space requirement.

such characteristics as ]
higher discharge head,

posilive suction, €asy priming,
| cost and difficulty in maintenance.

higher initia
include deep well {urbine pumps, air

Well Pumps : These
lift pumps and submersible pumps.

Deep Well Turbine Pumps : A deep well turbine pump

operates in the same way as a_centrifugal pump but the
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water Supply

hich the water is discharged by the imDell

nnel into ¥ try

chal™ chSS-SCCliUn' While Somewhy N \ B The :
[ umr- rm .+ oblai ned with a turbine pump Umnugh_ur E 3 o
fﬁcicncles ﬂil‘ug“' pump. the initial cost is highe; ilm;mh 5 COTTC
dinary cc.ﬂr::cnancc is greater for the turbine Pumy, llhi : mair
cost. of “:;:p el cularly adapted to deep we]) m";;[‘linh? !;:SU
;:"t;_’:: 2.2 :c shown a common type of deep welj lurbin[; inst
leas
iliu:]rl)jift pumps : The air lift pump is [?arlicularly adapiyg Dis
for usc in wells that are drilled through is iat a consideray, :|_ H
depth below the surface of the ground. In Fig. 5.3 are showy, Ii 1.0
the main parts of an air lift pump. Compressed air from il 1;1
air pipe is admitted into the education pipe at its lower ¢y t
through a foot-piece or air diffuser. The mixture of airand | l;(

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 2

factor called percentage submergence which is the ratio

Hep X100 Whe_re H being the effective lift of the pun?

and D, the depth of submergence

effective | and H+D representingﬂl‘?
"neth of the education pipe. Its value should be al

PCr cent for the i
pump to op; d 70 1
Cent 10 operate of best ef P to operate at all an

ficiency,




Walter Stlpply'

“The advantages of the air i
B the air lify pPump are (a) freedom from

submerged moving pa

e operation  and
maintenance the compression unit being located on the
ground surface, (¢) inereased yield caused by forcing greater

air pressure into the pumps, and (d) its suitability for
installation in crooked holes where other types of pumps are
least suitable. ¥
Disadvantages are (a) greater depth of submergence *".»-.’,
necessiating wells to be made deeper, (b) low efficieney, 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 \

e —— —r" ——
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pumps is approximately 34 fi.; but, because of v
the pipe and strainer. and

losses, such as friction losses in
Jit can never be reached 1n

loss due to velocity head, this lin

al works. The elevation of any pump above the

practic
22ft. and for a

source of water supply should not exceed
centrifugal pump. the practic
suction pipe should be short. str
Strainers. when used should hav

Waler Supply
pump and submerged o

pumped may be prevente
the clectrical p

all times in the well,
d from comi

WG . arts or the motor beari
oil-hlled case with

The water

NE Into contact with

- ngs by enclosing in an

through the top though Curz Bl -y
. modemn practice is

3 ¢ 15 o allow the

windings to be surrounded by the well w SR
considered to act as a ¢ vawer which s
(usuall . a coolant and bearing lubricant Motors
usua i i

y squirrel cage induction lype) used with these
umps sl '
p} lljd are (]LSIg-l*lCd for long service withowt 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
diameter. Thin

of smaller efficiency,

comparatively less.

5.3 General Considerations For Pumping Installations :

Suction Lift: The theoretical maximum suction hifi for
arious
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however, is.

al limit is about 15 . The

aight and of ample diameter.
e a clear watcrway arca that
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water Supply
1y, (imes the €ross: scctional area of the Suctig, l
-. ast 172 ) ‘
"i ab Ie l'. should b
pipe: _ _ ?
ost of pumping is mainly (. . ._ Opc_r“.cd
r for Pumps The € it i U variatior
ve hat in areas of .. -_ .
re or to operate the pump: . O limigg | addition
of powe he use of power is of utmost importapy, | e
ic means ) . . ;
economic e e casoline engines, diesel engineg, i Total 1
1NES, . |
Stream cn.i.-t o i commonly used to derive Pump | against
2] 1 nl'U 0 - = - S |
Llu:trlc. .10 be preferred il it is available at resomaby, | of the
Electricily 18 N " e
ably low In origing distan
cost. Electric, molors are reasonably loy gimal cos ang ;
- the w
. cheap 1o operate. .
are cheap 10 0P distan
‘ | cenltr
Stand-by or Reserve Power : No matter what type o the d
. . 1€
power employed., it is desirable to provide some extra pump The
units for use in case of breakdown or when repairs to (he apor
regular pumps are necessary. -
the
Size of Units: A water-work pumping station is not and
operated at full capacity all the time. This factor has tols
considerable tearing on the sizes of the pumps that are sot
installed in any particular station. As previously explained. de
the efficiency of pumping engines varies with the amount of
load. For ex ' : 54H
b example, the full load efficiency of the pump ma :
¢ 80 per cent ; : ' W
p . the half-load efficiency, not greater than 73 5

.per )
per cent and the quarter-load efficiency not greater than 30 ;
per cent. Consequenty,

the complete pump installation
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5.4 Horsepower Required :

Water SUUDI}'

should be so designed that some of
) e

operated ol the full capacity g PUMDP units may he
U

all times, regardless of the

e g o l:u: demand i increased.,
swrted, and when
1 demand i

decreased. some pumps may be stopped
otal Lif 4 - ' '
T ', t ‘of‘l ump : The total lift of pump or the total head
against which the pump must Operate. is the algebrai
: P . ; aic some
of the following quantities; The discharge lift or the vertical

variation in demand. Wpep,

distance I’rc.nn the centre of the pump to the level 1o which
IITe waler 1s 1o be raised; the suction lift or the vertical
distance from the level of the source of water supply 1o 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 [i. 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 fi. is negative and is lo be

deducted from the discharge lift.

When the volume of discharge and the total lif

the pumps are Known,

" " may be found by the formula.
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—

. . horsepower required 1o opey

* 'll ¥
in which I’ p dle )y,
Lp. = water 1ors¢

or head of the pump:
pumped. gpm.

awer):
pump (W1
i1 = total lif
Q = volum¢ ol water 10 be
If the head to be pum
becomes.
RIE
in which P = intensity
The actual horsepower requir
and may be found by relation.

e
----------------------

of pressurc, psi.
ed depends on the efficieney of

the pump
P -
Py = (SJ

-----------------------------

in which Py = actual horsepower required o operate the
pump (B.H. P = Break Horse Power)
E = efficicncy of the pump.

PROBLEM 1 : It is required to pump water at the rate of
6.750 gpm [rom a reservoir whose surface is at an clevation
of 180 fi. to a tank whose bottom is at an elevation of 372 (L.
The pump is placed at an elevation of 192 ft.. the diameter
of the suction pipe is 30 inch, the length of the pipe from the
pump to the tank is 290f1. and the estimated size of this pire

1s 247inch. Th
. e . .
sum of tbe minor head losses in the suction

and disch

D
=
I~

|

ped against is given in psi, the lormy l
g

e .
&€ pipe may be taken as 1.5 ft. If the maximu™

depth of waltc

horsepower ¢
per cemt ?
Assume hea
Negleet all
Solution :
Elevation «
Discharge
pump to
Suction li
in the resc
Since the
positive.
Total het
p =0
396

Py=—
0.6

PROBI
deliver
the tre
mtake
head ©
Assur
fric

efll
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muly,
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Water Supply
depth of water in the t

ank is 1o b .

: e 2 ;

ol - I. 5 ll.. W’hﬂ[ is the rean;
horscpower o 1¢ required

a o E Wi
gy pump for which the overal| cfficiency is 67
Assume head loss due to friction in 290 f+1.5 0
Neglect all other head losses, o
Solution :
Elevation ol water surface in the tank = 372 + 25=397 f
Discharge lift or the vertical distance from the centre oft'né
pump to that surface =397 -192 =205 f1.
Suction lift, or the vertical distance from the water surface
in the reservoir to the centre of the pump = 192-180 = 12 .
Since that pump is above the water surface this lift «
positive.
Total head H = 205+12+1.5+1.5 = 220 ft.
p= HO _ 220x 6,750 _ 375 (W.H.P)

3.960 3.960

P A0 = 560(BHP)Ans
0.67

PROBLEM 2 : Design a suitable set of pumping unit to
\

deliver 4.50.000 gph from an intake well of a river bank to

the treatment plant. Total length of rising main from the

intake well to the treatment plant is 800ft. and the static
head is 60 ft-Design also the cast iron main.
Assume: Velocity of water = 121ps

friction factor = 0.0075

e

efficiency =70%
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sgllulilllr D 000+60 ~7.500 gpm
QT 450,000 _ 20 cfs
' again Q = 60 x 60 % 6.2‘-1?0

= |.667 sq. 1.

— ——

Cmss-scctionn] areil = 2

al’ _ ) g67 (d = diameter oF PIPC) |

4

/ 1.667x4 _ 5 ft=18 inch
o =
ﬁ .

Frictjonal head loss hr
4’ 4x0.0075x800x(12)" _ 5
- 2x32.2x1.5

2pd -
Velocity head, hv=v¥/2g=(12)/2x32.2=2 24,
Total head H = hgt het hy = 60+36+2.24=98.24 fy

po HO _ 98.24x7,500
3,960 3.960

180
Pi=—— =265 (B _
070 (BHP) Ans

=188 (WHP)

PROBLEM 3 : Water is supplied from an impoundi;

rescrvoj ' , .
oir 30 miles away 10 a service reservoir near the (ow

A cast iron main is 1o be designed to supply 425 mgd. Los

of head due (o friction in the

pipe is estimated (o be 01
All other Jie l < C

ad | iron pip
| 005¢s are neglected. What size cast iron M
Would you yge?

-

Assume [=

Solution :

T 4%0.
h¢=

Y- 4.0¢6
o

i
Again. Q
[1 mgd=

i
Q:n\r: =

<y

Substity
. 160
. T

o

sod=l

Probl
of wa
static
of ris

eight

Assu



nding
oW

].OSS
0 It

pi[‘ll-'

Wﬂl(‘.l’ Supply
Assume = 0.0075

Solution :
hr= 4 x 0.0075 X (30)( 5280) 5 v‘z

1'2 2
—_—= 4-06 -'.V =
7 4.06x%d....1)

L
Again. Q =425 mgd = 425%1.547 = 787 cfs
[1 mgd = 1.547 cfs ]

Q=av=ﬂ—j;x1: SV E 2

md
i
(md)”
Substituting the value of v? from Eq. 2 to Eq. 1.
160’

: ;5%5— = 4.07

16 (787)°

s 16> (T8T)_ _ 246,800
x’%x4.07

- d=11.98.~ 12ft. Ans.

sign a pumping unit capable of lifting 5 mgd \

Problem 4 : De
inst a

m an intake well to the {reatment plant aga
120 ft and that

in two shifts of

of water fro
static head of 60 fi ; length of suction main is

of rising main :< 400 fi. The pump will work

eight hours each.

Assume : velocity of flow = 6 [ps
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| water Supply ,

" = [,(” |
ﬁ‘irfli.un fl:L‘“: 1% |
efTiciency , Water suj
Solution : _ 120+400 = 520 I, ', Estimatec
Total length of pips W 5x10° I. Ground |
Discharge. Q =5mgd = ——7):1— S Hicday Treatme
IS .
16 hrs/day, Yeloeily
Since total pumping 2 time i Pumpin
: - caricity = 8x10° _ 50,000 cufU/hr. Total le
FUmpInE 16 ; Frictior
_ 50000 _j39cfs | Efficie
60x 60 .i
= P 139 | Soluti
i '_ Total"
v d= KD 1.7~21.75ft =21 inch _ 34y
h axh - T
4x0.01x520x6°
he= =6.7/f P
N T3x322x1.75 / Ll
6.'!
hy= =0.56 ff =
" 2x322 S
H =hs+hpth, = 60+6.7+0.56=67.26f1 C
_50,00,000
"m =3.220gpm
HQ 67 26x 5,220 _
P 88.5 S
P, =1 _ okl 1a
! E - 75 =118 (BHP) Ans
] Fri
Proble
M S : Design the tran Vi




mll’i”g

B

Witer H“l‘!‘!:v
Water supply rate - 40 ped
Fstimated populimtion -84 g0
Ground ROT. = at the Pum house = 107 5 f
Freatment plamt RO 1.~ 191 g i -
Velocity through pipes - § fps
Pumping ime = 10 hrs, daily
Total length ol pipe ~ 3,500 11,
Fricton lactor = 0,01

Ffliciency = 63%

Solution :
Total water required = 40x85.000 =34,00,000 gpd
34.00,000 X -
m T = 5454107 cuft/day
6.24
S5.45 % 1”‘ _

10

Pumping ratc = 5.45210" cuft/day

‘;a‘-\v 3 = N
o 283210 1515 cry

hr(:[l' w 0OHl)

Q= f‘_{_.:-:n'-flilf
4
wy -. 5 - %
d = (‘i_ll_l_ = 1.56 1.
V nx8

Use a 21 inch diameter pipe d = 175 1L

Static head = 193.00 -102.50 = 0().50
e 400123008 o0 0p
Friction head = : ;’—3—2.: 175

‘rH: _
J'j -- [] »r = — — I.{l’ lt
Velocity head 3,320
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_ 00.5+80.0+1 0=171.51

34.00,000
Di 3 =____'_--’———-=5,667' m
ischarge. Q T0x 60 gp
: P HQ - 171.5% 5667 —246 (WHP)
1.

3960 3960
P 246
L P 246 _340 (BHP) Ans. |

“Total head. H
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Qun
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I st the PUposes o M 5

|”'||'l,‘\ [
waler SUpply syt
water supply oy SO 1oy o

i \

I
arranged  from vy Towing, " e i
economical seetion of' (he fising l;"“:lvm'ln..
U UNiL (rom )y, I‘nllm\'ilm ﬂuln' 10 g
Static head 60 1 !
Total length of pipe 530 |
Coeflicient of friction 0.01
Velocity ol water in (e Pipe 6 fsee
Pump elliciency 70%

The pumps will work in (e shilts of six hours cach in gy
day, ( BUET, 1972) '

2. Write the characteristics of centrifugal pumps, Design

[ R .!l
stitable pumping unit and the size of (he fransmission main b

delivering water from a source 500 yds. away 1o a treatment

plant or a small town having the design. Population of 2.5
millions supplicd with 50 gped against a frictional head of

- 70R. The pump will operate only 8 hrs. in a day. Take pump g
P o i adl losses. ( ti;’-m
efficiency =65% and = 0.01. Neglect all other hea | @
UET.'71) ,

) ' . e installation. -

] 3% P Imping msti o

ner nsiderations lor pt

late the general co PP — -

' : .epower require
‘What is the theorctical horsepower req



Water Supply

w00 gpm ol water npainst g ot hea
ol \g

rise |
50 Ih

v

including all losses &
e “yump do you Ssuggest and v
Which type of pump o you sugg oy (g

is the total litt ola pump % '8

Wit 18
a pumping unit to transmit water froy, |, st
VT m

Design

eatnent plant of a snail town Having ultimy,, aMpu
| 'I'I

o' 80.000 supplied with 50 gped of water,
Given : R. L. of' the ground at pump hours = 98 5 i

R. L. of the entry site ground to a treatment
plant = 154.601,

Length of pipe line = 200011,
Veloceity of water through the pipe = 8 [ps.

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. Design o
suitable pumping unit from the following data : Suction
head =12 . Delivery head= 180 fi. 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 -

DEE[-J we{ [ turbine Pump, Air Lift Pump, Submersible pump-
Suction lifi,
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9
gUTION SYSTEM

PISTRI

9.1 Definition :
ution system is that part of the wqye, -

The distrib
the pumpmg station or t

h receives the water from

whic
ow and delivers it thra::;ugm:nl
U the

conduits by the gravity fl

district to be served.
It includes. as such, reservoirs for purposes of Storg,
iy
sures and subsequent distribution, toge)
er

cqualizing pres
with pipes, valves, hydrants and other appartenances |,
or

carrying water, services pipes, meters cic.

9.2. General Requirements :
A distribution system should satisfy the following generg

requirements :
(a) The distribution system should, be such as to furnis

water in adequate quantities and pressures 1o all parts of the
district served. This would include all demands such as
water supply for domestic and industrial use and for [irc
fighting purposes.

(b). The distribution system should be thoroughly reliable.
Thdrs would involve (i) interconnecting all the water mains
and co ' :

- ntrolling flow through shuice valves located a
suitable points ' '
ater P” h, SO as 1o ensure an uninterrupted supply ol

ater to all other secti :

: sections when one of the sections has to b¢

cut out of 1 :
service followmg breakdown and consequent
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Wﬂlcr SUPN}'
opair: (ii) protecting (e folloyw
<hd other appartenances, The
equired 10 be laid with 4 Sufficie
oads and streets. so thay thay
pecause of any hazard of p
sfream crossings, rail-road
protected by carrying: the

.SUpports. |
(C) Thc dislribuhon sy

ing SUpm 'm
Main

N cover “rﬂbmu

are noy open (g
ASsing raffic, Ay S

Sele, the pipes nee
M on conereye lres

any damagc
uch poins as
dto be amply

tles or similar

stem should be CConomical in s
design, lay-out and construction; this being considered 10 be

the costliest part of the water supply scheme, IUis estimated
that the ratio of the cost of the distribution system 1o the
ovarall cost in case of a large scheme is 50 10 75 per cent
;_a.nd’-for a small scheme as much as 90 per cent.

1eneral

o 0.3 Classification: _ | ‘
urnish : ) ; : endine upon the
fil A distribution system is classified dep | ES s‘:cm o
2l v 5 : - ; ("”I '\r 1 " 25
o method of distribution involved as (1) Gra \'5 it
: ; " 1} Svsiem with pumping
[Ch. - System with direct pumping and (3) Sy
r [irc- |
and storage. : +d where the
Gravity System : A gravity svstem 1 adOD“: o
fable i lake or an jmpounding resery
~ source of supply such as a1 e city in ordert
mains 3 _ ith respect 10 ymer
. . . f1on Wi e qervice.
- isat a sufficient eleva <o and domestic
= al . an
2d : produce adequate pressurcs for fire o jiable
ly 0 : o {he safest and FE
. ; 15 1hC >¢
: ~ This method, evidently.
10 bL . ’
qucﬂt

L
)
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Water Supply

System with divect pumping i I this, water i d"“”)

pumped into the mains. € ‘onsumption is the only outlet, ‘1, alwiryy |,

method is Teast desirable, o failure in the power supply ‘ oo ing,
means breakdown of the system. Also, pressures in (1) Wher
mains vary with the consumption, 5o that under varyjny, } ol the

consumption, several pumps muy be required to conform uring 4y

the nupph' ndding to cost, ? h"il'_" t
System with pumping and storage : This is also culled (he 1{ ““"”}u“
direct-indirect or dual system. In this, when the demand-rare [;:}T:"
exceeds the rate of pumping, the flow into the distribution ! ”h"m:!
system is both from the pumping-station as well as the | suppl
clevated reservoir. When, however, the reverse condition A
exists i.c., pumping is more than the demand, the excess of on th
water is stored in the reservoir, This system, obviously, iy resul
the most cconomical and reliable. 1t provides for a uniform left
rate ol pumping. The pumps can be operated al their rated ove!
capacities, resulting in higher efficiency and cconomy of (3)
operation. Also, the water stored serves as a reserve o take cor
sar of [ire demands and pump breakdowns. col
(4,

9.4 Mecthods of Supply : lic
"Water may be supplied to the consumer cither intermittently pe
i.c.. for a few fixed hours of the day say 5 AM. to 11 AM. . st
and 3 P.M. to 9 P.M., or continuously i.c., for all the twenly - Cs

four hours of the day. A continuous method of supply is
‘ }
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Water Supply

alw

ays better than the intermittent method be

. cause of th
lollowing reasons. c

(1) When the supply of water is only for a few fixed hours

of t'hc day, consumers are compelled 1o store water for use
du-rmg the non-supply hours. The domestic storage tanks
bm-]] for the purpose may suffer for want of proper
Mainienance and attention for 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 1o be replaced, during the supply hours. by fresh

supply of water. Evidenly, 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 10, 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 d'lsl'."ﬂ:m-
s may fall below atmospheric pressures. causing
sucking in air or other harmful gases from
and resulting in @a possible

tion main

partial vacuum,
sewers running close-by
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re Requirements in Water Distribution Syt
ssu !

g o g tm,
In  designing waler-distribution  systems sy,
ordinary use, and for fire fighting, Mug

requirenients for
considered. In residential districts firc pressures of g i ‘ heig
the hydrant arc recommended. In commercig| dlslru 'l boos
minimum pressure ol 73 psi is lolerable, by highe, Bres
pressures must be provided in districts with tal] b“”dlnk s
The American Water Works Association FeCommengy i ! ”‘:
normal static pressures of 60 to 75 psi is throughoy, a d':
system. Many cities use fire-department motor Pumpers {, N
5

develop the necessary fire pressure so that normal Operating
f

pressure can be less than that quoted above, The
maintenance of high pressure in mains means increaseq

pumping costs and usually also increased leakage. Some
large cities have installed dual systems in business districys,
a low-pressure system for ordinary use and a high-pressure \ '
system (150 to 300 psi) for fire fighting only. Other citjcs

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 i below ground level. a total
pressure of about 35 psi in the main is adequate for
residential districts with one and two storey houses.
Allowing about 5 psi for additional storeys. a pressure ol 73
psi should be salisfactory for buildings upto 10 storey in
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6 Distribution System Components:

Water Supply

height. M ities i

. 2ht. Many eities require owners of tal) buildings to instal|

(.)0_ . . ‘
ster pumps in order to avoid the need for very high

pressures in the mains,

P.IPE'.S-. ;%atcs and ‘hydrants are the basic clements of
distribution Systems. Their dimensioning and spacing rest
Upon experience normally precise enough in its minimum
standards o permit roughing in all but the main ‘arteries and
feeders. Common standards include the following :

Pipes
Smallest pipes in grid iron G inch
Smallest branching pipes ( dead ends ) 8 inch
Largest spacing of 6 in, grid ( 8 inch pipe used
beyond this value ) 600 ft
8 inch

Smallest pipes in high-valuc district

Smallest pipes on principal streets in central district 12 inch
feeders:

Largest spacing of supply mains for

2,000 ft

Gates
[ 800 fi

{ spacing on long branches
e 500 ft

Largest spacing in high-value district

Hydrants
: 50.000-70.000

Areas protected by hydrams sqft each




Water Supply

Largest spacing when fire flow exceeds 5.000 gpm, 2001
Largest spacing when fire flow is low as 1000 gpm 3y, fi

mos

9.7 Distribution Rescrvoirs (TANKS) : Aci
Distribution reservoirs arc used lo provide storage 1o meg ow
fluctuations in use, to provide fire storage, and to stabij,, e

w

pressure in the distribution system.
The reservoir should be located as close to the center of g,

as possible. The water level in the 'reservoir must be g,
enough to permit gravity flow at staisfaclory pressures i,
the system which it serves. In large cities severy]
distribution reservoirs may be located at strategic points
throughout the city. Water is usually pumped into g
distribution reservoir when the demand is low ang
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.C.C.
staging (2) Steel tank on brick ower, (3) steel tank on stcel
staging, (4) Prestressed steel tanks on steel staging.

The R.C.C. tanks are commonly used in our country. The
reservoirs may be of various shapes like square, rectangular.
cylindrical, cylindrical with conical base ( Inze type)
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i Adindrical With hepyg

. l‘hcric;ﬂ b
most econmical, _

EISQ‘ e AT
cle. Cylindricy lype is
Accessories: The I‘ollowing are |
dle t]

xrhe s i C Main .
onerlicad teservoir; (N Inleg Main 4CCessorieg of an

el an _
. bell-mouth. (2) Overflow ., d out)e PIPEs filled iy,
e ; wash. .
. with valve contro], (3) Ladder . Vash-gyy PIPES combined
‘ _ ; i Fand manhg)e for cleaning
mspection. (4) Water level indicay caning and
: : ator, ;
e lightning arresters, O (3) Ventilators ang
h s
A. Typical Intze type R.C e
: : e C.C. cylindrica] overhead wate
;. tank is shown in Fig, 9,1 E
] . . s e
Most Economic Dimensions of o Cylindrical Water lap % -
5 Dimensions of tank may be determined b)l,’ applying the . _ _,5'
snmplt;? A plclofcalculus, Maxima and minima. Since the oA
tank is cyllndr-lcal, minimum- surface area that will be '
required to contain a constant volume of water by the
condition of maxima and minima.

(Sce Fig. 9.2)
Assuming floor thickness is equal to that of the wall.

A= Ai1+A,, where A| = Arca of the base
A, = Area of the shell-surface

A = Total Area e g_t_

A= :rcr2+2:rtrh

V = Volume of the tank

= nr’h (’;’;ﬁ

\_4——.:

v “g— =p —
" —
&= —s | = .
’ | Fig. 9.2 Watcr Reservolf
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Walter Supply

v
=
= n’r"f'.?. ur oo
A -

Ny
2 =

= art =
’-

Differentiating with respect o r

dA 2V
—=2mr - 5
dar r

From the condition of Maxima and Minima ; — =

or,r=h
Hence, for cconomical 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=13%(:]—0 = 13.370 cufl.

V =nr*h=13.370
S r=h,

= 13370
g AP = 4258
i
r=16.5 M,

Dimensions : Diameter = 33 ft.
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[Height = 16.5 1,
‘E.\:umplc tn cnnslructing
if the cost per sl of shell i | cireulur R ¢ ¢ tank
. is 1 A tan

what be the St g 3 times (o that of the (1o
.

Assume thickness of the dimensions of the tank
i &

NEss of the ghell,
Coc A constant
C=K (A) =K[7tr*+1.5(2nrhy
s 2
C=K(nr'+3. nrh), V=Volume of the tank

C=K (nr'+3. —v—,} . V=n1’h
m”

. ) 3w Vv
= K (nr’+ =), h=—
r m-

Differentiating cost with respect to radius

2 BT ==0
-

for minimum condition:

3
i(i =0, Hence, K(2m = —\:)= 0
ar re
or. 2nr° = 3V

F = 2
or. 2mr> = 3.7 h
or. 2r=3h

or,rﬂl.Sh.' _
lowing

9.8 Pipe Systems : The pipe system comprises of the fol

four units (See Fig. 9.3) :-

| *F-26 401 :




Water Supply

(i) The supply main. (i) the sub-mains. (i) g,

distribution and (iv) valves.

i1 or main is the direct conveyor of wayey 1.
ply mal oy

The sup )
the pumping plant or the gravity conduit. It should e ol

sufficient size to carry the flow. '
The sub-mains are the secondary feeders connected to ¢iyg,

side may be placed at about 1000 t apart and should be of

sufficient size to discharge domestic supply-and fire flow.

The minor distributors or branches make up the grid irons of
pipes and supply water to the fire hydrants and service pipes

of the residences and other buildings. For fire service,

N

minimum

— |

J Minor Disttibutors

Fig. 9.3 Componcats of the Pipe Systcm
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Ol

W’

diameter of pipe shoy, il
. 2 l]c] H
alone 4 inch and ICSS, ang lor dﬂﬂ‘l

Valves are needeq (, Operate

These should be SUlficiey inn

9.9, Layout of Distributiun System:
There are four differeny SYstems of
upon the methods of laygyy of the
(1) Dead End (2) Grid Irop S
System,. (4) Radial System.

Dcad End System comprises of

distributiqy, depending
pipc-syslcm. The

se are
ystem (3) Circle o

I Ring

- ; <4 supply main starting from
the service reservoir and laid along (he main rmdlwith
g at right angles (o it iy both directions and

laid along other roads joining the main road. Across the sub.

submains runni

mains run the minor distributors or branches. lajid 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

+* I-. 1
A. a section of the system can be cut out for repairs withou
W L

affecting the rest.
Its disadvantages arc
water becomes stagnant

(i) each pipe has a dead and where the

d sediment accumulates,
an
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blow-olt or drain valves

requiring the provision of
remove the same, (i) A larg
¢ {o be made o an important pipc.

ement over the Dead 1ing

e district is to be cut out whey,

repairs hav
Grid Iron System is an improv
ctling the ends of the various maing

System. caused by conne
te the dead cnds. The water then circulates

so s 1o eliming

[reely throughout the system. Such a system is very uselul

for a city laid out on 2. rectangular plan (Fig. 9.4): the

connections of the dead cnd producing a grid iron patlern,
ads in one direction or in

with mains tunning on main re
» ard submains also running alike on

perpendicular directior
minor roads and streels.

e
<

~

| " e——

Submains

T ———

¢’

1
s
S

K Valve

!
l 1

L.

|
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~ Fig. 9.4 Gnid Iron System
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f\d"“"mg‘cs to be gained wiyy il |
'lis g

y stagnation due 1o Vstem
W are: Wwoidang
L "c

ulatj
o ng Cantinually, ang
'ntcr g A
. upply
any reno; Ply anvwl
¢ ywhe
avail b\p Ur-work 1o 5 maj e
dviallaple @ main o
su s -[‘mm another mag ‘
nLImbCI‘ of valves., At &% Provision of namn or
‘ery juncl]
* clio &
valves arc 1¢ 3 n of
h are required (see at B, T 1w
" - T
thereforc. costlier. £ 94). The system i
system is.

In \J,

| )

_
RN

Fig. 9.5 Ring System

ol' an
i R alc[‘ c'
(ii) absence of the discontin; o
" H l 4
m the S}'Stt'."n'l. in the event of ol
) 0
gubmain. water being casil
* * ¥ }?
pmain. Disadvantage is
a ve
very \urge
0 roads. four

sists of cutling
and then
with

Circle or R p.9.5): This con
o circular oF rectangular blocks

the entire district int
ins all along  heral Toads

ing System (Fi

laying the md
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Water Supply

inner roads and streets. Thus this system alse follow he
Grid-1ron pattern with thet difference that the Now Pattery ;.
now similar in character to the of the Dead Eng Systey,
That makes the determination of discharge or size o D'lp.:-
easicr. Also. water can be supplicd to any point from o leas,
two directions. This shows that this sysiem possesges the
advantages of both of the previous systems.

Radial System (Fig. 9.6) : This system is the reverge
instead of from it. The entire district is divided ipq a1
number of distribulion zones AEKH. EBKH cic.. gng a
distribution reservoir is placed in the centre of each 70N,
The supply pipes are laid radially away towards
periphery. This system is most advantageous will

"direct-indirect system" for obvious reasons.

9.10. Design of Distribution System :
Factors to be considered in the design of a distribution
sysiem are
(a) Type of Now-whether continuous or intermittent,
(b) Method of distribulion-whéthcr by
pumping,

gravity or by

(c) Probable future demand based on prospective incresac

N population. This also includes the industrial demand

as well as the fire fighting requirements.

406
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Winer “"’“Pply

(d) Period to be Considerey
S}'ﬁlen‘l Sl'lnl.lld h[.'. Llc'ﬁ' l“ hc Ilrc ( . .
stEned ant;: o Mpes used, -l‘hc

condition that wiy obtaj
AN neyr
i

e end
of lhi.: .
n

the amounts ge
- L asj
returned ti ; e for depreg;
cd the ﬁl's-,[ Cost "'prL‘l;‘];_[[i(}n \ |
; 1 51, vould by
(¢) The flow-formy]; e
I Cmuldc used ip 4
sed in Chap € desi
H er G- :ﬂgn h“\'c bﬁ
en
A
B
L Distribution
s Reservoir
L'_‘_'_'.._... G
C

Fig. 9.6 Radial System

on is 10 assume the pipe

le involved in the desi
sure heads which

k out the terminal pres
¢ end of cach pipe
cad in the pipe

The princip
size-and then 10 wor
could be made available at th

allowing for the loss of pressure-h

section after

section
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Water Supply

when discharging the peak flow. The peak or Maximyy,
flow in the pipes is taken as 3 time the average daily f,,
Factors causing loss of pressurc-head include size of pip,

eate of fMlow. and friction. Usually losses due to friction )y,

pipes are considered.
The available pressure heads as calculated are checked uplo

see if they correspond to the permissible residual pressure.
heads. If not. the pipe size is changed and the system
reinvestigated until satisfactory conditions arc 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

population, service reservoirs, pumping stations. main roads

and streets, existing main-lines and other similar features. A

) may be used

small , scale (say
=i

»

(b) Prepare detailed map of each district. showing in
addition to the aforesaid information for {he particular
district. location of all principal and minor streets. The
tentative alignment of all mains. sub-mains and brancl;rcs as

well as position of valves and other appartenances should be

'\ marked. Probable population tc be served by eath"SCCti;jn of

ANoO




tm
i\v_
e,

f]c

. | W‘ﬂlt‘r S“PDW
pipe-lin€ shoild he indicaieq (-l'
) “ bigger o,

T (95000
| (c) gstimate the rate of T
the fire-demand and determipe . or g

section of the pipe length. This u;

. - . 2lves

in the pipe. The maximum figy +
r \f

- ll: ¥ l“b lll - ‘

: aily Mlow
.'I“ bc 3 T 1y flow
| (d) Assume pipe sizes. The velou: mes of this,

ocity of flgw v

ft/sec.

thc avtragt d

aries 3-4

(e) Find loss of head due 1o friction in (e pipe-1

H 3 = sy =1¢ng =

in made of the Hazen-Williams formyla becaus Fulhl o
. AUse 01 the ease

with which calculation can b
¢ made due 1o .
ﬂ.]c ﬂ\:-“'lrlb' .
atlability

of Nomograph (Fig. 6.1). Usual value of C taken is 100
Alternatively the friction-low formula viz '

hy =— =
-8

(f) Determine the available terminal pressure-heads.
ice reservoir of the pumping station
wn. the pressure-head at

allowing for the

v

4 fLv* |
.. may also be usen { {=0.01) \ |
;

Starting. from the serv
~ where the total pressure-head is kno
. the end of any line would be determined by

fritional loss of head and any rise or fall due 10 slope ot the

pipe line and the ground levels. -
ot vapmiii
erence hetween the avmlah (ermin

(2) In case of diff '
pressure-head and the permissiblc prﬁ:SSl.JfL

_head. [eVISe the

ssumed pipe-size- ]
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9.11 Analysis of Distribution System:
Frequently it becomes necessary Tn' analyse Rivg, ‘
distribution system in order to determine through Quig
and approximate check, the pressures and flows availabl, -”'1
any section of the system and lo suggest ways 1o IMproy,
upon the same. it found inadequate, A few 1mpm-1;|m
methods. their principles and methods of determinatio, are

briclly discussed as below.
: This method is usefy j,

Equivalent Pipe Method :
rendering a complex network of pipes into an cquivalen,
pipe system giving the same discharge and loss of head g iy,
the complex system.

For purposes of analysis. the entire network of pipes is cong
idered to be split up into two portions : (i) pipes in series
and (ii) pipes in parallel,

Pipes in Series : Pipes carry arbitrarily chosen values of
discharge Q. flowing through branches AB and BD and Q..

flowing throuth AC and CD (See Fig. 9.7) It is assumed that
the loss of head for pipes in series is additive.

Knowing discharge (say Q)) and diameters of pipe-lines AB
and BD through which it flows. it is possible to determine
the loss of head H. in their total length (AB+BD) Here. use

is made of the nomograph as discussed in Fiw. 6.1. A single

length of equivalent pipe AD of
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Fig. 9.7 Equivalent Pipe

. known diameter can then be selected 1 give the same
3 values of discharge Q) and loss of head 1,.

'.iPipES in Parallel : In this head through PIpes in parallel e
" ABD and ACD is the same.

'I‘f.a certain loss ol head (say H,) is one assumed to oceyr i
lﬁﬂ-‘er arm length ABD and ACD fows through the arms

but

: oximate method
Method of Sections : This 1s an appm,\lmml
YIE
o o | . . & fUlln\V-
bives a qucik check and is simple 10 | )

| . : > |
lhe method may be described in the
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¥

network of pipes by @ number of sections g, by

(i) Cutthe |
ssumed direction of flow ¢« vy Difl
Tow (see k (iv) b

ce. at right angles 1o the 2
Fig. 9.8). Consider @ proper sequence of pipes il

character of district served ( residential or commercig

(ii) Calculate tbe quantity ol water to be supplied beyap
cach section,

(iii) Study the average available gradient. Vcloc‘ily allowey If:
in pipes is 2 to 4 li/sce. Permissible gradient should 1o |

between 1 to 3 1t per 1001t .

(iv) Find out the number of pipes cut by cach section.

(v) Calculate the total discharge of waler available at (he

end of each section by determining the discharge

capacities and number of pipes cut at a section and

summing these up.

S .
ANA //
4 >

A1 1 ¥
7
garal
{/J

Fig. 9.8 Mcthod of Scctions
412



WH'IL'I- H“p‘ﬂy

|;|
)
o ; ifTerence bepwe
.l'“'c (iv) |)|HIuL Iu..l betweey, the TCUuirey .
‘ alewlated discharpe o sehire.
) g | cnle ‘ | .HL-.L are mggle up 1y rge ang e
:;,ll | number o additiony Pipes o ”5’ hruwding SUitable
) : ) ' Q it Te
cach end ol seetion, OWable Efdienty 4,
[J“ -
(
-Cross Method -
Hary _ .'f Analysis o Flow
Network : City water distributio SYS1e Moa Pipe
Ill““I-'k,- - I Inee | ne ki are C';ll'np(}c. el
l \ inter conneeted pipes in branefyes and loopg Iy sed of
] ] S+ AN the ),
| h’c giVCﬂ outlet may  come from several - W o
e o g 5. The
determination ol the probable flow ip cach pine of
. . L " 0 a
network requires complicated ang tedious 1rig) and error
solution.
In any pipe network two conditions mus; be satisfied - (1)
the the flow entering a junction must equal the flow leaving it
arge and (2) the algebraic sum of the pressure drops (head losses)
‘ 2
and 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.c.. the
c

pressure drop (head loss) through any route between two

junctions in a loop must be the same
| water distribution systems ar

' dmation
of successive approximatio
ge of many

Pipe network problems in
usuaﬂy solved by methods

' i lutio
since any analytical S0 ‘
ns, some ol
s as a funcl

N requires the u

which arc nonhn- "
jon of Jischare¢:

ar. 1U1S

simultaneous equatio
i los
convenient to express head

3 : -'-i:e,
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| 2
1n=KQ" (1)
i which 11is the head loss in the pipe. Qs the thxq - ; “
is the constant (I:_pt.ndmb upon length, amey, .Ik i 2 th},a
1-;111lecaa ol the pipe a8 well as the Nuid propertje, iy 1' 6 4
the exponent. On the basis of the Manning ‘“‘llhllm,, 11 | -
while for the Hazepoy:. il {": | rpe—

Value of X would be 2
| 85. The Darcy-Wesbach formula giveg | _
s KO

Lquulmn \=T
or smooth pipes to 2 foi
] HIUH}

Ing [rom 1.75 [

L

of x vary
pipes. In pipe net- vork, the value of x is usually ‘ﬂ\ul l_ whe
1.85. | the
Hardv Cross (USA) developed a method of Succesg, -
approximations  in which the circuits are bakaneeg

distribution of flow is determind and the two conditiops -

flow are satisfied. The-solutions for pipe network problep,

suogested by Hardy cros requires that the flow in cach pip,
be assumed so that the principle of continuity is satisfied y
ach junction. A correction 1o the assumed flow i

computed successively for each pipe loop in the newwor
until the correction is reduced to an acceptable magnitude. I

Q, is the assumed flow and Q is the true flow in a pipe. the
the correction is Q-Q, and Q=Q,+A (9.2
Expressing head loss by Eq. 9. 1 the condition that the b
loss around any closed loop be zero gives .
ZK(Q.H&)\ = 0

Expanding this Summation
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)

. Wate, S“Dnly
YK +Xx X —]
g e g =l

X =
“ 2 FHK alga to= )
) (9.4)
If A is small ¢op,
par
terms of the expang; “dioqQ the (hirq .
1Sion may be hegl and gl Succeeding
X - lected, [enen
EKO +AENKQ-\ ] - lLI}CL_
a .
(9.5)

where A has been remgyeg fro
n

. ‘ 1 the L
the same lor all pipes of the loop Summation sinc i, is

- Solving for A gives

__ 2Kko,
XKo" (9.6)
orA=- X
XKD, (9.7)
Inflow
Inflow
Qabc 5
A Hab Hp
Hcd ‘
Qadc
D H dc c\OutﬂOW
Fig. 9.9
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water Supply

ple loop shown in Fig. 9.9, the arroyw, higyg
ady

Consider the sim . ‘ i
d direction ol low. TwWo cong:
{ “'”m

showing the assume

must be satisfied.
(1) Inflow at ths junction A must cqual outfllow "

junction
o flow in the clockwise direction ( '|
I

(2) Head losscs due t
pipes ab and bc) must equal head losses iy
counterclockwise direction (in pipes ad and dc) a
junction C. The (low correction A can be computed by
(i, +H, )= U + H,) 5

A= X [( ""{nh + Il!h;- /thr.' + (Hud + o ) ‘( Qﬂhi.')]

where A = flow correction in gpm Or CUSCC.

Qune = assumed flow in the clockwise direction in pipes gh

and be in gpm or cusec.
Quc = assumed flow in the counterclockwise direction in

pipes ad and dc in gpm or cuscc.
H,p, = head loss in the pipe ab in fi.
Hy.. = head loss in the pipe be is ft.
Hye = head loss in the pipe ad in fi.
Hy. = head loss in the pipe dc in ft
x = exponent =1.85

In practice. the Hardy Cross method is usually applied b

the following procedure :
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ICady
(a) Carefully ¢y

18 sy
- llr'r“l‘ll,_' 1
rates of flow in ¢, * Nelwory
: ach p; ¥
] each junction, PC sucp, " asgy
1¢ I thl.lll ”n\'., re“!ﬂ)nahl
| (l::) n each loop detern; CQuals ooy l
(i | pipe. 1¢ the hegg lo
In : 55, Ha
¢ 0 si
round each cirey; Sign, ¢
the L TOMPULE the (o |
(d) Compute, withou e 1cad Josg
L] 'l"“- .
(e) A. the o PRIt Cireuit the
. INC correction, ig com
: ? uted f
7. The - Pulled for g
? ¢ MINUS Sign can be disreparged CTI 100p by the Eq.
so obtained is made by SRS arded since the correctign
n
Apply cor : o
1b () Apply corresponding correction 1o cach pie ;
loop. When the sign of A j ach pipe in cach
Jockwise {1 gn ol A s positive (+). decrease the
clockwise flows and in .
crea ; :
. Where sign i i secounterclockwise flows.
: s negative (—).. i :
g (—).. increase clock-wise flows and

decrease counterclockwise flows. Pipes-that are common to

two loops require a double correction.
) (z) With adjusted flows, repeal the procedure for the second
; approximation. The procedure is continued untile he desired

accuracy is attained.
| Elcctrical Network Method
d to solve complex
ble to turbulent fi
jction of the fi
s called fluisto

. An electrical analogy is
ork problems.

pipe-netw
ow in pipes sinee

sometimes use
rst power of

~ Ohm's law 1s not applica
it makes dischage (currcnl) afu
the potential gradient. Special fube

rs. e
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water Supply

—— |
l teveloped which cause voltage 0 Vary with (, 85 ]1
ween deve . 6
Wwith these tubes in the cireyy, U
- \u

¢ currenl. -
- sir ¥ ..
and Mow (current) distribution can

and current at the desireg
Sirgy

power of th
pressure (voltage)
determined by measuring voltage
junctions. | |
Computer Method : Another method of solving 4 Pine

s (o usc a computer. Programming ke

network problem 1 :
' up. there is great flexibility, 1 |
{ime and care, but once set up great flexibility, |

effect of changing a pipe size. for example, can be reagi),

determined by simply replacing the old data card for thay
pipe with a new one. The speed of the computer ang

accuracy that can be obtained are the Oulstanding |
advantages of this approach. ) i\
Example: Given Pipe network shown in Fig. 9.10 wjj, |
inflow of 3500 gpm at the junction A and outflows

follows : junction C-700 gpm, junction E-2.100 gpm. and |
junction K-700 gpm. Use Williams and Hazen formula, (=
120 and determine the rate of flow in each pipe when the

pipe network is porperly balanced.
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water Supply

3500 gpm '
i 1000 ft 12 Inch dia E/?Oo
Inch dia "
\A' 1008 _2_{%2_ — f;'ﬁ_ B 1388 -—-—-____(;] i
B |, e —= 8
m = izl B
5 |coe ok 2
S m Om§ e -
(=] m m z
e §§3 Ra @ ‘ “ =
=) 8 <
2 1” — g 2100 gpm §§§ S
) i 8 Inch dia
1000 ft 10 Inch dia /1000 ft -

D — e 1 (1 —=—— 100
ogo T —— 47
égg — 8} E%i —— a3 | q
£85| 5 83| 2
B < 2
5 (28@ £ P
£ = l =
o | 2R & S
S 33/ gugl =
8 el o . mmm
© | 1000t 10Inch dia 1000 ft 8 Inch dia
Gom —= Q" ¥ =< @
273 —— 53} 374 — (3) 200 i
Fig. 9.10

Third trial denoted by (3): Detailed calculations have no
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 various

»  pipes of ihe network has been approximately balanced.
~ 9.12 Appurtenances in the Distribution System :

The various appurtenances commonly used in a distributio?
system are:-
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Wutcr Sl:nm}_
(1) Sluice valves g Shut-gpp Vitlveg (5
H 3 2 y, I
Valves ) (2) Cheek valves ¢
- HITY
valves. (5) Hydrap,g an !m v

bricl as follows

' Aurn valves, (3 Air r non

alves, or Scour
CY are deseribed iy
Sluice Valves - These ;
through pipe-lineg , ;
ains ang

habling repairs 1o be
Supplics in the e of

aced at intervyls of about 500
800 fi. and invariably provided

intersection,

AN sections ¢
out affecting
the sections. These may be p|

af Cvery point of

A vertical section through screw-down shuice valve.
commonly used is shown in Fig. 911, It consists of a
vedge-shaped gate which is raised or lowered on grooves
\ g | -
ith gunmetal faces (hrough o spindle by tuming a hand
wi . - | |
heel or by turning the cast iron cap with a wrench, thereby
| e : e on
' closing the passage of water through the pip
- ) irection of rotation for closing the
hich it is fixed. The dircction o
which ?

valve is usually clockwise.
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wiiter Supply

Gland Panching
Thrust Collar

Bronze Spindle
"
Gunmetal g
Spindle nut 7 ]
— )g Gate in Low Position
" /.
\ L

Gunmetal Seating

Fig. 9.11 Scrow-down Sluice Valve

Stop Cock: Stop cock is another type of serew down valye
only in smaller sizes in the case of a bib tap. The body of

the valve is so cast that the water must pass throueh an

orifice which is normally arranged in the horizontal plane. A
plug or a ljumper' can then be forced down on 1o (his orilice

by a screwed handle, shutting off the water flow

in Fiz 0.2 as shown
‘I ! W BV v r -
& . Stop cocks extensively used in case of service

pipes for sizes up to 2 inch.



Check Valves
: es : Also called reflex valve o
| . r nonreturn valve
~as valve Is an automatic type of v [ -

e | ol valve which allows the

water to llow through i irecti
| ugh in one direction and prevents it from

flowing back.
It consists of a flat disc or door within the pipe line. pivoted
so that it is forced open when flow of water is in one
direction. and forced shut against a gunmetal seating when

be in the reserve direction (see Fig. 9.13). I
seating is normally arranged

This cnables the disc to close
with the

flow tries to
will be observed that the
slightly out of perpendicular.
automatically by gravity when th

valve fixed in a horizontal pIpe.

ere is no flow.
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