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'CHAPTER 1
- INLBODUCTION _

4.1 GENERAL IMPORTANCE

or lh? many essential elemeng for ihe sxcliisnce o husan beis gs and animals and universally
gnown as i, watcr, food, shelter etc,, wyqers importance is rated as the highest. Water is considered
Bbsnlutﬂ-r}" essential to mﬂ"ﬂ_in Hfﬂ S.i[“:e tl'“: P"]Iﬂpliﬂgm of many “‘ring cells mnmim abuul ED per
cent water and any substantial reduction i this levl is disastrous. Most of the biochemical reactions

: ' tabolis :
which oecur in me bolism and growap, of livi $ ; g such, water
is referred as the universa| solvent, i cellsinvolve the medium of water. 2

It is estimated that gwq

“thirds of the hym i : Water is required
risfacto : an body is constituted of water. Water }
for the 52 Isfuud :1:& rﬁﬂmanw of physiological organisms, as a circulatory fluid, as a carrier of
nnﬂﬂ"]“"g or the removal of products of wastes,
n uses water i i

- M.hcating and at:;l::lnew Of purposes. These include drinking, bathing, washing laundering,
-:Ul'"ag:l,“g Wit Al F"“_'““E:m"iﬂﬂﬁﬂn. gardening, industrial processing, power generation,
fire '::Eud wil::l life pro pﬂﬁ:ﬁ' ishing, swimming, boating and other recreational purposes, navigation,
fish e nﬂeni:i PAg ; on. In F‘“'-'s every activity of man involves some use of water. Further,
as Wi Wn TTOm Springs, rivers which give rise to site for human habitation and

1.2 DEVELOPMENT OF PUBLIC WATER SUPPLY

The earliest methods of obtaining water supply were (a) natural (b) artificial. Natural methods
Jay in tapping nivers, lakes and natural spr; ngs. Many towns and cities are known to have sprung
up along such sources of Water supply. Antificial methods lay in tapping underground wells.
Considenng the ac:am:,i l'ﬁfi‘i.mremtnts of the ancients which were mainly for domestic purposes, these
SOUrCES, natural or artificial, were generally deemed as ample.

As, hn“:"ﬂ\"ﬂl‘, Fﬂpu]ﬂtiﬂn Erew and there was influx of people in urban areas, water had to
be made available in adequate quantity near towns and cities. This led to the construction of
underground m"_'d“m and aqueducts for the conveyance of water from a distance and subsequent
storage to be ultimately distributed to the inhabitants through a pipe-system.

Where the source of water supply happened to be situated lower than the areas to be served,
it became necessary to lift water by the installation of pumping machinery, which was, therefore,
the next step in the development of public water-supply.

As civilization advanced further, there were rapid expansions in the fields of industry and
commerce, the demands on the water supply systems correspondingly increased with higher con-
sumption requiring larger quantities of water and greater and more dependable pressure of supply.
This led to the construction of not only underground storage tanks but also of elevated or overhead
reservoirs, known as Service reservoirs, located in hearts of towns and cities. These amply served
obalance the variations in the public demand apart from regulating supplies at adequate pressures,

3
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ISTO REVIEW
1.3 H | Hl;ﬁlt' of wells is considered as the most ancient method of obtaining e,
Hl;mrwnll.'rﬁflhﬂmgi and rivers, Mention of wells has been made |1'! Rig Veda dating 400y,
supply nl_';l;t:':;l:::m :f; also constructed in ancient Greece and Persia. Along with diggin,
B.C. :‘H:uhcr amenitics like rain water storage and water distribution :'ﬁ"ﬂl"ﬂ l'!s-l:i '-I'dufl!-l:-d. I"fll!l'm-g_
of wells, these water supply installations were made by the construction of mﬁltratlmr galleries ;
::T:smmm 2000 years ago. Later on because of quantitative inadequacy of supplics availab),

through these sources, water was tapped from springs by the Greeks and Ruajmns and “"m"ﬂq
over far off distances through aqueducts. Simultaneously, underground reserveirs were Wl'mrumm
|

in Egypt and India to serve irrigation purposes. |
It was during the Middle Ages that with the destruction nfi?t: Roman Empire and the ag
built by Romans, the water supply development received a big jolt. The supply of wholesome

became scanty and restricted to big and important cities. The majority of pa]:uﬂace took to
of grossly polluted waters and scourges of water-borne diseases swept the continents of Europe arg

America. It was only during eightteenth century that further appreciable progress in public Wate,

supply was witnessed. Power-operated pumps were introduced. These gave considerable i
to the construction of modem water works developed in the following century. Besides the instg],
lation of a slow sand filter in England in the early eighteen hundred marked the starting point o

the rapid development of water treatment in Europe and America. In India, Calcutta was the firs
city to have a modern water supply system constructed in the year 1870

1.4 NEED FOR PROTECTED WATER SU PPLIES

sary that all water supplies must be mﬂl.'l!bll'l'
dissolved in water and no untoward risk should
contamination. In this respect, it shall be
of water brought into use since the ancient

From the public health point of view, it is neces
free from all types of impurities whether suspended or
occur to the health of the public as a result of any water
of interest to trace out the various methods for purification

times.
The carliest method which the ancient people knew for securing potable supplies was byl
use of water from wells or springs i.e., ground water. It was believed that such water in the o
of its movement through the porous sub-strata was completely relieved of all of its sus; ;
of impurities.
When the surface waters as from rivers or lakes were used, the method employed was:
such waters remain undisturbed or quiescent for some time till all the turbid suspended pag
settled down and clear potable water drawn off from upper layers. This led to the constructi
impounding reservoirs.

The next development in the purification methods was through the process of Filtrat
allowing water to pass through beds of sand and gravel whereby minute suspended and di
particles which could not be removed earlier were caused to be removed. It was found
process of filtration was greatly accelerated if waters were pretreated with certain subst '

when added formed large masses of precipitates or flocs out of the impurities present ang
in the process settled down and were ultimately removed. The water pre-treatment process

called Coagulation, but this process was equally known to the ancients who used solutions gf

vegetables called nirmali. Nowadays, alum is chiefly used for this purpose.
The water having undergone through filtration was still found to contain mm}% 2
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ed in miaki
n e
gre the Government, (he COmmunjty nf: and sanitation programme really effective

(rough its Central and Sipq0 Adminigg public health engineers. The Government
in pﬂ::c;tnrfmn:?lt : ::r::ﬂ;:unm.:_ tm pr:n:l: r:;:;ﬁt lnﬁi:al agency to m:c |: h:_ lead
rovidi * % e bagic pee - ; TR all such programmes which aim at
Government of India evolyey i1 1ocr > +€» health of ity people. Realizing this objective, the
e primary object of proyig;,,
:md sanitation, & throughout the count

d 1th|.- Sanitary or
mllt_}n i admitted

Water Supply and Sewerage Boards while in some states, other
h Engip

ment, Rural Engineering Detsae ¢ering Department, Panchayati Raj, Community Devel-
oF d PWD are responsible for the execution of water supply

4t such agencies should be adequately equipped for the
€3¢ schemes,

It is Necessary
design, execution and maintenanee of th
Poor maintenance of existin
PR E Wwater sy ly g ' i
Jocal community in maintenance arrang e o I sl e

ément, shortage of staff and inadequate funds for mainte-
are some of th R
pree i RooNS Wh thg cXisting water supply schemes have failed to produce the

expected results. It is clear that the Operation of smal] pyral
with the participation of village Conmmunj ton; I gy O ey 5686 i s

and institution. In ¢ . :
are generally of small size, it i ~ Y nstitution. In case of many of the villages which

» 1115 possible for the block and village level functionaries to take care

> COMmunity participation implies the drawing in of such agencies
as the ]t?i:ﬂl‘ de}' administration, prominent citizens and individuals. The part played by the
community 1s an important one. It is through the local administration that the projects have to be
financially borne and technically supervised on completion, Leading citizens though not sometimes
members of the local administration can bring to bear considerable influence and support on the

success of the project-programme. The individuals or the people of the community must have the

necessary health education and awareness to make them realize the need for safe and wholesome
water and the part played by the wate

r supply system in fulfilling that need. Only then, it would

be possible to marshal public support and make community active participant in the programme.
Since most of the diseases like cholera, hepatitis, typhoid, fluorosis etc; are caused by polluted
water and insanitary conditions, water quality surveillance has to be given due importance. Realizing
this, major programmes of water quality testing were undertaken by the Central and State Govern-
ments during the eighth plan under which water quality testing laboratories were established in all
major districts of the country. Besides, problems were identified and public awareness programmes
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QUANTITY OF WATER

51 ESTIMATING REQUIREMENTS

Of prime importance in the design of the water supply system, is the framing of an estimate
givine the total quantity of water that will be required by the community after the completion of
the works. The estimate enables the determination of sizes and capacities of all the constituents of
ﬂ“ﬂmrsuppl}r system. This is arrived at with the help of two factors :

1. The probable population estimated at the end of the design period.
2. Rate of water supply per capita per day. ;

»2 DESIGN PERIOD

This is the period into the future for which the estimate is to be made. The period should neither
pe too long so that full financial burden is not thrown on the present generation, nor should it be
too short 50 as to avoid the design becomimg uneconomical. In practice, a period varying from 20
to 30 years is considered sufficient for design purposes.

23 PER CAPITA CONSUMPTION

For the purpose of estimating total requirement of water of a community, it is usual to calculate
the consumption on an average basis and express it in litres per capita per day.

If O is the total quantity of water in litres required by a community per year having P as its
population, then the per capita consumption or demand in litres per capita per day (lpcd) is given
as

4 2]
P x 365 21

24 FACTORS AFFECTING PER CAPITA CONSUMPTION

The various factors and the way they affect the per capita consumption are started as follows.
() Climate. Hotter places require higher consumption; in domestic use there is more of
bathing, in public use more of lawn and street sprinkling. Hotter temperatures also lead to greater
use of air conditioning.
(if) Class of Consumer. For people having higher economic status and better standard of living,
requirements of water supply would be greater.
(iif) Industries and Commerce. Consumption is usually higher when water supply has to cater

for large industrial and commercial uses.
() Quality of Water. A water works system having a safe and wholesome water supply would
always be more popular with consumers who would, consequently, depend less for their réquirements

upon such sources of water supply as private wells.
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Table 2.1, Effect of Population on Rate of Consumption

|
Per Capita consumption in lped”

Population Community withour sewerage Community with sewerage
1,000-5,000 60 80
5,000-20,000 80 100
20,000-50,000 100 120
50,000-200,000 160 160
Over 200,000 | b b

‘a" with maximum permissible variation of 20%.

"&" industrial plus commercial uses including air conditioning or 180 Iped. whichever is greater,
2.5 CONSUMPTION FOR VARIOUS USES

(a) Domestic Use. This includes water furnished to houses or private buildings for purposes
of drinking, washing, bathing, cooking, sanitary and other purposes. This varies according to living
conditions of consumers. The standard recommended for use in this country is a minimum of 135
liﬂﬂpﬂ:lpfﬂpﬂrdl}tﬁismmahmniﬂpﬁmnfﬂwmmmmpﬁm.

The consumption standard of 135 litres per capita per day may be estimated as follows

4.5 lits

St e ik
Washing clothes, utensils and houses, ablution and bathing 49.5 lits
Water closets 22.5 lits
Trade and industry 22.5 lits
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Pal street wayey; - ;
" “ﬁ“E“ishin;Ei, Public baths, flushing sewers, 22.5 h.lﬁ
mal drinking ang cleansing of stables 1559
-——-_-.---.
o 135.0 lits

ci + Sugar refineries etc. The consumption will vary greatly with the
ty. An average of ghout 20 to 25 per cent may be allowed in the design.
halls, jail § water used for public buildings such as schools, hospitals, Blr_.'l"
may :;m;mt:}ﬁe WALE consumption is for sprinkling, flushing streets and fire protection. This
@) about 10 per cent of the total consumption.,
WO or dﬂ m:r: ml fe. This is the water “unaccounted for” and may be due tn bad plumbing,
be minimized ?—.&d lc?kf mains, unauthorized water connections and other wastes. This can
be considered ¥ careful maintenance and universal metering. With a fully metered system, it may
‘0 be about 15 per cent of the total consumption.

The wate . X o -
33 belaw r SI.IPPL'I-" requirements in case i:-fpul:h:; bm]d“]gs of varous types are given in Tahle

Table 2.2. Water Supply Requirements for Public Buildings other than Residences*

3. Ne, Tipe of Building Cansumption per day
(litres)
L. | (@) Factories where bath-rooms arc required to be provided 45 per head

(5) Factories where no bath-rooms are required to be provided 30 per head
2. | Hospitals (including laundry) per bed

(@) No. of beds not exceeding 100 340 per bed

(B) No. of beds exceeding 100 455 per bed
3. Nurses homes and medical quarters 135 per head
4. | Hostels 135 per head
5. | Offices 45 per head
6. | Restaurants 70 per seat
7. | Hotels 180 per bed
8. | Cinemas, concert halls and theatres 15 per seat
9. | Schools .

(a) Day schools 45 per head

(b) Boarding schools : 135 per head

10. | Railway and bus stations
(a) Intermediate stations (excluding express and mail stops)
() where bathing facilities are provided 45 per head
(i) where no bathing facilities are provided 23 per head

¥ 18: 1172-1983 Indian Standard Code of Basic Reguirements for Water Supply, Drainage and Sanitation.
(Third Revision)
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2.6 FIRE DEMAND
. | ing pUTpOSEs. As al
It is the quantity of water required for rﬂﬁw:ﬂwm:ﬂhﬁfﬂ# e ,"

mﬂilwuhhﬂmmlhﬂi—mﬂf‘m . ice-pipes
capacities for pumpt. rescrvoirs and serY

the decxding factors in fixing
ysiem. N N
lation but with a minimum limik, ht::m:_gﬂm: . m
<k of fire. By the minimum limit e
largest poss

Fire demand is a function of popu
lation, greater the number of buildings
demand is meant the amount and rale 0
fire that could be started in the community.

uﬂsﬂ:ﬂﬂﬂ!ﬁ Ly
{ water supply required 10 extinguish the

the help of the following empirical formulac

The estimate of fire demand can be made with
Narional Board of Fire Underwriters Formula :
A2-2)
o= a,ﬁ}?ﬁ[:—u.uxﬁ'}
2.3

Freeman Formula :
0 = |,|3-5,5{?F + m]

Q = Fire Demand in lits. per mt. (lpm)

P = Population in thousands.
results. The following empirical formula due to

The above formula usually gives quite high
has been found to give satisfactory results :
.(2.4)

Kuichling
o= 3182JP
pressure at the hydrant of 1-1.5 kg/sq. cm.

At a demand rate to be maintained at a minimum
for at least four hours and with automobile pumper in service.

lasting
Thus, for a population of 100,000, values of fire demand based on the above formulae are :

National Board of
Fire underwriters 4,637 V100 (1-0.01/100) = 41,733 Ipm

100
Freeman 1,136.5 [--5—+H]} = 34,095 Ipm

;uichlins | 3182100 = 31,820 Ipm
o I;;bﬂﬂfﬂfmulﬂﬂsuffﬂﬁﬂmihﬁﬁ'ﬂwhﬂkﬂmtﬂwsﬂmﬂﬁlﬂ]ﬂﬁdﬁﬂ!ﬂﬂw of distri(
- Thus, although the probability of occurrence of fire with a given duration may be greatt
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for the mduslh'inl mﬂ'm.n the residential area, the formulae will give same values of the fire demand.

For lm_imn conditions, we have the following methods which give estimate of fire reserve.

(1) Ministry of Urban Development Formula

) Q = 100JF Ipm +2:3)

for communities larger than 50,000,

{f:j Ind:m;{;‘."-mndan{;' recommend that the fire reserve should be provided at the rate of 1800
[pm for ";;”‘"T »000 population and an additional 1800 Ipm for each 1 lakh population more than
3 lakhs. For towns of population | Jakh ang below, the total requirement should be doubled. The
fire reserve should be maintained for at least 4 hours.

2.7 INDUSTRIAL DEMAND

For the growth and development of industry and commerce, it is necessary that sufficient
quantities of waler are made available. As water required would vary depending upon the types of
industries, units of production and the different processes involved, a detailed study would have
to be made to predict the industrial demand of water. In some cases however, the industries may
choose to develop their own water supply arrangements or recycle the waste water for reuse after
treatment. This could result in little or no demand on the municipal system. Since zoning the city
affects the location of industries, zoning information would also be needed in estimating future
industrial demands.

Table 2.3 gives the estimated requirement of water for use in different industries in the country.
It would be seen that there is a large variation of water use by industries.

Table 2.3. Water Requirements of Industrial Products

Industry Unit of Production Water Requirement \
(Kilolitres per unir)
Fertilizer Tonne 100200
Distillery Kilolitre 125-175
Leather Tonne 45
Automobile Vehicle 50
Paper Tonne 300
Textile Tonne 90-150
Petroleum (crude) Tonne 1.5-3.0
Steel Tonne 250
Sugar Tonne 2
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in predictions will be the
Slu i
dy of population trends of similar citics and consuliations with local

ufﬂ-ﬂlh.
The followi
ng methods are generally used for predicting population :

(1) Annual Rate of Increase Method
(2) Arithmetical Progression Method
(3) Geometrical Progression Method
(4) Incremental Increase Method

(5) Changing Rate of Increase Method
(6) Graphical Methods.

These are described as follows :
2.9.1. Annual Rate of Inc
: rease Method. In this method, the rate of increase per annum s
first xtcnnm:d' and the population predicted therefrom.
N s (2.6)

P_ = Population at the end of n years

P = Population at any time

. i = Annual rate of increase of population.
As the rate of increase of population is not a constant, the results obtained are approximate.
1950 and 50,000

2.9.1.1. Example. The population of a certain town was 40,000 in the year

:n 1960. Determine its population in the year 1970.
Solution. The increase of population is obtained from

s
i: J'I'_Pﬂ_l
F

= 440,000

= 50,000 (1 + 0.0226)"" = 62,500 Ans.
ethod, a constant increase in the growth

Population in 1970
be determined at the end of n years or

2.9.2. Arithmetical Progression Method. In this m

of population is added periodically. The population may
n decades.
Thus, R A 2.T)
p = Present population
of population.

Per year or per decade increase
wns which have siahilized. Its use s limited as

a constant percent age growth is assumed

2.0.3. Geometrical Progression Method. [n this, .
the population at the end of n years ot decades is given 8s
-(2.8)

for equal periods of time. Thus,
= iy
P, P[I T

i = Per year or per decade
give erroneously
f hort duration only.

‘:;

The method is good for old cities or small to

it gives rather low results.

where percentage rate of increase.
This met high results when applied 1

hod should be used carefully as it may
young and rapidly advancing citi

es having expansion 0
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2.9.4, Incremental Incrense Method. In thig, he avernge of Increase in population is i
9, Arithmetical Progression method and 1o that I ndded the pverage of the ney increm,
L every future decade, Evidently, this method embodies the ndvantages of
mmﬁ;ﬁ:limdﬁ and the value of population obtnined is therefore more correct, thy
pm:;_gj_ Changing Rate of Increase Method, This is nlimllur o the Geometricy
method except that a changing rather than a constant rate of increase is assumed, ‘T
for large and grown up cities is usunlly considered to be n dmm:mlng rate, This me

| Progregs
e Bhangi“g Faty
thod Bives quht
rational results.

2.9.5.1. Example. The population figures of a town during the four decades Le., 194p %
1960 and 1970 are 20,000, 24,500, 29,500 and 35,200 respectively, Predict jis T-"':'Pulaﬁm; i 3,
vear 1980 and compare the results through the Arithmetical Progression, Geometrical Phigss ‘Iht
Incremental Increase and the Changing Increase Rule methods, Sston,

Solution. The computation involved in these methods is illustrated through Table 7 3
Table 2.3. Prediction of Population

Year | Population Increase Incremental Percentage Decrease in
per decade Increase Increase | Percentage Incregse

1940 20,000 — e - ; B
1950 24,500 4,500 - 225 “
1960 29,500 3,000 500 20.4 2.1
1970 35,200 5,700 700 19.3 1.1
Total 15,200 1,200 62.2 3.2
Ay

erage 53,070 600 20.7 1.6

Population in 1980 :
(1) Arithmetical Progression Method

= 35,200 + 5,070 = 40,270
(2) Geometrical Progression Method -

- 20.7
33,200 + o5 % 35,200 = 42,486
(3) Incremental Increase Method

= 35,200 + 5,070 + 600 = 40,870
(4) Changing Increase Rate Method
193-1.6
= 35,200 + T 35,200 = 41,430,
The above shows that the predicted population figures of the A.P. and GP. methods give too
low and too high results. Though the figures obtained with the Incremental Increase method are

better and lie in between those of the first two methods, the figures of the Changing Increase Rate
Method are the most rational and accurate,

2.9.6. Graphical Methods. These mpstly involve extension of the plotted data on a population.
time curve. Considering towns which were in similar situations over 30 or 40 years ago and drawing
graphs of their increase of population, the extension of plotted data for the city under consideration
can then be reasonably assumed. This method being logically based gives quite accurate prediction
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of population and is therefore frequently used when population figures of other similar cities are

kaiowwm.
80,000
y
70,000 B/
5 50,000
; F
4 50,000 o
40,000
30,000 ,,?*"
Eﬂ.ml::j
X-1930 1940 1950 1960 1970 1980 19890
Year
A 1930 1940 1980 1860
B 1935 1045 1855
C . 1833 1043 1853
D .. 1934 1944 1954

Fig. 2.2. Graphica

influenced by the rates of growth of cities B, C and D.

| Method of predicting Population.

In Fig. 2.2, the population time curve for the city X is plotted upto the year 1960 in which
its population was 40,000. City A reached 40,000 in the year 1930, so its curve is plotted from
the year 1930 onwards. Similarly curves are drawn for cities B, C and D from the year they reached
X’s population of 1960 i.e., 40,000. The curve of city X can now be continued allowing it to be
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