Water Demand

INTRODULTION

In this chapter, we are going to understand the duly of anengineerin demgnmg awaler supply scheme
for a particular section of the communlty. which becomes imperative upon him.

* Firstof all, we wil ayalualq the amauntof waler available and the amount of water demanded by the
public. ’

* , Infac, the first study is to consider the demand and then lhe second requirement s to find sources
10 {ulfill that demand Many 8 ﬁmes. a compromtse is sought beiween the two.

« Todesigna waler supply. we must first estimaté the popdahon for which the scheme shouid be
designed. The ‘schame once instafled, must cater for the demand a! tha projecled populalion upto
some predetermined fulure dale.

1.1 Water Demand .

Eslimalion of demand lor waler is the key parameter in planning a waler supply scheme. The agriculiure
seclor consumes more than 80 perceni of tolal water poleniial created in our country. The remaining pottion is
utilized to meel domestic, industrial and other domands.

Tha improvementin lee-slyre and associaled industrial developmen of a nation push up the per capila
demand for water.

i
1.2 \!anous Types of Water Demand

« The prediclion of precise quantily of water demanded by the publicis very da{ilcul{ because there

are 50 many variable factors affecling water consumption.

« There are some certain thumb rules and empirical formulas. which are used lo assess tis quantity,

which may give fairly accurale resulls.



Thete are dilferent types of water demz;nds:
121 DomesticWaterDemand " '

 Domestic waler demand includes the waler requiredin privaie bullding - drinking, cooking, bathing,
gardening putposes etc. which may vary accorging 1o the living carilions of the consumers.
* Thelotal domestic water consumplion is near about 50 1:60% of the 1otal water consumplions.
¢ The IS code caps a limit on domestic wa!ar consumplisn @etween 1350225 fped. '
. Asp?r 1S code, the minimum domestic « ater demand unfer ordina};;cndilions for a town with {ull
flushing syslem should be laken as 200 /pcd althougn it can Bagminimized uplo 135 Jped for

emgunicaﬂyweaket section and-LIG colonies {low income group; depending upon prevailing
condilions. .

_In developed and an eificienl country like USA, this figure usually goes as high as
340 Ipcd. This is because more walc: is consumed in rich living, in ui-condilioning, air-cooling,

. balhingin bath lube, dish washing of utensils, car wasking, home Hundrias, garbage grinders,
-y elc i

122 IndustrialWaterDemand

] ‘The industrial water demand axpreses; the waler required for induslriag which are either exisling or ar@
likely to be started infulure, in the city lor which water supply is being planned.

» This water requirement will thus vary with the types and number of industries presenl in the city.

* Inindustrial cilies, the per capita requiremant may finally be con puté’d to be as high as 450 Ih/d as
compared fo the normal indusirial requirement of 50 /ih/d. =

Tablo: 1.1 Water Requirements for Commercial Buildings (as per {S codo)
SNo.|  Typeofbuliding Mmg%%f:fj}”"““
1. | Factories N
{a) Where bathrooms are required to be provided o 45
{b} Where no bathrooms are required s
2. | Hospitals {Including iaundry, por bed)
{a} Number of beds loss than 100 340
{5} Numbor of beds exceeding 100 s“jspﬂf\\
3. | Nurses homes énd medical quarters 159 !
4, | Hoslels N «13?.‘1 !
5. | Holels (per bed) ) 180
8. | Reslauronis {per scat) 70
7. Offices 45 i
8. | Cinemas, auditoriums ond thealres {por seal} 15
9, | Schoels
{a} Day scholars 45
{b} Residenlials 135

Tabla: 1.2 Walar Requiced by Certain Important Industries
e T Jf . 07| Approximita Quantity of
. N;;r\he‘"oimdusﬁ'w‘j | unitof production - “:gu':ﬁ\:m“l”:a‘::: of
) ] ) Inklo Htros . .
1, Aulomobiles :Vehldo 40
2. Fedilizers Tonne 80-200
3. Leather Tonrte (or 1000 kg) 40 (or 4)
4. Paper Tonna . 200 - 400
5. Petroleum Refinary ‘i’onne {Crude) 9-2
6. Sugar Tonne (Crushed cane} 1-2
7. Textile Tonne (goods) 80 - 140
8. Distiflory (Aleondl) | kila fitra ' 122-170

1.23 Institutional and éﬁmfnerdalWater demand

On an average, a per capita demand of 20 Jfvd is usuatly considered to be enough to meet of such
commercial and institutional waler requirements aflhough ol course, this dernand may be as high as 50 Ifnfd for
highly commercial cities. o :

The Individual requirements would be as fallows:
Schoals/Colleges : 45 to 135 Iped
Rastauranis : 70 ipcd
Holels : 180 fped
Hospilals : 340 ipcd (when beds is less than 100), and 450 fped (when beds exceed 100)
Airporls : 70 ipcd
Railway : 70 Iped {for junction with bathing tacility)

2. Offices : 45 ipcd
4. Cinemaandihealres : 15 /ped

NG w =

124 Demand forPublicUses

This includes water requiremant for parks, gardening, washing of roads elc. A nomina! amount, not
exceeding 5% of lhe lotal consumplion may be provided to mesl this demand.

Afigure of 10 /ped is usually added on this account while compuling tolal waler requirements.

1.2.5 Fire Demand
¥

Tha quantity of waler rgqufred for extinguishing fireis nat very large. For a total amount ol water consumption
far a cily of 50 lakhs population, it hardly amounts (o 1 fpcd of fire demand, but this water should be easily
available and kept atways stored in slorage reservairs, as quantily of water required is in very less duration.

In thickly poputated and industria! areas, lire generally breakout and may lead 10 serious damages. il not
controlied elfectively. Big cities. therelore, generally maintain full fire fighting squads. Fire fighting personnel
require sullicient quantity of waler, 50 as Lo (hrow il over the fire at high speed. A provision should, therefore be
made in modetn public vater scheme for fighling fire breakouts.

Follawing requiremenis must be met fof the fire demand:

»  The minimum water pressure available al fire hydrants should be of the order of 100 10 150 kN/m?
{1010 15 mof waler head) and should bo mainlained for 4 105 hours of constant use of lice hydrant.



The fel streams are simultaneously thrown Irom each hydranis: ane onthe burning properly and one
each on the adjacent properly on eilher side of the burning properly. The discharge of each slream
should be about 1100 #min,

L4

The number ol fire jets required depend on the size of populalion and given by F = 2.8JP , where
P = Population in thousands.

Do you know? Generally, for a city of 50 Lakh population; the fire demand is 1 fpcd,

Caleulation of Fire Demand

* For cilies having population exceeding 50,000, the waler required in kilo lilre may be compuled
using the relation? Kilo litre of waler required = 100JF . where P ='Population in thousand
* Kuchling's Formula ; It states that
0= 3182 J? 0= Amoun! of Evaler required in litre/minute
P = Populalion in thousands.

X P

* Freeman’s Formule : It states Ihal Q=1136 5+10
* Natlonal Board o! Fire Underwritars Formula )

(a) For Central congested high valued city

() When populalion is less than or equal 1o 2 Lakhs E 4637\!’5[1 ~-00 1?]!

{i)  When populalionis more than 2 Lakhs, a provision for 54,000 litres/minute may be made with
an exlra additional provision of 9,100 o 36,400 lilres/minute for a secand fire.
(b) For a residential city
The required draft for fire-fighling may be as lollows: .
(i) Small eriow building = 2200 litres/minute
(i} Larger or Higher building = 4 500 lires/minule
{ii) High values residency, apartments, lenements = 7650 10 13500 lires/minule
(v} Three storeyed buildings in densely built up section = upio 27000 litres/minute
* Buslon's Formula : It slates Ihat, Q = 5663P

NOTE: Allthe above formulas suller from tha drawback that they are not related lo the type of districi served
and give equal results for indusirial and non-indusirial areas.

Compule the fire demand’ for a city of 2 lakh population by any two formulae

{including that of the Nalional Board of Fire Underwriters) '

Solution; '

(i) Therate of fire demand as per National Board of Fire Undervriters Formula for a central congesied !
cily whose population is fess than or equal to 2 Lakh is d:’ven by ;

0 4537\55[1—0.01\/5] - 453?{,50_0[14‘01\@'03]

$6303.08 #/min = §ﬂ@%+ﬁgjﬁ

(i) Kuchling's formula, Q= 3182JP = 31824200//min; A = 45000.27 4jm = 64.8 MLD

I

It

MLO = 81.08 MLD

126 Water Required to Compensate Losses in Thefts and Wastes

This includes the water losl in leakage due lo bad plumbing or damaged melers, stolen water due to
unauthorised water connections, and other losses and wasles. )

These losses should be laken into account while estimaling the tolal requirements. ‘

Even in the best managed waler works, this amount may, be as high as 15% of the tolal consumption,
whichis nearly 55 fped.

Total Maximum Water Demand . .
jtis the sum of abgve six demands and IS code permits for india, 2 tolal maximum demand of 335 /pcd.
LI L

r Capita Démand {q)
ThePe llﬁs ':he anan N r:ge amount of daily water requited by one persen and includes the domeslic use,
industrial use and commercial use, public use, wasle thelis etc.
1t may be, therelore expressed as Per Capila Demand{g}in litres per day per head
Tolal yearly water requirement of the cily in litres {i.e V)
’ . 365 x Design Population
For an average Indian cily, as pers

recommendalion of |.S. cocde, the per capila Tablo : 1.3 Break up for per capila @ foron
demand{g) may be taken as (Table 1.3} average Indlan Gity
B . U Darnand In #hfd
1.3 Factors Affecting Per Capita 89
Demand {1} Domastic Use 200 {59.7% or 60%)
. . . 50
The annual average demand for waler (i.e. 5'_) Industrial Use 0
per capila demang) considerablyvaries for different | (1) C?'f‘ma‘ f-‘se "
tovms or cilies. This ligqure generally ranges between | (iv) Civic or Puablic Use
100 to 360 lires/capila/day for Indian condilions. {(v) Wasie and thefis, elc. 55
The variations in totaf watef consumption of different {vi) Fire o d _— < 3135
cities or towns depend upon various faclors, which = ]
Demand
must be lhoroughly sludied and analysed before = Per Capita q}

fixing the per capita demand for design purpose.
These factors are discussed belov:

13.1 Size of the City

. Toblo: 1.4 Variation in Por Capita Demand (g}

The total water demand depends on size of with population in India
population and lor the daesign of water supPly Por Capita D -y
schema for a given populalion size [ollowing S. No. Population Lilersida F;"m o,dn
guidelines may be adopted (Table 1.4),

' 1. Less than 20000 110

132 Climatic Conditigns 2 . 18- 480

A1 hotier and dry places, he confumpfion 5 - 2Lakhe . 150-240
ol water is generally more:‘becaus_e_mo.re of bathing. 4 25 umn nmsu Siaths | © 240275
clearing, air-caolors, ai-condilioning etc. are 5 5 Lakne- 10 275. 338
involved. Similarly, in exlremely cold couniries, nxare . ovar 10 ﬁm’-a"“"’ 235,360
waler may be consumed, because ihe people may 6. r _ _

keep Iheir laps open 1o avoid freezing of pipes and
there may be more leakage from pipe joints since
metals cantract with cold.



133 TypesofGentry and Habits of Peopié
Richand upper class communtfies generally consume more v aler due tothieis alfluent living standards.

IM ;Musm" a "d COH mer tlal ﬁcﬁ’l i‘ies
wewe 0{ industrial ar ¥d commarcial aclivities al i ar C i as waler consurm lpl n
"le 5 aﬂamcu:‘ laceincrs ]
P &3 the waler o ]

135 Quality of Water Supplies ‘
i!'tha qualily and 1aste of the supplied \g'mer i5 good. it will be consumed more, because in that case,
xf:p!e will not use other smu:ces such as private wells, hand pumps, elc, Similarly, cerlaln induslries such as
ifer feeds, e?c.. which IQQLEIYS standard quality walsrs will not develop Lheir own supplies and will use public
’supp!ies. provided the supplied waler is upto lhair required slandards. ' ‘

136 Pressure In the Distribution Systems
if the pressure inthe dxjsrribu@on pipes is high and suflicient io maks the water reach at 39 or even 4™
storage, water consumption shall b dalinitely more, oo
This waler consumption increases because of two reasons: B
{) Peopleliving inupper storage will use water freely as compared to he case when waler is available
scarcelytothem, -~ A g .
(i} Thekmesancf waste due o leakage are conslderably increased if their gressure ishigh. For example,
Hihe pressure increese from 20mhead of vater (i 200 kN/m?) 1030 mhead of vater (i.e- 300kN/m?),
the losses may go up by 20 1o 30 petcent. -

137 DevelopmentafSewerageFacHities

The water consumplion will be more, if the cily is provi ith* 1 i
) X lior 3 provided with ‘flush systern’ and shall be less il
‘conservalion systernr’ of lalfines Is adopled. ? . ! lh‘e o

138 SystemofSupply
L L .

Vfalat m-ay be su?phed either conlinuously for all 24 hours of the day, or may be supplied only for
pea‘k period during mm'mflg and evaning. The second syslem, i.e. inlermillent supplies, may lead lo some
: i:::g in water consumplion due 10 losses ocouring for lesser time and a more vigilant use of waler by the

umers.

139 Cost of Water 4
I the waler rates are high, lesser quanlily may be consumed b e Thi
) 4 5 y the people,_This may not lead 1o large
savings as lhe alffuent and rich people ara littie alfecied by such policies. (L all Y ’

13,16 Policy of Metering and Method of Chaxging o
When the supplies are metered, pecple use ol < mch
. y thal much of water as much is required by them.
Alihough matered supplies are prelerred because of fesser waslage, they generally lead 1o [esser water

consumption by poor and low income group, leading 1o unhygienic conditions.
Factors Affeciing Losses and Wastes: The various faclo i :
5 rs onwhich |
oo R o ossas depend and the measure
{i} Water Tight Joinis {i) Pressute inIhe Distribution syslem
(i} System of supply {iv) Metering
{v} Unauthotized conneclions

Conslder the following stalemenis:
Assertlon (A): The Isakege are less whan the water supply Is intermlttent.
Reason {A): Prassure is less In Intermittent water supply

0! thase stalements

(a) Both A and A are lrue and R is the correct exptanalion ol A
{b) Bolh A and R ere rue butRAlsnota correct explanation of A
(c) Als true but R is false ‘

(d) Ais false but Rls lrue , l

Ans. (c) . : e [

Variation in demand and effects on the design of varlous components of a water supply scheme

s« The smaller the tovn, the more variable is lhe demand
«  The shoner the period of drafl, the grealer is {he departure {rom the mean
{I) Maximum deily Consumption: It is generally laken as 180 percant of ihe average
Therelore, Maximum daily demand = 1.8 {i.6. 180%) = Average daily demand = 1.8g
(i) Maximum hourly Consumptlon : ltis generally taken as 150 percent of ils average.
Therefore, Maximum hourly consumplion of the maxirnum day i.e. peak demand
1.5 (.. 150%) x Average hourly consumption af maximum daily demand

Maximum daily demand I.qu) (q )
= 1. =271 =
1.57({ 22 ) SK( 2 27 21

= 2.7(Annualaverage hourly demand}
{ili) Maximum Weakly Demand : Maximum weekly Consumption = 1.48 x Average vieekly
(iv) Maximum Monthly Demand : Maximurm monthly consumplion = 1.28 x Averaga monlhty

NOTE Goodrich formuta is used 10 compule maximum or peak demand.

Maximum demand
P=18(1) P="Average demand

{= —1— for maximum hourly
24

whers, 1 =time in days, =1 for maximum daily,
P = Annual average drall for time in { day

t
The GOl manuaton ater supply has recommended the tollowing values of the peak laclor, depending

upon the population.

r Tahlo: 1.5 Peak Fadlor
S.No, “Population ' B Poak Factor
1. | Uplo 50000 ' ' ' 30
50001 - 200000 25
Above 2 Lakh L 2
2. | For Ruratwater supply scheme, whera supoly s effected threugh sland post foc only 6 hoursr 3

Evidently, the peak factor fends (o reduce wilh increasing population.



Remamber: As lar as the design of dislributi i ili iation i
paiosly g ibution system is concernad, il is hourly variation in computalion thal

1.4 Coincident Draft

Far general communily purpose, the total dralt is nol taken as he sum of maximum hourly demand and

fire demand, but is laken as lha sum of maxi i
) imum daily demand and fire demand i
demand, whichever is more. i.e. maximum of - o ihe maximum fourly

(i} Maximum daily demand + Fire demand (i) Maximum hourly demand
Coincldent draft In relation to water demand, is based on
(&) Peak hourly demand : (b) Maxi '
r dafly damand
(¢) Maximum daily + fire dsmand d tor of
(o) e (d) greater of (a) &nd (c)

1 A-water supply scheme hes to be designed for a city having a population of
,00,000. Estimate the (mporla'nl ,k!nds of qraits which may be required to be racorded for an average
waler consumption of 250 _Ipcq. Also record the requirad capecitles of the major componsnts of the

proposed water warks system lor the city using a river as lhe source of supply. Assums sultabls data
Solutfon: ’ s ’ .

iy Averagedailydralt = (percapitaaverage consumplion in lilre/person/day) x population
i ) ' - = 250 x 1,00,000 lires/day = 250 x 10° lires/day = 25 MLD
(i) Maximum daily dralt may be assumed as 180% of annual average daily drafl

- Maximum daily dralt = %[25 MLd] = 45 MLD

{1y Maximum hourly drall of the maximum day:
y: It may be assum
oty y ed as 270 percenl of annual average
- Maximum howly drait of maximum day = -@[25 MLd] =675 MLD
(iv) Fire itow may be worked out from 100

0 = 4637JP[1-00WP] = 4637150 [1-0.01V700 | = 41733 fire/min
vihere P = in thousand populalion

41733 x B0 x 24
10°
Coincidentdrall = maximum daily drafl + fire drait

N = 45+861=106 MLD L
which is greater than the maximum hourly drafl of 67.5MLD .

million lilres/day =61 MLD

NOTE It shows that the dislribution system has 10 be designed far 106 MLD instead of
- . 67.5 MLD. which proves that the fire allowance considerably alfecls the design of distribulion
' syslem. -

1.5 Design Period of Water Supply Unit

L

A walor supply schema includes huge and costly struclures (such as gams, reservoirs, reatment

works, penslock plpes, etc.} which can nol ba replaced or incraased in lheir capacities, easflyand

conveniently. For example, the water mains including the distribuling pipes are laid underground,

and cannol be replaced of added easily, withoul digging the roads of disrupling tha leaffic.

In arder 10 avold these future complications of expansion, the various componenis of a water supply
scheme are purposely made larger, soaslo salisly the community needs for a reasonable rumber
of years (o come.

This future, pgriod or the number of years for which a provision is made indesigning the capacities of
the varidus cofnponents of the water supply scheme is known &s design period. i
The des\g'r} iod should neither be 100 long nor should it be too short. The dosign period.cannol
axceed IhdBselu! fife of the componen structure, and is guided by the Ioliowing considerations.

Factors Governing the Design Period
»  Usaful life of component siructures and the chances of their becarming old and obsolete. Design

»

period should nol exceed there respective values,

Ease and dilficulty that is likely (o be faced in expansions, il undertaken at lulure dates.

Amoun! and availability of addilional Investment likely 16 be incurred Tor additiona! provision.

The rate of interest on the borrovings and the addidonal moneyinvesied.

Anticipaled rate of population growth, including possible shills in communities, industries and
commercial establishment. B - '

Deslgn Period Values ‘

Walter supply projects, under nommal clrcumstancas, may 63_ designed lor a design period of 30 years
excluding completion time of 2 years. The design period recommended bythe GO! manual on waler supply {or
designing the various components of a waler supply projects are given below: {Tabie 1.6)

Tablo 1.6 : Design Period of Various Componenis of Walor Supply Project

S.No, Unlis Doslign (Paramoters) Discharge Design Period
1. | water Treatment Unit Maximym daily domand 15 Years
2. | Main supply pipss (Water malns) | Maximum daily denand 30 Yoars
3. | Wells and Tuba wells Maximum daily demand 30-50 Years
4. | Demand Reservolr Avorage annual demand 50 Years

{Owverhoas or ground leve) '

5. | Distribution syslem Maximum hourly demandf Coincident drall 30 Years

1.6 Population Forecasting ,
Population censusienumerations and grovih in population alc. are notonly used in demographic sphere

but also by Engineer and people concerned vith econo
in the sector of agriculture, growth in induslries and in

mic growth, nalional planning ang policy decision making
Irastruciure, drinking water supply schemes and olher

social wallare aclivitics elc

Population Growth

Growih of population is of great concern 10 people engaged in poficy plai

wning and decision making at

the national level. Papulation growth means lhe change {increase) of population size between two dales.



Howaver, a population increasing in size fs said to have a posilive growth raie and the one declining is to
.have anegalive growthrale. ‘ ; )
The number of inhabitanis of a couniry depend: on {i) The rate of grovih in population and (ii) Migrations
The second factor is of importance only in'new countries and th old counlries are he sources ol migranis,
In order 1w predict the luture populationg as correctly as possible, it Is necessary lo know lhe {actors
alfecling population growth. These are three maigyfaclors responsible for changes in populalion,
Theyare:{i}Binhs (i) Dealhs (i} Migmtions . '
Alt lhese (aclors are influenced by social‘and economic factors and condilipns prevailing communities.
* TheBirth rales may decrease due lo'excessive family planning practices and logalized abortions.
% Spread of education and developmenl of extra recreational facilities {or the people, also tend 1o
reduce tho binh rates. . : :
* The du»a_m rates may decrease with the developrnent and advancement of medical faciiilies, thereby
conlrolfing infant menality ratas and adull death rates due to controt of infeclions and other diseases,
*  The migrations are dependent upor the induslrialization and commercialization of the particular
cilies or lowns. Peaple generally migrate from villages lo cilies where fivalihood ara avajlable.
*+  Besidesthese lhree maln{faclors, sorhe other lactors like war, natural havocs and disaslers may also
bring about sharp reduction in the pdpulation.
= Considering all these faclors, arilhmé_fec balancing s done to arrive al the fulure populalion. It can be

expressedas [~ 77 (B-0) (=]

where, P ang P, reler tothe size of population at the beginning and end of atime period, and 8, D, /and
Erelerstothe number ol binths, deaths, immigration and emigration respeciively during period under consideration.

Growth Rate Curve R
When all the unprediclable faclors such as
war, or natural disasters do not produce sudden
*changes, the population would probably [oliow the
‘growth curve as discussed in the theory of
demagraphic transilion, This curve is S-shaped as

Saturation Voluos, P,

9P -
& {.. A

shiown in figure and is known as “the logisliccurve™. &

- According to this curve, rate ol growth of population  §

varies from lime to time. £

The curve ropresents early growth ABatan ‘?
increasing rale

A

R . dP
(t.e. geomelric of fog growth, = P) and late
growih DE at a decreasing rate t=p i, !

., P
[:.e, first order %f o (P - P)] as Ihe saluration

Flg. 1.1 GrowihBateCurve

. I ’
value {Pg}is approached. The transitional [r,a. T =constant |. What the fulure holds lor a given papulation,
depends upon, as [owhere the paint lie on Ihe growth curve ai a given time,

In AB = %wP - increasing growdh rate
[ i i h rate
inBCO - —r = Constant — High growll

inDE = EEG:(P, ~P) - Decreasing growih rale , P, = Saluralion value
a -

1.7 Population Forecasting Methods . .

Tha various methods which are generally adopted for eslimating_; tulure populalions by engineers :::e
described below. Some of lhese melhods are used when destgn perfod is small, and some‘arT usgld ::ennd:
design pericd islarge. The particular melhod to be adopledlora p.aruc.;uiar caseor Ipr a p‘arucu :r. C[I ;l(“ e‘,):;e .
largely upen Lhe factor discussed in these methods and the sefeclionis left to the discretion and intellig

the designer. |
1.7.1 Arithmetic Increase Method N ‘ |

In this mathod, & constant incrament of growth in popultation is obssrveq porladically. This method is of
{imited applicalion, mostly n;n'séd Inlarge and established towns whaie future growih has been controlled.

This method is based u}San the ass{lmp_!ion thal Ihe populalionincrease ata conslantrate, i.e. ihe rala of

L N AT
change of poputalion with urf\e ‘[l.le. HT) is conslant.

aP,
Thus, ol

or, jPeap = k[t R, = R +kltz k)
A .

Here £, and FEl represent the population al time & and {, respecively. This time period is usually
reckoned in deéades. kis the rale of increase ol population per unil time {(decade), thus (1, - 1,) = Number of

decades.
The equation can ba rewritten as,

= i utation alter n decades irom the present (i.e. lastknown
where P, = perspective or lorecasted pop
census)

Conslant =K . or, dP = k-at

"

Py = Population al present (i.e. 1ast Known census)
n = Numberof decades between nov and future
¥ = Average (;drithmelic mean) of population increase in the known decades.

The populalion of 5 dacades [rom 1930 1o 1970 are Table: 1.7

given pelow In teble 1.7. Find out the population after one, two and thres Yor | Poputation
decades beyand tha last known decads, by using arilhmelic incraase methad. aelil)

1930 25,000
Solutlon: The given dataintable 1.7 is extended inlable 1.B, soaslocompute 1940 28,000
{he increase in population {x} for each decade (col. ), thelotalincrease, and average
increase per decade { X ), as shown, ' )
The future populations are now computed by using equation as
Po=FR+nx

1950 24,000
1960 42,000
1970 47.000




- (a) Populalicn all

(a) Papualion afler 1 decade beyond 1970 Tablo: 1.8

= Piowy =Py = g + 1% " Year Population Incranso in

= 47,000 + 1 x 5500 = 52,500 W @ poputation {x)
(b) Population after 2 decades beyond 1970 — 8

B i 1930 25,000

# P =Fy= Py +2-% 1940 28,000 3000

= 47,000 + 2 x 5500 = 58,000 1850 34,000 gggg
{c)Papulation aiter 3 decades beyond 1970 1960 42,000 5000

B p i 1970 47,000

= Poo=FPy= Pgpg +3-% Total 22,000

= 47,000 + 3 x 5500 = 63,500 Averagoincrease | 22000

per docade (%) ! = = 5.500

1.7.2 Geometri¢ Increase Method
The method of Geometric progression is applicabla to the cities with untimited scope for luture oxpansion

and where a constant rale of growth is anlicipaled.

.The. basic Fﬁﬁerence beMeen arilhmelic and geomelric progression or increase method of population
f"’ recasling is that, in Arithmetic method no compounding is done whereas, in Geometric method com pounding
is done every decade. This melhod is, Iherefore, also known as unitormincrease method.

In Geometric increase method, a constan| valua of percenlage grawth rale per decade (k) analogues io
(he rate of compounding interest per annual.

Thus, population alteroqe decade can be given by, Pi=Fy+kPy= P14+ K)

I
Similarly, population after n decades |F» = Py (14 &) = £, (1 + %5]

Where, £, relers 1o initial population i.e, at the end of last known census.
Average percenlage growth rale per decade kto ba used in the above equalion is computad from the
percentage growih rata of each decade. The valve of ¥ can be calculated as lk =Thy Ky kyeeo-- K, J
m

In geomerric increase method the growih rale per decade, ¥ = :[E -1
YA

R CREIN Determine the future population of a satellite lown by Table: 1,9
the Geomstric Increese mathod for Ihe year 2011, glven the following data Populatien In
{Table-1.9) YO | thousand
Sofution: The given dala is analysed in lable 10 delesmine growth rates lor 1951 %
eachdecade. : ' 1961 m
Tablo: 1.10 . 1971 132
" 1981 161
%ape Incroese In
Population | Increase In F e I
Yaor in Population In populaﬂ::'a)gwmh rato
thousand | thousand = V% 100 2m ?
col(2)
1951 93
1981 1n 18 18.35
1971 132 2% 18.82
1981 161 29 21.97

s

Conslant growih rale. assumed for future

r= geometiic mean of pasl growth rates = ¥15.35x 18.92x 21,97 = 20.03 % per decade
The population after n decades in now given Dy equation

r 2]
n = Po(‘* 17.5)
Papulation after 3 decadss from 1981

N+
1]

an1 =

o 3
- 'H‘;s*,[u 210&3)3) = 1,61,000(1.2008F =2,78.417

1\,‘?!|
1.7.3 Incrementaltncrease Method

This mathod is another case of arithmelic increase with some modifications, Incremental increase molhod
ie adopted lor cilies which are likely to grow progressively of increasing or decreasing ale rather than a constant

rate.
According lo this malhod, population alter n decadas ¢an be given by

P = F{,+ni’+ﬂ%1)-?

where, ¥ and ¥ are lhe average Increase of population per decads and average incremenial increase

respectively. The other nolations carry their usual meaning and ¥ and ¥ are given by

nt+Ipta..tx, and

¥ = Average increase ol population per decade = 3

_ . ) Yit VYo tont¥p
¥ = Average of incremenialincrease = — 5

where, x,, x,,x; ... X areincreasa in each decade, y,, ¥,. 3 .. ¥, ar& incrementalincrease ineach decada

NOTE = The “GOI manual on waler and waler irealment” recommends the use of geomelric meart

here; and hence, we cansalely use that value. :

= Geomelicincrease methad gives high resulls which is suitable for cilies growing with fast

rete such as new cilies whereas arithmetic increase method gives low results which is:

suitable tor cilies growing with slow rate such as old cilies. ‘

As per the census records for the years 1911 {o 1971, the population of 2

town is given balow In (he lable. Assuming that the scheme of waler supply was to commence in 1996.’

It is required 10 eslimale the poputation of 10 years hence i.e. in 2006 and also the intermediate
population after 15 year since commencement. ’ :

‘fablo: 1.1
Yaar 1914 19214 1931 1941 1951 1861 {1971

Pepulolion | 40185 | 44522 § 60395 75614 | 98826 12472307 158800

Solution: Let us try lo gel the solulions using all the three methods lo which you have beenintreduced
by now. The incremental population and increase in incremental population are summed up in table below:




i

£

] Tablo: 1.42°
_¥anr 7] Popualion | - incramert | ncrorenl nerase)

1814 40185 - - '
1921 44522 4337 -

1931 60395 15873 | + 11538

1941 75614 15219 Tt -654

1851 98866 | 23272 +hosa )
1961 124220 25344 42072

1874 158800 37570 " +9226

From the abovo table, the following parameters can be worked out as
Totatincrease in populalion = 118,615
Totaiolinc’tememat(décrease z 30 B3

»

Averagemcrememal valua decad‘a 153} é x118615 1 9769

B

Average incremental zr;craasé per dacade {r) = T x 30233 6047
1. By Arithmetic ngrasslun*Melhod ’

Increase mpopu!allm fmm 1511 lo 19?1 {e ing decacaes =" 158 800 -40,185 = 118,615

- R %x118815-19769

na o

Now, using cquation 2, 'P +kn .
~  Popuialionin 2006 tsaaom- 19769 x 3.5 = 227,892 -
andpopulalionin2011 = 158,800+ 19,769 x 4 = 237,876 .
2. By Geometrical progression method
Rate of growth per decade |
4337
belween 1911 and 1 =
waen™ and 921 K = 075 0.108
' ; 15,873 -
beiween 1921and 1931, k, = o> =
i k= I 0.356
15,219 M.
botween 1931 = 228 om0 s
and 1941, ky = gres = 0252 Yy
23272 e
between 1941101951, &, = =
1T 7561 0.308 i
25344
belween 1951101961, &, = ——_ =
/el 101961, &, 96,665 0.256
34,570
between 1961101971, k, = = = (),
ween f 19420 0.278

Geometric mean = §0,10Gx0.356 % 0,252 % 0.308 % 0.256 x 0.278
or, k = 024426

—————

1.74

Assuming that the fulure population will grovs in geomelric progression as inthe post during 191110 1971,
Novs using Equation, P, = Pl + K"
Populationin 2006 = 158.800{1 + 0.24426)*% = 341,224
Populationin 2011 = 158,800(1 + 0.24426)¢ = 380,623
3, By Incremental Increase Method nfney)
Now applying equation Py= Xt -y

»

Fros = 158,800 + 3.5 x 19769 +

3'5;i§xsoa? - 275812

Pagyy = 158,800+ 4 .\'19769+4—;5-x6047= 298,346

Decreasing Growth Rate Method

[t population is reaching mwurds saturation and growlh rate is decreasing, then Ihis melnod is suitabie.

* Inthismethod average decrease inthe % increase is calculated and then sublracted from tha fast %
increase compulation made for each increased year.

» Calculate the % increase in_populalion lor each decade and work out the decreasa in porceniage
increase in ¢ach dacade and find average pescenlage decrease say ‘. The pog statian of upzorning
decade from the previous known decade Is given as

- = i flas XY
P=p +(r°100f)x% where, £, = Population of fast knowin decada

7, = Growdhrale of last decade
r = Average decrease in grawih rate
Population alter naxl twa decades from the last knovm decade is given as
F= A +( 2{1] %P

100

NOTE: The validalion of decreasing grovah rate method is only in lhose cases, vhere (e cats of growth shows

a downward lrend.
L CREN The census record of & particular tewn is shown in 1able. Estimats the population
far lhe year 2020 by decreasipg growlh rale method
o Tabla: 1.13
¢ % [ncreasa % Decroase
3.Ne. Year Papulatlon | | 'crovth roto | in Growth ralo
1. 1960 55500
2, 1970 63700 1477%
3. 1980 71300 1.93% +2.84%
4, 1990 79500 11.60% +0.43% JI
Solution;
: Lt
We know Lhat, P = R+ [-";I—b—o—} *xPy !



f, = growih rala of ast known census

r = Average decrease in growth rale

P

0

11.80%
B4 40,
2844043 1.635%
2
n-3r
Pooio +( 0100 ]" Paoin
Py = 79500 + (w_s) X 79500
100 -
87343 ,
i
0 I
Proro = 87343+(111a 2 x1.63;)x87343
100
94531
Prom = 34531+ (1'519—’51'535 x 94531
100
100,765

agraphis plotted between lime and population,
eilheron arithmelic paper oron a semi-log paper.

This time-population curve is then
smoothly extended upto Ihe desired
year lor projecting lhe tulure
papulation. The line of best fit may
also be by the method of leasl
square,

Il the graph is plotted on semi-log
paper with ime on arithmetic scale
and populalion on log-scale, lhe
lime population curve form a straight
tine.

Platiing on simpla graph paper give
approximale resulls as the

Population (theusnnd)

1.2.5 Graphical Projection or Extenston Method

In this method from the available dara,
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Fig. 1.2 Graphlcal Projection Method

expansion of curve is done by the judgement and skill ¢f designer.

The gata given in example 1.7 are plotied in ligure 12 and the projecled population inthe years 2006

and 2011 irom given higure 1.2 can be approximately read as

P
P

parey
o ot T
If plotiing is done on a semi-log graph as shownin figure 1.3, the graph s siraight line. Thg projecied

275000
280000

populations for the desired years from the figure 1.3 ¢an be read as

Poorg = 370000, Py, = 400000

»  This malhed is suitable when past record is available for fong duration and extension is
required for small duration.

= Al the above live melhods described uplo now are based on the assumplion ihat factors
and conditions which were responsible for population increase in the past wilt continue
eveninfuture also, with same intensity. Thal is 2 vague assumplion and may or may not be
salislied. Due to such reasons, the resulls oblained (rom these melhods may or may not -
be precise. Inspile alf, they are less time consuming and are used by engineers.

1.7.6 Comparative Graphical Method

In this melhod, the cilies of similar candition and characteristics {migration, development activilies ¢te.)
are selected, which have grown in similar fashion in the past and their graph are plolted.

Therefore. lo estimate the populalion of a relalively new Cily, populalion-lime curve ol cilies having
conditions and characleristics similar 10 the city

whose luture population is to be eslimaled, are + Ciy 8
oblained. Based on a comparison of population i $
time curve fof comparable cities, the population- ; cyc K .E
time curve of the. city under consideration is —1 32
extended from the poinl of last available data uplo i § §
{he dosirable fulure data. The method is explained ¢ i G0

vith the help of an example in the figure 1.4. : CayA

For example, el he population data of a relatively i

new cily X is given for four decades 1940, 1950, -

1960 ang 1970; and its present population has

reached say 50000 in the lasl census of the year Fig.1.4 Compantive Graphical Method

for ciry « X'



1870, htis required ils populalion after S0 years from the last census i.e, at the end of the year 2020.
First of all, the popufation-time curve of the city X is plotiad upto the latest census year i.e. 1970.
Then from the available population dala of cilies which had the same population as that of the city
under consideration; their raspective population-time curve is plottad. Now the population-lime curve
ol Gity X is extended smoothly as shovin in the figure.

1.7.2 Master Plan or Zoning Method

In general, big and metropoitan cilies are not allowed o deveiop in habhazu rd and nalural ways, bul are
afloveed (o develop only in planned ways. The expansions of such cilies are reg hrated by various by-laws of
carporations and other locat bedies. Only those expan sions are allowed, which are permitted or proposed in the
master plan of that city. - ' '

« Howsver, sometime, the densily and distibulion of such population within cansliluent areas or 2ones

‘ of the cily are 1o be made with a discering judgement on the relative probabilities of sxpansion
within zone. -

« THishas tobe based upon lhe existing and contemplated lown planning regulations, ma ster plans

and also according lo the nalure of developmant of whola ragion.

»  The master plan prepared for a cily is genarally such as1o divide the cily in various 2one and thus (o

separzlethe residence, commerce and industry fromeach olner. The population density are also fixed.

»  Fof example, there may ba 10 persons fiving in a residentjal plot and there may be 10000 ploisina

zone. Then, ihe lotal poputation of this size, when {ully developed, can be easily worked out as
10 x 10000 = 100000, Hence, when the development regulaled by such ascheme, itisveryeasyto
access precissly the design populdtion. ' P

MOTE: The Master plan or Zoning method can give us as when and where the given number of houses,
indusiries and commercial establishments would be developed. i

178 Ratle Method or Apportianment Method

Inihis method, poputation of 2ny lown is expressed asa percentage of population of whole counlry and

by laking the average growth rate of country populalion may be projecled.
in Ihis rnethod, a graph s plolted belween time and ratio of local population lo nalionat gopulation.

NOTE: This method s valid for those whose growths are parallel 1o the nalional growah.

1,79 The Logistic Curve Method

The Iagistic method is suitable for ragions where the rale ofincrease of ded‘&l"’&pl populationwith time
and also the population grovah 15 liksly 1o reach an uikmale
saturalion fimit because of special locat factors. ot
Papuiation
«  The grovth of a city which Iofiows a logistic P
curve, will plot as a siraighl line on the
arithmetic paper with time intervals ploked
against popuiation in perceniage ol satusalion A,
» PE Verhulst has pul forward a mathematcal
sofution, for the logistic curve. According 1o
him, the entire curve cun be represented by
an aulocatalylic first order equation, givenby

-]

Py

Py
o P

Fig.1.5 The Logistic CurveMethod

|
|

of cansus (ecord. Py = POPUIAUON A1es w1y s>
= Saturation population

Let = Poputation at the beginning
Pp= Population alter ime L, years. P,

Then populalion alter any time from (he start is given as,
B
~ 1+ mlog;' ()

where, fi%f‘l = m(aconstant)
[

The saluralion populalion (P

PD(PS'PI) 23 %(PL‘PI]
n= }"°g"{a(a—m} = T“’gwip.(a %)]

nsus data and using then in these equ

i tion of the
Knowing Py. Py and P, from ce ations, the equauan

logistic curve is thus known.

i parlods of each 20 years, & clty hias grown from 30,000 to 1.70,000 and

QLY In twc
, tion'of loglstic curve, {c) The

then 10 3,00,000. Determine (&) The saturallon population, (b} The equal
expected population atter the 60 ’yag:s from the stert: :
solution: (1) Inthis eqpaﬁon‘ we hgve ]
P, = 30,000, P, = 1.70.000, £, =3.00.000
=0, t=20years,t =40 years

: - onpp-Pi(RtR)
', = Saiuralion Popufation = -——1——————— =3.26,000

Using equation, RPs - P
"B~ 3.26.000*30.000 e
] m="p % -

1o | 30:000(3.26.000 - 170.000)] - _oat19
n = 35'°%| 170,000(3.26,000 - 30,000)

i . - is
. Equation of lagislic curve ! ] 3,26,000

z ———fe—— =
1+ mlog; {Af) 1+9.87l0g; {-0.113t)

@ u t = €0vears
3,26,000

SR
then, = 17987/0g; (-0.119x60)

=3,23470

|

pr—

S
o fliyistrative Examples

Example IR Compute the popufation o the year 2000 and 2006 for a cily whose population In
ihe year 1930 was 25,000 and in the year 1970 was 47,000. Make use of geometric increase mathod.

Sofutlon:In.Ihis example, the intermediate census dala betvicen 1930 Lo 19701s not given, and hen;:
geomelric mean method of all known decadesis nol possible. The growihrale per decade (r)can, however,

computed by using equation as
r=1 7 ~{= 4,!-—-—-47000 -1 =0.17095 = 17.095% pef decade.
"\ 25000



(]
Now using equationas, P, = R (H— —igﬁ] , e have

Hence, Py = Py lafter 3 decades from 1970 onward)

3
r
= Hm(uﬁ) =47,000{1 +0.17095)% = 47,000(1.17095)° = 75,458

Ponmauon for the year 2006, means thal it is alter 36 year (3.6 decades) from 1970 onward
Paxs = Pag = Pigzel1 +0.170956 = 47000(1.17095)36 = 82,954

In & town, it has been decided lo provida 200/ per head per day In lhg 21%
contury. Estimate the domastic water requiremsnts of this town in the year 2000 AD by projeciing the
pcpulauon for the town by incremenial increase malhod.

Table: 1,14
* i ¥oar T " 1840 1950 1960 1870 1980
.Pépiilation| 2,37,98,624 | 4,69,78,325 5.47.86,437 | 634,67.823 | 6,90,77.421

Sefution: The given populalion dalais analysed, as shownin Table 1,15

Table: 1.15
Yoar Population Intreaso fn | Incromont over the Incroasg, lLo.
Populallon | Incremantal incroaso
1940 2,37.98,624
2.31,79.71
1950 4.69,78,325 {-) 1.83.71,589
76,08,412
1960 5.47,86,437 (+)8.73,274
86,81,386
1970 6,34,67,823 (~}30.71,788
56,09,538
1980 6,90,77,421
Total 4,62,78,797 {(~}1,75,70,103
Averaga per decada - 1,75,70,103
=1,13,19.699 | y=(- )-—~—-—— =(-) 58,56,701

Expected population at the end of year 2000 {i.e. alter 2 decades from 1980)
. 2 _
= P=f+2. %+ —"g 'y =6,90,77,421 + 2(1,13,19,699) - 3(58,56,701) = 7.41,46,716
<. Waler requirement in 2,000 AD @ 200 me‘ad/d ,
200 % 7,4146,716

Py = 14829 MLD

M Given the following dala, calculate the population at the end af next three
decades by decreasing rale melhod (Table :1.16).

Tablo: 1.16
Yoar 1940 1950 1960 1970

Populatlon | 80,000 | 1.20,000 | 1.68,000 2,28.580

Solutfon: Tha given (able is extended to table, as shown below:
The table is otherwisa sell-explanalory.

Table: 1.47
Yoar |Population | Increaso In| Peorcentage Inereass | Docroase Inthe
population | In population pe
Incroaso
1940 80,000
. so000 | 20000 o0 -s0%
14850 °| 120,000 26,000 10%
) e 48,000
. i x 100 = 40%
\;EE" 8000 | 000
1 166,000 60,580 %
60,580 : x 100 =36%
168,000
1970 2,28,580
Tolal 14%
Average
per 1—4 =7%
decade 2

{a} The expected populalion al the end of year 1980
= 2,28, sscn-( 3;’ 0‘07)2.23,53'0 =2,28,580 {1.20) = 2.94,870
{b} The expected population al the end of year 193¢

- 294,870+ 290 0?x2 84,670 = 2.84.870(1.22)=3.59.740

{c) The expacied population at the end of year 2000

22 00? %3,59,740 = 3,50,740(1.15) = 413,700

= 3,582,740+

Summary = The!S code lays down a limil on domestic water consumplion between 135 1o 225 Ipcd, -
and maximum waler demand for ad developing city is 335 iped.
* The fire demand for a city of 50 Iakh population is hargly 1 ipcd. :

* 15% of tolal consumption, which is nearly 55 ipcd waler required to compensale losses in

! thells and wastes.
«  Maximum daily demand is 1.8 limes of average daily demend and maximum hourly or
peak demand is 2.7 imes the annual average hourly demand.
*  Peak facicr is inversely proporliona! 1o population of ¢ity.

Important Expressmns
0 = 3182JP

2, frceman‘sformura. Q= 1135[5“0]

1. Kuchling's lormula, where, P = populalionin thousands

@ = 4637/P[1-001/F]

3. National Board of Fire Underwriters formula,




Q3

Q.4

)

@ . oviectve prain Teasers

i

4. Bustonslormula, Q= 5563J/F
5 Ardithmelicincrease method,

here, n=numberof decades
P,=population at presant

& Geomelric increase mathod

where, k= growih rate and k = mfkkoky . Ky o 7=

7. Incrementalincrease method,
8 Decreasinggrowthrate method

Pﬂ = P°+Il-§

% = average arilhmetic mean of population increase
£, = populatizri alter n decades

k 71
P = LA
) %bym)

§
-1

by

n{n+1) _

P = B+nx+ 5

P=5 +(ra -r‘)x A Whete, P, = Population of last known decade

100 : -, -=:-grovdh rate of lasl decade
r = average dgcteaseis growth rate
9. LogisticCunvemethod, P = -———Pi-_—'--— p; : w

te-mlog; {at} ; PPy - Pf

i .- .
and a= %‘ilogo[——'°{% P’}} m = .J_CLP;P
' (]

AP -R)

The dislribution mains are designed for

{8} Maximumdaily demand

{b) Maximum hourly demand

{c) Averagedaily demang

{d)} Maximumhourty demand of maximum clay
As compared lo geomelrical ingrease method
of forecasting population, arithmeticalincrease

mathod gives
{a} Lesservalue (b} Highervalup
{c} Samevalue {d} Accurate value

The tolal domestic consumptionin a cily water
supply, is assumed

o) 0% {b} 0%
(c} 40% {d) 60%

The lre demand for ascertaining the empirical
fotmula
. o
Q= 1136{—+ 10
g )
{a) Kuchling's formula
(b) Busion'sformula

(¢} Freeman's formula
{d) Undenriter's formula

Q.5 According lo Goodrich, the ratio of poak
demand rate lo mean demand is

* -+ Maximum daily demand

@ “Average daily demand

. Maximum weekly demand

©) Average wif.dy demand
i R

Maximum frx t}:!y demane]

©) “Average ity demmand
{d) Allof the above

=160%

=148%

=128%

Q6  Imheeguation P= ———Ps—i—— ol alogislic
1+ miog; '(nt)

curve of population growlh, the constant mis
fa) P.xpP {Ly PP

PP
{e) —T,Q—i {d) KP,

Q7

Qs

Qs

Q.10

Fo Py £, be the population of a cily at limes
104, §, and t,and £, = 2t,, the saluralion value
of the population P, of the city is

2RPR - Rt F)

RP-F
v
- By

o B2 B R)

RR-F .
RPF - B(R+F)
R-F
_RPR+ B (R+R)

- RP-F
II. Ay is population on the start of a logislic
curve, P_ is saluration population and K'is a

@ F=

© Fe=

w@

constant of equalily, population of the cily is

given by
(@ log(—-—P‘ ; P) + Iog(-——P ‘; fo ) +KPt=0

=P ool BB | ukps =
tb) log(—P ] 109[ 7, }*KFLI—O

Pi=PY, 00l Pe=Fo ) ke =
(c) Iog( 7 )x!c}gL 7 ]4 KPi=0

B-P P,-R
{d) Iog( ’P ]+log[————’% °)+KP,r=0

Consider the (ollowing statements:

1. Maximum hourly consumptions ot the
maximum day is called peak demand.

2. The hourly variation factor is generally
taken as 1.5.

3. Peak factor tonds to reduce with the
increasing populdtion |

Which of these stalements isfare correct?

{a) Only2 {b) Both tand 2

{c) Both1and3d (d) 1,2and3

The population of a town in lhree consecutive
year are 5000, 7000 and 84C0 respectively. The
population of Ihe town in the fourth consecutive
year according lo geometrical ingrease
method is
(a) 9500

{c) 10100

(b) Q200
{d) 10820

Q.11 The population figure in a growing lown are as

follows:
Year Pogulation
1970 40,000
19820 46,000
1990 53,06
2000 58,000

Predicted population in 2010 by Asithmetic
Regression method is

{a) 62,000 () 63,000

{c) 84,000 (0) 65,000

The present population of a community is
28000 wilh an average water consumplion of
150 /ped. The exisling walar treatment plant
has a design capacity ol 6O00md. KX 1s
expecied hal the populalion will inceaze 12
43000 during the next 20 years. The numbar
ol years Irom now when the plantwill reach is
design capacily. assuming an arithmeatic rate
of population growth, will be

(a) 5.5years &by 3.6 yeurs

{c) 12years (d) 16.5yeary

whichol the lalloving fzctors has Ihe maximum
effect on figure of per capite demand of waiar
supply of a given lown?

(@) Method ai charging of the consurptivn
(b) Quality of water

{c) Systemof supply intermitier: tr continuous '
{d) Industriat demanr

Q.12

Q.13

Q.14 Whichone of the {ellowing melhads ywen the
best estimaie of poputation growth al 4
communily with Imiled 13nd arca flor kiure
expansion?

{a) Arithmetical Increase mathot

{b) Geometiical increase method

{c) Incremental increase method

{d) Logisic meliod

Direclion: Each of the next cansisls of two statements,
one latelled as the ‘Assertion (A) and the olher as
"Reason (RY. You are to examine these two statements
carelully and setect the answers 1o these lems using
tha codes given belov:



Q.15

Q.16

Q.17

Q18

Q.19

Q.20

Codes: ‘

{a) Both A and R are individually true and R
is lhe correct explanalion ol A

(o) Bolh A and R are individually Irue bul R is
nol the correct explanalion of &

{c} Ais lrue bul R is false

{d} Ais false but Bis lrue

Assertton (A): In eslimating populalion for
assessing water supply demand, the
geomelric progression (GP) method gives
correct eslimale for a developing city.
Reason (A): In the GP method, a constant
rate of increase in populalion is assumed.

Assertion {A): The luture population is
predicled on the basis of knowledge of the
cily and its environment

Reason (R) : The fulure populalion depends
on lhe trade and expansion of the city.
discovery of mineral deposits, power
generalion elc.

Which one of the following Acis/Rules has

provision for “No right (o eppeal™?

(@) Environmenl (Prolection) Act, 1986

{b) The hazardous waste (managemenl and
handling) rules, 1983

(¢) Manufacture, slorage and import ol
Hazardous chemical rules, 1989

(d) Environmenl {Proteclion}Rules, 1992

When was the water (prevenlion and conirol of
pollution) Act enacled by Ihe indian Parliament?
{a) 1970 (b) 1974
{c) 1980 (d) 1985

Per Capila waler demand is defined as the
lilre of waler consumed daily by each person.
Nalurally it has 10 be soma average value, over
a period of lime. Cver haw much pesiod, Ihe
averaging is done here:

(@) 24hours {b) 1year

(¢} 10years (d) 35year

The walter ireaiment units may be designed,
including 100% reserves, for water demand
equalto

(a) Averagedaily (b} Twiceof(a)

Q.21

Q.22

Q.23

Q.24

Q.25

Q.27

“{a) 5%

{c) Maximumdaily (d) Twiceof(c)

The population of a town in three conseculive
decades are 1 Lakh, 1.4 Lakh, 1.60 Lakh,
raspectively. The population of this town in the
tourlh consecutive daecade, according lo
geomelric malhods would be

{a) 1.9Lakh (b) 2.024Lakh

{c) 2.2Lakh (d} 2.5Lakh

The suitable melhod for forecasling population
fora ydung and arapidly developing city is
{a) arilhmetic mean method

{b) geomelric mean mathod

{¢) comparalive graphical method

(d) noneofthese

Which among the lollowing brings aboul Lhe
Hazardous waste managemeni and handling
rules in India?

(a) Cenlral Pollution Control Board

(b) Minisiry of Environment and Forests

{c) Ministry of Urban Development

{d) Minisiry of Rural Development

Water losses in water supply syslem, are
assumed as
(b} 7.5%

¢} 15% {d) 25%

The pipe mains carrying water from the source
to the reservoir are dasigned lor the

(@) maximum daily draft

() average daily drait

(c) maximum hourly draft of the maximum day
{d) maximum weekly dralt

The disiribution system in water supplies is
designed on lhe basis of -

(@) average daily demand

{b) peak hourly demand

{c} coincident draft

{d) grealeral {b)and (c)

The mulliplying factor, as applied to obtain the
peak hourly dernand, inrefation to the average
daily demand {per hour ol course), is

@) 1.5 (o) 1.8

) 20 (d) 2.7

Q.28

Q.29

1.
6.
i1.
16.
21.
28,

Which of ihe following statements about Design

period are frue?

1. Itis concemedwithecanomy of invesiments

2. I takes into accounl of aspecls like lite
and durability and ease or difticulty of use
of instaflations. )

3. Il considers Ihe frequency of occurrence
of extremes of river flow

4. iLis concérried with estimaling future

requiremgnls.

Codes: !

(a) 1,2.3and 4

{cj) 1.2anc 4

(b} 2and3
(d} 1,3end 4

Conslder the following statements.

Tne daily per capila consumption of water
apparently increase with

1. higher standard of living of people

2. availability of sewerage in the cily

3. melered waler supply

4, vholesome andpolable pubfic supply of waler
Which of ing above stalements are correcl?
{@ 1.2and3 {b) 2,3and4

{c) 1.3and4 () 1,2and4

Answers- -

3, {d)
B. {b)
13, {d)
18. (b)
23. (b)
28. {c}

5, {d}
10, {d)
15. {¢)
20. {d)
25. (a)

4. {c}
8. (d)
14, {d}
18. (b}
24, (c)
28. {d)

{dy 2 (a)
@ 7@
(c) 12 {c)
(@) 17. (a)
(b) 22. (b)
(d) 27. (d)

Hintsand Explanations:

Ans.3 {d} :
Total domestic consumption in a city waler
supply is assumed 1o 55 10 60%

Ans4 {c) P
The freeman's formula O = 1138.5[—5 + 10]

Ans.B {c) o
4 et s—'o
The consiant min logistic curve m= )

Ans.11 ()
Year
1970
1880
1990

Population  Decadal Increasa
40.000 6000
46,000 7000
53,000 5000

2000 58,000
7000 + 5000
-. Designgrowthiate = @i*'—a———-
= 6000 per decade
In 2010 poputation willbe
P = 58000 + 6000 = 64000

Ans.12{c}
Population after nyears
P = Rp+nx j
¥ is arithmetic design growth tale N
Given £y = 28000
Forn=20, P,y =48000

4800028000 _ 5 per year

SoX o=
The popuation when design capacily will be
required,
P = 5000::1000: 40000
n 150
~ Numborofyearstorsachihe plantat designeapacty,
n= B-h_ 40000"2800? = 12.0years
x 1000

-



