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Module — 02
Urban Water Supply

Lecture — 08
Fluctuations in Urban Water Demand

In lecture 8, Fluctuations in Urban Water Demand will be covered.
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Concepts Covered

» Fluctuations in demand
» Assessment of fluctuations

» Effects of fluctuations

The different concepts that wewld-be-coveredare covered in this lecture are:
- Fluctuations in demand
- Assessment of fluctuations

- Effect of fluctuations.



Fluctuations in demand
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Fluctuations in demand

» Per capita demand refers to the annual
average daily consumption per person.

» Wide variations in Monthly, Weekly, Daily and
Hourly demand.

» This has huge implications in infrastructure
design.

» Depends on general habits of people, climatic
conditions, character of the city as industrial,
commercial or residential.

» More water demand on Sundays and holidays.
Peak hour may be 8 am whereas 6am to 10 am  Annual water use for New York city, 1898-1968
and 4 pm to 8 pm in weekdays. Minimum flow
between 12 pm to 4 am.

—_—
Urban water use in million gallons
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Time in years

Source: Water Supply Systems New
Technologies Ecited by Cado et.al. Springee

FEuetuationsFluctuations in demand refers to the annual average daily consumption per

person.

——Wide variations occurs hourly, day-te-daydaily, week—to—weekweekly-and-even+
month-to-moenth, monthly right-menth-to-month-or-we-can-also-call-it-scason-to

seasen-or from season to season. It is important to

foran-urban-area-we-need-to-understand the temporal because it has huge implications in

infrastructure design, ¥

annaal-total ~water—demand—we—willsay—in—thatterms-pump design, the operation of

pumps, maintenance requirements
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water demand.

climatic conditions, it depends on the character of the city as a—industrial,

commercial or residential.

- It depends on the character of the city. For example, inindustrial-city-there-could
be-different-shifts-there could be different work shifts in industrial cities, which

may cause a difference in the usual peak hours considered.and-se;—you—wil-see

- And-then—we-have-got-Mmore water demand can be observed oen Sundays and
holidays. 6 am to 10 am, and 4 pm to 8 pm is the peak hour on weekdays
whereas and-peak-heurmay-be-areund-8 am on weekends. whereas;—6-amto—10
am-and-4-pm-to-S-pmis-the peakhouron-weekdays—So, during Sundays, the peak
hour is 8 am. The minimum flow is observed between 12 pm to 4 am.—and

adjuseed—b&afeefeamfehf—deﬂehas to be designed considering these fluctuations.




The graph given in the above figure showsSe;—+nthisparticlarfigureyou—ean-see that
the annual water use for New York City starting from 1898 to 1968. This shows how
urban water use (quantity) varies with time. this-hasbeenplotted-and-this—onthisaxis

i i is-this— i i 3 s—+ight—The plot shows

several ups and downs and maybe because of several factors invelvedin-affecting water

Se;some of these factors could be because of certain events in the city; it may bemay
be-eertainit-may-be-linked-with-economicit-could-be linked with the economic situation
of that-a particular city, urban development, etc. maybe—there—is—a—there—istot—of
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Fluctuations in demand

MONTHLY WATER USE LOS ANGELES, CAUFORNIA  MONTHLY WATER USE FOR DALLAS, TEXAS
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» Per capita demand varies from season
to season and even from hour to
hour.

Seasonal Fluctuation

# In summer water demand is
maximum because people use more
water during bathing, cooling, lawn

™ |V watering. In winter less. Variation
{" du | MUy may be upto 15% of the average
- L. ‘ W' demand of the year.
(1A
g, gn \ WA » Fluctuations occur every
= - 4 year and also show an

increasing trend of t
variance.

EEEEE R
Time In months

Soutce: Water Supsiy Stems New Technologes E6ted by Cedo etal. Sprger

Seasonal fluctuations

In_summer, the water demand is maximum because people use more water durings<

bathing, cooling, lawn watering. In winter, these demands may be less. Variation may be

up to 15% of the average demand of the year. These-variations-may-be-upto15%of the
year's-average-demand:-It may be 15% higher in summer and lower in winter—and-vice

i/

/
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So;—this—is—what—we—ecan—see—over—here—This—is—againConsider the case of water
supplyurban water use in California—_and Texasbes—Angeles;—Califernta. Monthly

variation in demand is notable from the graphs given in the above figure. Another point

to note is that the amount of variation also shows an increasing trend. Fhis-is-againintS

So, in the future, this variance may continue to increase with the increase in water

demand due tothat-means—itisnot-duringthe-mere-youtknowinfature different factors.
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Fluctuations in demand

i' ‘ » Hourly variation is important as rate of pumping is
- adjusted accordingly.
f ) » Max daily f:omumpﬁon taken as 180% of average annual
i consumption.
l A » Max hourly consumption taken as 150 % of average
8 consumption. at
H 2 » Max hour of max day= 1.5*1.8 * annual average hourly
i | demand = 2.7 * annual average hourly demand
= ]
oA
e e = {ﬁ\'
b Peak factors (Gowt. of India)
Source: Water Supply Systems New Technologies Edited by Cedo
etal. Springec. Population Peak Factor
Coincident draft _. Upto 50000 ~
7 Total draft is taken as the sum of the max 50000-200000 25
daily demand and the fire demand or the Above 2 lakh 2
maximum hourly demand whichever is more.  Rural standposts ?%

In the graph shown in the above figure, the Theninthis-partictlar-image-you-can-see-that
this-black line isferarepresents winter water consumption, durinethe-winterand-thisand

the red line i

the—represents summer time-consumption. Large variation between winter and the

summer months is observed and is typical. The

Se;—yeu—ean—see—this hourly variation is important as the rate of pumping is adjusted
accordingly. -and-thisis-typieal-and-thisactaally sheows-that-durinsa-partieslar-day:+that

there-The morning peak and the evening peak is evident from the graph. The evening

peak is greater than the morning peak and indicates that the water that has to be supplied

during the evening peak hours (4 pm to 8 pm) is much higher than




other times of the day. Thus, understanding the Se;-hourly variation is important as the

rate of pumping is adjusted accordingly. Merd-maximum daily consumption is usually

taken as 180 percent of average annual consumption.

consumptionfor-that-partienlaryear-and—if Hake Mmaximum hourly consumption of a

particular day itis taken-considered around 150 percent of the average consumption of a

particular day.

So-ifFtakethe-The mpaximum hour of the maximum day is given as:

Max hour of max day = 1.5 x 1.8 x annual average hourly demand “~

= 2.7 x annual average hourly demand
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divide-itby24-—Sethisisper-hour—Sethisis-the average demand_per hour is 8.3 litres
(200 1pcd/24 hours).This value can be multiplied by-Se;new,—we-mtiply—it-by 2.7 to

obtain-get the maximum hourly demand fer-the-maximumheur—of the max day. So. at
some point of time, the water demand Se;—this—is—hew—we-determine—the—maxtmum

wotld—be—you—tknow—27times—more—than—the—average.cotddcan reach 2.7 times the
average hourly demand and the -Se;mynetwork or the pipelines that-will-earry-this-to

carry water has to be designed_accordingly. Pumping arrangement should also be made

based considering this peak value.Se;—that-they—are—able—to—ecarry—thiskind—ofwater:
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poadodemand

Serthere is another demand which is called the coincident draft or the total draft. (Draft

means demand)-er-draftis-basically-the-demand. The Se-total draft is taken as the sum of

demand or the maximum hourly demand (2.7 times annual average hourly demand)

whichever is more.

This should be considered while designing the infrastructure. Se;eitherwe-take 27 times

when_the network is we-designed, eurnetwork-and-all-we-will-assume-the;-we-will first
determine-the-annual average hourly demand can be estimated firstly and then we-ean

add—acertain amount based on the peak factor can be added toand-then determine the

actual flow in the networks a

infrastructure based-onthatbased on which infrastructure design can be done. For

Se;up-te a a-population ef-upto 50,000,-the the peak factor is_given as 3; for a population

between 50000 and 2 lacs, the peak factor is 2.5; and for a population more than 2 lacs, it

is given as 2. So, the higher the population, the smaller is the peak value is-assince the

variation from person to person cancels each other in the case of large cities with a large

rural standpestsstand posts, it is given as -againitis-3.

population. For w

[Formatiert: Schriftart: Kursiv




Se-they—actually—ecaneeleach-otheroutIn a pipe network, a larger peak factor can be

considered for

pipesBpipes which-are
apearmysupplying to individual houses, heuse-therethe peakfactorishigherwhere-the
pipes—which-arc—more—towards—the—youtknow—the—mains—thatis—the-and a smaller pcak
factor can be considered for main lines.—there—thepeakfactorislow—+isht—Se; These
peak factors can be considered while designing the infrastructure.because-they—actually

(Refer Slide Time: 13:08)

Assessment of Fluctuations
the and the duMoucltvwithlpowuﬂonofwlndmvdomnddlwlwd.

Solution:
a. Average daily draft: (Per capita water demand per day)x population
= 250 x 200000 Its/day
= 50000000 Tts /day = 50x10° Its/day = 50 MLD pessay
b. Maximum daily draft: 180% of average daily consumption
= 180/100 x 50 MLD = 90 MLD per day
¢. Maximum hourly draft of maximum day: 270% of annual average hourly draft
= 270/100 x 50/24 MLD = 5,625 MLD/hour (135 MLD/DAY)
e e
d. Fire Demand: 3182 VP(liters/minute, population in ds)
= 3182V 200 liters/min.= 45000 15000 liters/min = 45000x60x24 Its/day
=64.8 MLD per day(fire demand s usually estimated-for few hours not for a day)
—— P —————————
e. Coincident draft: 90+64.8 MLD = 154.8 MLD per day>135 MLD)( max. hourly max. day)
s = 1548 MLD perday _/

Problem: Se—if-I-Dédetermine the maximum and the coincident draft for a city with a

population of 2 lakh and an average e-water demand of 250 Ipcd.

Average daily draft: (Per capita water demand per day) X population </

=250 x 200000 litres / day «

= 50000000 litres / day = 50x10° litres / day =50 MLD
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Maximum daily draft: 180% of average daily consumption «

= 180/100 x 50 MLD =90 MLD per day “

Maximum hourly draft of maximum day: 270% of annual average hourly draft <«

=270/100 x 50/24 MLD = 5.625 MLD/hour (135 MLD/day). «

This is the maximum value based on which the infrastructure has to be designed.«

Coincident draft can be determined after comparing the maximum of the sum of the

maximum daily demand and the fire demand or the maximum hourly demand. So, fire

demand has to be calculated.

Fire Demand: 3182 \P (liters/minute, population in thousands) <
= 3182 v 200 liters/min. = 45000 liters/min .
=45000 x 60 x 24 litres / day

= 64.8 MLD per day (fire demand is usually estimated for a few

hours not for a day. Here, it’s considered for the entire day)

Coincident draft: 90 + 64.8 MLD = 154.8 MLD per day > 135 MLD (max.<

hourly demand of max. day)

= 154.8 MLD per day, determines the infrastructure network. <

This shows how fluctuations determine infrastructure design in an urban area., “
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Effects of Fluctuations
» Sources of supply (wells) : Maximum daily consumption/ A\oﬂe_dmpion

» Pipe mains(Source to service reservoir): Maximum daily consumption

» Treatment plants: Maximum ﬁlenﬂ(lmgtmn) or (2 times x average
consugaatian if breakdowns are considered) S ——

» Pumps: Maximum daily draft(1.8 times x average consumption) or, (2 times x average consumption If
breakdowns are considered) R =

» Distribution system(service reservoir to buildings): Maximum hourly draft of maximum day or
coincident draft whichever is more

» Service reservoir: Designed to balance the i

T Hilen

+ qg‘qomlnd(z hours) + emergencies
Sevice | oibofon
Mains fo filters (1) Reservoir \ Systom (1)

£

Effects of Fluctuations

water—supply—infrastrocture—orequipment—SoFfor-example;—for the supply wells, the

maximum daily consumption or average daily consumption can be considered. There is

there—we—are—not-bothered-abeutthe—per hour draft for designing the supply wells e

something—because water can be drawn from the wells continuously at a steady rate.

Similarly, maximum daily consumption can be considered for designing Pipe mains

(source to service reservoir)we-ean-always—contintousty-draw—waterfrom-the—-well-and
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Until the sservice reservoir, everything eeuwld-can be done at a steady rate-and, so se;
maximum daily consumption is—geed-enengh-can be considered. Hourly consumption
difference is considered at will-be-taken-care-by-the service reservoir. -self:

Se-The mtreatment-plants—maximum daily draft can be considered for treatment plants

(Either (1.8 times X average consumption) or (2 times X average consumption if

breakdowns are considered)).either—youtknow—we—can—take1-8—thatis—maximumdaily

Sestmitarly-Ffor pumps, the maximum daily draft is considered ((1.8 times x average

consumption) or, (2 times x average consumption if breakdowns are considered)). —-we

Here—we—take—maximum hourly draft of maximum day or coincident draft can be

considered based on whichever is more. The service reservoir is designed to balance the

fluctuations and

chapiaes

Formatiert: Schriftart: Times New
Roman, 12 Pt.




The layout of the water supply scheme is given in the above image showing the intake
from water source.Se—yot—ecan—sece—that-overhere—itn—this—partiettarpipelne—maxtnum

reservoir, —ever-here-this—is—the-pipeline to the distribution system_distribution system

and the treatment plant. A low lift pump lifts the water to the tracatment plant and the

water after treatment is pumped through the pipeline to the service reservoir. So, till the

service reservoir, the maximum daily consumption can be considered while designing,

except for the mechanical system involved in the treatment units where a higher value

can be adopted (twice). Beyond the service reservoir, design can be based on the

coincident draft or the higher of the coincident draft and the maximum hourly draft.
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Conclusion

Per capita demand for water varies monthly, weekly, daily and hourly and needs to be considered
in water supply inf ture and equip design and op

The effect of water demand fluctuation is different for different infrastructure and equipment of
water supply scheme.

The entire distribution system has to be designed considering the higher of the coincident
draft or the maximum hourly draft of the maximum day.

<

- PSeto-conclude-theper capita demand for water varies monthly, weekly, daily+

and hourly and needs to be considered in water supply infrastructure and

equipment design and operation.

- The effect of water demand fluctuation is different for different infrastructure and

equipment of water supply schemes. So, that has to be considered.

- ThAndfinally—the entire distribution system has to be designed considering the

higher of the coincident draft or the maximum hourly draft of the maximum day.

Formatiert: Schriftart: Fett,
Unterstrichen

[Formatiert: Abstand Nach: 0 Pt. }

Formatiert: Abstand Vor: 0 Pt,,
Nach: 0 Pt., Aufgezahlt + Ebene: 1
+ Ausgerichtet an: 0,63 cm +
Einzug bei: 1,27 cm




Formatiert: Schriftart: Fett,

References Unterstrichen

(Refer Slide Time: 21:19)

References

» Cedo et.al Water supply systems - New technologies (1" ed.). Springer, doi: 10.1007/978-
3-642-61187-2

» G.S.Birdie &J. S. Birdie . Water supply and sanitary engineering (8th ed.). Dhanpat Rai
Publishing Company, New Delhi

» SX. Garg (1977). Water supply engineering. Khanna Publishers.



