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WATER DEMAND & RESOURCES

1.1 | WaTer DEmAND

1.1.1 Domestic Water Demand

The total domestic water consumption usually vary from 50% to 60% of the total water supply to a city.
The IS code list down a limit of water consumption between 135 to 225 ltr/capita/day (LPCD). Under
ordinary condition (as per IS code) the domestic water demand for a town or a city with full flushing system
should be taken as 200 LPCD. Although it can be reduced to 135 LPCD for economical weaker section and
LIG colony.

1.1.2 Industrial Water Demand

This quantity varies with number and type of industries present in the city. This consumption under ordinary
condition is 50 LPCD. Some industries influence a high water demand like : Paper industry, Textile
industries etc.

1.1.3 Institutional and Commercial Water Demand
On an average demand is 20 LPCD. It may be as high as 50 LPCD.
1.1.4 Demand for Public Use

This includes water requirement for parks, gardening washing of roads etc. On this account a normal amount
not exceed 5% of consumption may be provided.

1.1.5 Fire Demand

The quantity of water require for fire is not very large. The city upto 50 lakh population hardly amount is
1 LPCD. But this water should be easily available and kept always stored in storage reservoir.

1.1.6 Water Demand for Losses & Theft
This may be as high as 15% of total demand.

1.2 | Factors ArrecTING WATER DEMAND

(a) Size of city (b) Climate condition
(c) Industrial and commercial activities (d) Habits of people
(e) Quality of water supply (f) Pressure in the distribution system.
(g) Development of sewage facility. (h) Cost of water and method of charging.
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1.3 | PoruLATION FORECASTING METHODS

Methods are based on laws of probability and growth curve. Following are population forecasting

methods :

(a) Arithmetic increase method (b) Geometric increase method

(¢) Incremental Increase method (d) Decreasing rate of growth method
(e) Simple graphical method (f) Comparative graphical method

(g) Master plan method or zoning method (h) The ratio method or apportionment method
(1) The logistic carve method
Methods are Discussed Below:

(a) Arithmetic Increase Method

This method assumes that the population increases at a constant rate :

P
— =constnat
dt
Forecasted population (P ) after 'n’ decades
P =P, +nX
where,

P, = Population at last known census.

X = Average (Arithmetic mean) of population increase in last
decades.

n = No. of decades between last census and future.
(b) Geometric Increase Method
It 1s also known as ‘uniform increase method’.

Forecasted population,

r n
Pn = PO [l‘f‘mJ

where,
P, = Population at last known census.
r = Growth rate (%)
Increase in population
= " Orginal population x100 for each decade.
Knowing as r, r,, Iy, I ..o, r, for cach decade.

The average value of r can be found by

(i) Arithmetic average method

. G4+ 4 I,
n
(i) Geometric average method
1
r=(r Xr, XTIy ... xr)"

Note: Engineers adopt arithmetic average method since it gives more value than the geometric avg.
Method. However GOI manual on water supply recommends ‘Geometric mean method’.
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(iii) Incremental increase method:
Rate of growth is not assumed constant.

Population

where,
0» 0, X are as usual.

y = Average of Incremental increase of the known decades.

Note: (1) Geometric mean method suitable for younger cities expanding of faster rate.

(i) Incremental increase method suitable for both old and new cities.

Example: The population of 5 decades from 1930 to 1970 are given below in table. Find out the
population after ‘3° decades beyond the last known decade, by using

(1) Arithmetic mean method (i1) Geometric mean method (i) incremental increase method

Y ear 1930 1940 1950 1960 1970
Population | 25000 28000 34000 42000 47000

Solution:

Col (1) Col (2) Col (3) Col (4) Col (5)
Year Population | Increase in population Growth rate (r) % Incremental increase
1930 25000

3000 5099 100 =12
1940 28000 25000 6000-3000 = 3000
6000 6000 1 00-21.4
1950 34000 23080 8000-6000 = 2000
8000 8090 100 =235
1960 42000 34000 5000-8000 = -3000
5000 2000 100=11.9
1970 47000 42000
Total 2= 22000 2= 2000
(i) Arithmetic mean method:
2001(3) 22000
X= = =5500
4
Pyooo =Prozo +n X
= 47000 + 3 x 5500 = 63500 Ans.
(i) Geometric mean method :
@ . r1+r2+r3+r4:12—1—21.4—1—23.5—1—11.9:17.2%

4 4

P P [1+ d Jn
2000 1970 100
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1/4
(b) r=(r, 1,1,1,)
/:
= (12 x 214 x 235 x 11.9)
= 16.37%
So,

= 47000 [1+16'37J3
2000 100

74066.62 = 74067

(ii1) Incremental Increase method :

_ 2_col(s) 2000

y = =666.67
y 3
B n(n+1)_
Pyo00 = Piozp + nX b
3(3+1)( 2000
= 47000 + 3 x 5500 + —_—
2 3
= 67500 Ans.

1.4 | WATER RESOURCES

Mainly there are two types of water resources:
1. Surface water resources
2. Ground water resources
1. Surface water resources
< It consist river, lake, water fall ctc.
% Among all the surface water resources rivers are main.
% The source of water in river is either rain or melting of ice.
2. Ground water resources
% The main ground water resources are well and tube-well.
% The possibility of ground water occurance depends upon (a) Porosity (b) Permeability
(a) Porosity : Indicates voids in which water will be accumulated.

(b) Permeability : It represent ability to pass water to itself. Only if permeability is large enough than
only water can be taken out from the pores.

1.5 | DarcY’s Law

As per Darcy the velocity of flow in soil is directly perposonal to hydraullic gradient.

= V xi
= V=Ki
- Q = KiA
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Where,
Q = Discharge rate
1 = Hydraullic gradient
A = Area of flow
K = Permeability of soil

= In general
A==wndh

But, Area available for flow of the water is only

void present in soil mass.

So,
A

where,

=> For the continuity equation,

actual

1 = Porosity

VA = Vact Aact'

A
_ v 2
Vou = [Aw]

=

Vit = Vicepage = —

v

act — Yseepage

n

Co-efficient of permeability depends upon pores medium as well as fluid properties.

Co-efficient of permeability is given as

where,

C = shape factor

v = kinematic viscosity of fluid

g = gravity acceleration

d = main or effective size of particle.

The component of permeability which represents only the properties of pores medium is called Intrinsic
permeability / Absolute permeability. Given as

K, = Cd’
Kv

Ay

K, = B8
T

. . ey 2
The unit of Intrinsic permeability is “m 7 Or “Darcy”

1darcy = 9.87x10™ m?
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1.6 | TYPE OF GROUND LAYERS

On the basis of porosity and permeability the following types of layers are given.

1. Agquifuse : Neighter pores nor permeable. Example : Granite.
2. Agquitard : Its permeability is less. It does not yield ground water freely, but seepage is possible through it.

Example : sandy clay.
3. Aquiclude : Highly pores but not permeable. Example : Clayey soil.
4. Agquifer : High pores and enough permeable. Example: sand deposits

1.7 | GROUND WATER YEILD
All water in the pores cannot be drained out under gravity. Some water can be retain due to molecular

attraction. It is called “Pellicular water”
. . Volume of water drain out under gravity
Specific yield = Total volume of soil being drain out

. ) Volume of water retain
SpeciffSgliagtion Total volume of soil being drain out

Specific yield + Specific retention =n

Smaller the particle size larger will be retention.

1.8 | SpeciFic CaPACITY

It is a rate of flow from well per unit drawdown. Various form of under ground source and there exploration:

1. Infilteration Gallery

—
2
H
R
infilteration gallery
K(H? -h{)L
Discharge Q = K —ho)L
R
where,
K = Permeability of soil
H = Height of water table
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h, = height of Infilteration gallery
L = Length of Infilteration gallery
R = Distance between water levels

2. Wells
i @Q
well )
lining

Previous layer

Meta layer

[T, VOO @mpervious layer)

“Shallow well deep well

Wells

I I
Tube well Open well
| |

[ | | |
Cavity well Spring type Shallow well deep well

» Shallow well : Well lining are resisted by soil friction. It may be deeper than deep well.

A\

Deep well : Well lining rest on the first impervious layer.

» Cavity Formation : Due to large discharge from the deep well, upward velocity of flow become more
than the critical velocity of flow and hence fine sand is get lifted along the water. More lifting of fine

sand cause a cavity below the meta layer.
» It increase the flow area approx 4/3 times.
» Cavity formation is dangerous in shallow well, as well lining may sink. hence discharge from shallow

well 1s limited.

1.9 | YieLp oF OPeN WELL

Yield at open well correctly calculated by pumping test in the field.
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Q, = Q, = water level maintain

Q, > Q, = water level increases

Q, < Q, = water level decreases

1.10 | PumpPING TEST

Pumping causes drawdrown thus it is adjucted to make water level constant. Under this equilibrium condition
rate of pumping will be equal to rate of yield from the cell

Q = CAS
where,
Q = Discharge
C = Specific capacity per unit arca of well
S = Drawdown

A = Area of well (Bottom arca)

A %dz (Shallow well)

LT (for d Il
=377 (for deep well)

If C and A are constant than

% = constant.
Q_Q
S, S,

The value of °s” for which the velocity become equal to critical velocity (for sand comes out) is called

1
“Critical dispression head”. Working head = 3 critical dispression head (generally).

1.11 | RE-cUPERATION TEST

[] 7
S, 1S
| |
(D t=20
@) t=T
S =8,
S=8,
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When pump stopped
t = T after pump stopped
(EJ—2'3O3IO S C
AT o8 s, ) Q:XxVolume
where,
C . . .
N Specific yield or specific capacity
Q = Discharge
Volume = A, x dispression head (H)
uaa
# 100-102, Ram Nagar, Bambala Puliya AIENGINEERS ACADEM Email : info @ engineersacademy.org

Pl‘atap Nagar, Tonk Road’ Jaipur—33 Your GATEway to Professional Excellence g

\ &1/ Website : www.engineersacademy.or
Ph.: +91.8094441777 IES  GATE ¢ PSUs ¢ JTO ¢ IAS ¢ NET 8 ). org




10 |

ENGINEERS ACADEMY

Water Demand & Resources

Civil Engineering

OBJECTIVE QUESTIONS

1.
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Consider the following statements:

The daily per capita consumption of water
apparently increase with

1. higher standard of living of people
2. availability of sewerage in the city
3. metered water supply
4. wholesome and potable quality of water
Which of these statements are correct?
(a) 1,2and 3 (b) 2,3 and 4
(¢) 1,3 and 4 (d) 1,2 and 4
Water distribution systems are sized to meet the
(a) maximum hourly demand
(b) Average hourly demand
(¢) maximum daily demand and fire demand
(d) average dialy demand and fire demand

The present population of a community is 28000
with an average water consumption of 4200 m’/
d. The existing water treatment plant has a design
capacity of 6000 m?/d. It is expected that the
population will increase to 44000 during the next
20 years. The number of years from now when
the plant will reach its design capacity, assuming
an arithmetic rate of population growth, will be

(b) 8.6 years
(d) 16.5 years

(a) 5.5 years
(c) 15.0 years

On which of the following factors, does the
population growth in a town normally depend?

1. Birth and death rates
2. Migrations

3. Probabilistic growth
4. Logistic growth

Select the correct answer using the code given

below:
(a) 1 and 4 (b) 1 and 2
(¢) 1,2 and 3 (d) 2 and 3

+91-8094441777
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Which one of the following factors has the
maximum effect on figure of per capita demand
of water supply of given town?

(a) Method of charging of the consumption
(b) Quality of water

(c) System of supply-intermittent

(d) Industrial demand

In a city with a population of 70,000 water is
drawn for domestic purposes from a bell-mouth
intake in a canal which runs only for 10 hours
a day with a flow depth of 1.5m. If the average
consumption per person is 150 /pcd , then the
intake load is

(@) 0.30 m'/s (b) 0.29 m¥/s
(c) 0.27 m'/s (d) 0.25 m'/s

Which one of the following methods given the
best estimate of population growth of a
community with limited land area for future
expansion?

(a) Aritmetical increase method
(b) Geometrical increase method
(¢) Increametal increase method
(d) Logistic method

Metch List-I (Tests)with List-II (Features) and
select the correct answer using the codes given
below the lists:

List-1
Pumping test
Recuperation Test

Pressure Test

T 0w >

Jar Test
List-11

1. The gradual rise of water level in well is
observed as time progresses

2. Rate of pumping is adjusted to constant level
of water in well

Email : info (@ engineersacademy.org
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3. Vigrous mixing of the chemical following
by slow mixing.

4. Pipeline is filled up with water, allowed to
stand for sometime and then at least double
the maximum pressure is applied.

Codes: A B C D

10.

11.

12.

13.

14.
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@1 2 3 4
(b) 2 1 4 3
©1 2 4 3
) 2 1 3 4

The averaging is done for per capita water
demand is over a period of time

(a) 24 hours
(c) 10 year

(b) One years
(d) 35 years
The multiplying factor, as applied to obtain the

peak hourly demand, in relation to the maximum
daily demand (per hour) is

(@ 1.5 (b) 1.8
(c) 2.0 (d) 2.7
If the average daily water consumption of a city

is 24000 cum, the peak hourly demand (or the
maximum day) will be

(a) 1000 cum/hr (b) 1500 cum/hr
(c) 1800 cum/hr (d) 2700 cum/hr

Water treatment units may be designed, including

100% reserves, for water demand equal to
(a) Average daily (b) Twice of average daily
(c) Maximum daily (d) None of the above

Distribution system in water supplies, is designed
on the basis of

(a) Average daily demand

(b) Peak hourly demand

(¢) coincident draft

(d) Greater of (b) and (c¢) above

15.

16.

17.

18.

19.

20.

ENGINEERS ACADEMY]

The average per capita consumption of water
per day in an indian city is about

@) 135 1 (b) 300 1
() 450 1 () 600 1

Industrial and commercial demand accounts
for...of the total demand

(@) 5% (b) 30%

(c) 20% (d) 10%

Water is said to be contaminated, if it contain
(a) Pathogens

(b) Undesirable suspended matter, making it unfit
for drinking and domestic use

(c) Dissolved salts

(d) None of the above

‘Wholesome water” does not contain

(a) Pathogenic bacteria

(b) Suspended matter in quantities harmful to man
(c) Fire and public-use demand

(d) All of the above

Industrial and commercial water demand 1n a
city as compared to total demand of city, is

(a) 10 to 15% (b) 15 to 20%

(c) 20 to 25% (d) 30 to 40%

Decrease in per capita consumption occurs by
(a) Use of metering system

(b) Hot climate

(c) Good quality water is supplied

(d) All of the above

ada
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ANSWERS AND EXPLANATIONS

1.
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Ans.(d) 5.

To avoid wastage of water, the government
sometimes uses metered water supply. As, in
metered water supply, government can keep track
amount of water used, it reduces the tendency of
people to waste water. All the other statements
increases the daily consumption of water.

Ans. (d) 6.
Ans. (¢)

P, = 28,000
Average increase per decade,
44,000 - 28,000

5 — 8,000
4200 m*/d required for 28,000 persons
6000m?*/d sufficient for persons
_ 28000 x 6000 — 40,000
4200
P =P + nx 7.
40,000 = 28,000 + n.8,000
n = 1.5 decades 10.
= 15 years 12.
Ans. (b) 14.
The population growth of a town depends mainly ~ 16.
on three factors: 18.

(1) Births.
(i1) Deaths.
(ii1)) Migration.

ENGINEERS ACADEMY]

Ans. (d)

The pressure of industrial activity at a particular
place increases the water consumption by large
amounts. Many industries require huge amount
of water (much more than the domestic demand)
and as such, increase the water demand
considerably.

Ans. (b)
Population = 70000

Avg. consumption = 150 Ipd.

70000150
1000

= 10500 m*/day

Total daily consumption =

. 10500
mtake load = m
= 0.29 m?/sec.

Ans. (a)
Ans. (b) 9. Ans. (b)
Ans. (a) 11. Ans. (d)
Ans. (b) 13. Ans. (d)
Ans. (a) 15. Ans. (d)
Ans. (a) 17. Ans. (b)
Ans. (¢) 19. Ans. (a)
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QuaLity CoNTROL OF WATER

Water impurities are classified on the basis of following properties

1. Physical Parameter 2. Chemical Parameter 3. Biological Parameter

2.1 | PHYsicAL PARAMETER

1. Suspended solids 2. Turbidity
3. Taste and odour 4. Colour
5. Temperature

1.  Suspended Solids

Source : These are called as physical parameters where as dissolved solids are considered as chemical
parameters. SS comes from inorganic particles like silt, clay etc., immiscible liquids like oils and greases
and organic particles like plant fiber, algae, etc. Inorganic solids are non-degradable solids.

Note: Problem of SS comes only in surface water but not in groundwater.

Objection : These are objectionable because :
& Acsthetically displeasing,
& It provides adsorption sites for chemical and biological agents

& They may also be biologically active and may form disease causing organisms as well as organisms
such as toxin producing strains of algae.

> Measurement :

Most of the methods are gravimetric i.e. SS are calculated by weighing them. Total solids i.e. all solids
(suspended or dissolved) are calculated by evaporating the sample and measuring the residue. Heating
temperature is 104°C. Suspended solid is obtained by filtration and heating the residue on filter at 104°C.

Dissolved solids (DS) = Total solids (TS) — Suspended solids (SS)

Note : Filtration in real terms does not exactly divides the solids into suspended and dissolved fractions
because some colloids may pass through the filter and can get measured along with dissolved fraction.

Hence classification is done as filterable and non-filterable solids.

Hence suspended solids are corresponding to non-filterable solids and dissolved solids are corresponding
to filterable solids.

The organic content of both total and dissolved solids can be determined by firing the residue at 650°C.
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Organic fraction EELUASEN CO, + Water + Other gases
Remaining solids are inorganic solids or fixed solids.
»  The permissible limits :
%  For suspended solid as per EPA is 30 mg/l
2. Turbidity:
»  Definition : Turbidity is the measure of extent to which light is either absorbed or scattered by suspended
material in water. It is not a direct quantitative measure of suspended solids.
»  Objection : Disinfection of turbid water is difficult because the suspended solids may partially shield the
organisms from disinfectant.
% In natural bodies turbidity interferes with light penetration and hence with the photosynthetic reactions
(which gives oxygen to the water).
»  Measurement : Measurement of turbidity is done using the following :
(a) Turbidity rod (b) Jackson’s turbidimeter
(c) Baylis turbidimeter (d) Nephelometer
(a) Turbidity Rod
Rod with platinum needle is inserted inside water and the depth at which platinum needle just becomes
invisible gives turbidity in ppm. Turbidity which one milligram of finely divided silica produces in one litre
of distilled water is taken as on¢ unit. The permissible limit is 5 - 10 ppm. It is a fields method.
Note: Government of India manual gives turbidity in NTU i.e. Nephelometer turbidity unit. Acceptable
limit is 1 and cause for rejection is 10.
(b) Jackson’s Turbidimeter :
% The level of water is increased till the image of flame ceases to be seen.
% The turbidity is measured from graduated glass tube.
% It is used when turbidity is greater than 25 ppm.
% It is a laboratory method.
Note: Turbid raw water of natural source has turbidity greater than 25 ppm.
(c) Baylis Turbidimeter and Nephelometer :
Baylis and Nephelometer turbidimeters are based on colour matching techniques. In this case even a small
turbidity of one unit or less can be measured. Hence these are most widely used for domestic water
supplies. In Baylis turbiditymeter light intensity is measured in the direction of incident light only where
as in nephelometer light intensity is measured at right angles to the incident ray. Hence NTU is based on
scattering principle. If Formazine, a chemical, is used as base in place of SiO,. The turbidity unit is also
sometimes called FTU.
3.  Taste and Odour
Taste and odour are caused by dissolved gasses like H,S (Hydrogen sulphide), mercaptans, methane
organic matter derived from certain dead or living micro organism, decomposing organic matter, industrial
liquid, water containing phenols, cresols, ammonia, agricultural chemicals, high residual chlorine and
chloro-phenols.
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Source :

Sulphur imparts rotten egg like taste and odour.

Algae secretes oily substances that may result in bad taste and odour.
Objection : The taste and odour causing compounds may be carcinogenic.
Measurement :

Measurement of taste and odour causing organics can be done using gas or liquid chromatography.
However this method is costly and not done in routine. Intensity of taste and odour is measured by
Threshold Odour Number(TON). It represents the dilution ratio at which odour is hardly detectable.
TON allowed is between 1 — 3. TON testing is done in cold water because increase in temperature may

A+B
change the taste and odour. The formula for TON = A where A is the volume of odourus water in

mL and B is the volume of odour free water required to produce a mixture in which odour is hardly
detectable. Odours can be removed by mechanical acration, oxidation by chemicals like chlorine or its
compounds or ozone or permanganate and adsorption of odour by agents such as activated carbon, flock
or clays.

Colour
Source : Colour is caused by suspended and dissolved matter in water.

After suspended matter causing colour is removed by centrifugation, the colour obtained is called true
colour. Humic acid gives yellowish brown colour, Iron oxide gives reddish colour, manganese oxide gives
brown or blackish water. Water containing oxidised iron and manganese impart characteristic reddish or
black colour. Heavy growth of algae may also impart colour to the water.

Objection :

Coloured water is not suitable for dying purpose. Organic compounds causing colour may exert chlorine
demand and hence reduces the effectiveness of disinfection by chlorine. Phenolic compound with chlorine
produces taste and odour. Some colour causing organic compounds with chlorine becomes carcinogenic.

Measurement:

Measurement of colour is done by colour matching technique (tintometer). Result is expressed in TCU or
Hazen unit (True colour unit) where 1 TCU is equal to colour produced by 1 mg per litre of platinum in
the form of chloroplatinate ion (It is only for vellowish brown colour). For colour other than yellowish
brown i.¢. from industrial effluent, spectro photometric technique is used. The colour testing is done within
72 hours of collection as effluent biological or physical properties may change.

Permissible limit : Acceptable limit is 5 TCU and cause for rejection is 25 TCU
Temperature :

Temperature affects the chemical and biological reactions. An increase in 10°C, doubles the biological
activity. Hence for water supply, the temperature should be between 10-25°C and greater than 25°C is
objectionable.
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