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Water Supply Engineering

Introdction
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Public water supply system
INTRODUCTION
Importance of Water
 Man and animals not only consume water, but they also

consume vegetation for their food. Vegetation, in turn,
cannot grow without water.
 Growth of vegetation also depends upon bacterial action,
while bacteria need water in order to thrive.
 Good sanitation cannot be maintained without adequate
water supply system.
 Man needs water for drinking, cooking, cleaning and
washing.
 Water maintains an ecological balance- balance in the
relationship between living things and environment in
which they live.
4

Types of Water
Polluted &
Contaminated
water

Types

Pure Water
&Impure
water
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Types of Water Pollution
Point Sources

Non-Point
Sources

• occurs when harmful substances
are emitted directly into a body
of water. e.g. pipe from an
industrial facility emitted
directly into a body of water.

• delivers pollutants through
transport or environmental
charge. e.g. fertilizer from a farm
field carried into a stream by
rain
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What is Water Supply System?

Water Supply System is a network of pipelines of various
sizes with control valves for carrying water to all streets
and supplying water to the consumers.

Water Supply
System

Continuous

Intermittent
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Water Supply System
Distribution

Treatment

Water
Supply
System

Collection

Conveyance
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Historical Development
 Most of the historical community settlements throughout the







world were made near springs, lakes and rivers from where water
for drinking and irrigation purposes was obtained.
In the ninth century, few important water supply structures were
constructed by the Moors in Spain. In the 12th century, small
aqueduct was constructed in Paris. In London, spring water was
brought by means of lead pipes and masonry conduits in the
thirteenth century.
During the first phase of the Industrial Revolution, large
impounding reservoirs were developed due to the necessity of
feeding canals.
The first water filter was constructed in 1804 by John Gibb at
Paisley in Scotland.
The first permanent use of chlorination originated under the
direction of Sir Alexander Houston at Lincoln in 1905.
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Water Supply Engineering

UNIT I - SOURCES OF WATER
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Need for planned water supply schemes
 Quality
 Quantity
 Reliability
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Unit 1
 Objectives:
• To supply safe and wholesome water to the consumers.
• To supply water in adequate quantity.
• To make water available within easy reach of the
consumers so as to encourage the general cleanliness.
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Cont..
Design period:
 Design period is the future period for which a provision is
made in designing the capacities of various components of
the water supply scheme This quantity should be worked
out with due provision for the estimated requirements of
the future .
 Design period is estimated based on the following:
 Useful life of the component, considering obsolescence,
wear, tear, etc.
 Expandability aspect.
 Anticipated rate of growth of population, including
industrial, commercial
 developments & migration-immigration. Available
resources.
 Performance of the system during initial period.
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UNIT-1

Population Forecasting
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Population forecasting
 Population forecasting:
 The various methods adopted for estimating future populations











are given below. The particular method to be adopted for a
particular case or for a particular city depends largely on the
factors discussed in the methods, and the selection is left to the
discretion and intelligence of the designer.
Arithmetic Increase Method
Geometric Increase Method
Incremental Increase Method
Decreasing Rate of Growth Method
Simple Graphical Method
Comparative Graphical Method
Ratio Method
Master Plan method
Logistic Curve Method
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Cont..
Population Forecasting
 Design of water supply and sanitation scheme is based on the

projected population of a particular city, estimated for the design
period. Any underestimated value will make system
 inadequate for the purpose intended; similarly overestimated
value will make it costly. Change in the population of the city
over the years occurs, and the system should be designed taking
into account of the population at the end of the design period.
Factors affecting changes in population are:





increase due to births
decrease due to deaths
increase/ decrease due to migration
increase due to annexation.

 The present and past population record for the city can be

obtained from the census population records. After collecting
these population figures, the population at the end of design
period is predicted using various methods as suitable for that
city considering the growth pattern followed by the city.

Arithmetical Increase Method

This method is suitable for large and old city with considerable
development. If it is used for small, average or comparatively new
cities, it will give low result than actual value. In this method the
average increase in population per decade is calculated from the
past census reports. This increase is added to the present
population to find out the population of the next decade. Thus, it
is assumed that the population is increasing at constant rate.

Hence, dP/dt = C i.e. rate of change of population with respect to
time is constant.
Therefore, Population after nth decade will be
Pn= P + n.C
Where, Pn is the population after n decade and P is present
population
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Arithmetical Increase Method
Example:1
Predict the population for the year 2021, 2031, and 2041
from the following population data.
Year

1961

Population 8,58,545

1971

1981

1991

2001

2011

10,15,672

12,01,553

16,91,538,

20,77,820 25,85,862
,

Year

Population

Increment

1961

858545

-

1971

1015672

157127

1981

1201553

185881

1991

1691538

489985

2001

2077820

386282

2011

2585862

508042
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Cont..
Average increment = 345463
Population in year 2021 is, P2021 = 2585862 + 345463 x
1=2931325
Similarly, P2031 = 2585862 + 345463 x 2 = 3276788
P2041 = 2585862 + 345463 x 3 = 3622251
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2. Geometrical Increase Method (Or) Geometrical Progression
Method
• In this method the percentage increase in population from decade to decade is
assumed to remain constant.
• Geometric mean increase is used to find out the future increment in
population. Since this method gives higher values and hence should be applied
for a new industrial town at the beginning of development for only few
decades.
• The population at the end of nth decade ‘Pn’ can be estimated as In this method
the percentage increase in population from decade to decade is assumed to
remain constant.
• Geometric mean increase is used to find out the future increment in
population. Since this method gives higher values and hence should be applied
for a new industrial town at the beginning of development for only:

Pn = P (1+ IG/100) n
Where, IG = geometric mean (%)
P = Present population
N = no. of decades.
Example : 2
Considering data given in example 1 predict the population for the year 2021, 2031,
and 2041 using geometrical progression method.
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Geometrical Increase Method
Year

Populatio
n

Increme
nt

1961

858545

-

1971

1015672

157127

1981

1201553

185881

1991

1691538

489985

2001

2077820

386282

2011

2585862

508042

Geometrical
increase
Rate of growth
(157127/858545)
= 0.18
(185881/1015672)
= 0.18
(489985/1201553)
= 0.40
(386282/1691538)
= 0.23
(508042/2077820)
= 0.24

Geometric mean IG = (0.18 x 0.18 x 0.40 x 0.23 x 0.24)1/4 = 0.235 i.e., 23.5%
Population in year 2021 is, P2021 = 2585862 x (1+ 0.235)1 = 3193540 similarly for year
2031 and 2041 can be calculated by,
P2031 = 2585862 x (1+ 0.235)2 = 3944021
P2041 = 2585862 x (1+ 0.235)3 = 4870866
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Incremental Increase Method
Incremental Increase Method
This method is modification of arithmetical increase method and it is suitable for
an average size town under normal condition where the growth rate is found to be
in increasing order.
While adopting this method the increase in increment is considered for
calculating future population.
The incremental increase is determined for each decade from the past population
and the average value is added to the present population along with the average
rate of increase.
Hence, population after nth decade is Pn = P+ n.X + {n (n+1)/2}.Y
Where, Pn = Population after nth decade
X = Average increase
Y = Incremental increase
Example: 3
Considering data given in example 1 predict the population for the year 2021, 2031,
and 2041 using incremental increase method.
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Incremental Increase Method
Year

Increase (X)

1971

Populatio
n
1015672

157127

Incremental
increase (Y)
-

1981

1201553

185881

+28754

1991

1691538

489985

+304104

2001

2077820

386282

-103703

2011

2585862

508042

+121760

Total

1727317

350915

Average

345463

87729

Population in year 2021 is, P2021 = 2585862 + (345463 x 1) + {(1 (1+1))/2} x 87729
= 3019054
P2031 = 2585862 + (345463 x 2) + {((2 (2+1)/2)}x 87729
= 3539975
P2041 = 2585862 + (345463 x 3) + {((3 (3+1)/2)}x
87729
= 4148625
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Decrease Rate of Growth Method or Decreasing Rate Method:

It has been seen that all life grow within limited space.
If the complete growth of a very old city is plotted, it will
be seen that the curve has S-shape, which indicates that
early growth takes place at an increasing rate, latter growth
is at a decreasing rate which indicates that saturation limit
is reached.
In this method, the average decrease in the percentage
increase is worked out and is then subtracted from the
latest percentage increase for each successive decade.
Example 4:
Solve example 1, by using decrease rate of growth method.
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Decrease Rate of Growth Method
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5. GRAPHICAL METHOD
 In this method, the populations of last few decades are

correctly plotted to a suitable scale on graph.

 The population curve is smoothly extended for getting

future population.

 This extension should be done carefully and it requires

proper experience and judgment.

 The best way of applying this method is to extend the curve

by comparing with population curve of some other similar
cities having the similar growth condition.
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6.Comparative Graphical Method
 In this method, the cities having conditions and

characteristics similar to the city whose future
population is to be estimated are first of all selected.
 It is then assumed that the city under consideration

will develop as the selected similar cities have
developed in the past.
 This method has a logical background, and if statistics

of development of similar cities are available quite
precise and reliable results can be obtained.
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6.Comparative Graphical Method –Cont..

Fig. 5.2 shows the development of cities A,B, C and D. The development of the
city ‘X’ under consideration has been shown by dotted line. Future expected
population at any decade can be directly determined from this graph.
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Master Plan Method

• The development of towns and cities is not allowed in haphazard way.
• For the development of the towns and cities, their master plans are prepared.
• The city is divided into various zones such as commercial centres, industrial
areas, residential areas, the schools, colleges, parks etc.
• The future expansion of the cities is strictly regulated by various bylaws of
corporations and other local bodies, according to the master plan.
• The master plans are prepared for the development of the cities for 25-30 years.
• The population densities for various zones of the towns to be developed are
also fixed.

• Now when the population of a particular zone is fixed, it is very easy to design
the water supply schemes for the particular zones.
• The future development of the water works is also designed on the basis of the
master plan.
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The Master Plan Method

Table - gives the common population densities for preparation of
master plans:
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8. Logistic Curve Method

If the population of a town is plotted with respect to
time, the curve so obtained under normal conditions
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Cont..
 The early growth of the city is shown by curve JK at an








increasing rate of dp/dt α p.
The growth rate between point K to M follows curve of
dp/dt = constant.
The transitional curve KM also passes through the
point of inflexion L.Later on the growth from M to N
follows the decreasing rate i.e., dp/dt α (ps-p)
where p is population of the town at point t from the
origin
j and ps is the saturation value of the population.
The s-shaped curve JKLMN is called logistic curve.
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Cont..

McLean further suggested that if three pairs of the characteristics values P0, P1 and
P2 at times t0, t1, and t2 which are extending over the useful range of the population
are so chosen that to= 0, t1, and t2 = 2t1 the saturation values Ps and constants m and n
can be determined from the following equation:
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Cont..
 Following is the population of a city as noted from the census
department:

Determine (a) the saturation population (b) the expected population in
1980 and the equation of logistic curve.
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Cont..
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Cont..
 Now substituting the values of Ps m and n in equation
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9. The Apportionment Method
 This is also known as the ratio method of forecasting future










population.
In this method the census population record is expressed as the
percentage of the population of the whole country.
The population of the city under consideration and the country’s
population for the last four to five decades are collected from the
census department.
The ratio of the town under consideration to the national population is
calculated for these decades.
Now a graph is plotted between these ratios and the time. The
extension of this graph will give the ratio corresponding to the future
years for which the forecasting of population is to be done.
The ratio so obtained is multiplied by the expected national population
at the end of the designed period, for determining the expected
national population of the town under reference.
This method is suitable for those towns and cities whose development
is likely to take place according to the national growth.
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UNIT-1

Water Demand
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Water demand
The quantity of water required for various uses
Types of Consumption

Normal Range
Average
(lit/capita/day)

%

1

Domestic Consumption

65-300

160

35

2

Industrial and Commercial
Demand

45-450

135

30

3

Public Uses including Fire
Demand

20-90

45

10

4

Losses and Waste

45-150

62
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Fire Fighting Demand:
The per capita fire demand is very less on an average basis but the rate at
which the water is required is very large. The rate of fire demand is
sometimes treated as a function of population and is worked out from
following empirical formulae:
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Authority

Formulae (P in
thousand)

Q for 1 lakh
Population)

American
Insurance
Association

Q (L/min)=4637 QP (10.01 ÖP)

41760

Kuchling's
Formula

Q (L/min)=3182 QP

31800

Freeman's
Formula

Q (L/min)=
1136.5(P/5+10)

35050

Ministry of Urban
Development
Manual Formula

Q (kilo liters/d)=100 QP
for P>50000

31623

Types of water demand:
1. Domestic Water Demand
2. Commercial and Industrial Demand
3. Fire-Demand
4. Demand for Public Use
5. Compensate Losses Demand.
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Cont..
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Fire Demand
Let's Q be the demand of water required in liters/minute. Rate of fire demand is sometimes
treated as a function of population and is worked our on the basis of the empirical formulas:
(1) Kuichling Formula
Where, Q = Amount of Water required in liters/minute.
P = Population in thousands.

(2) Freeman Formula

(3) National Board of Fire Under Writers Formula

(a) For a central congested high valued city
(i) Where population < 200000
(ii) Where population > 200000
Q = 54600 lit/minute for first fire
and Q = 9100 to 36, 400 lit/minute for a second fire.
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Cont..
(b) For a residential city.
(i) Small or low building- Q = 2,200 lit/minutes.
(ii) Larger or higher buildings- Q = 4500 lit/minute
(iii) High value residences, apartments, tenementsQ = 7650 to 13,500 lit/minute.
(iv) Three storeyed buildings in density built up sectionsQ = 27,000 lit/minute.
(4) Buston's Formula
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Per Capita Demand:
In community, water is used for various purposes as described above. For
the purpose of estimation of total requirements of water, the demand is
calculated on an average basic, which is expressed as so many
litres/capita/day.
If Q is the total quantity of water required by a town per year in litres, and
the population of the town is P. the per capita demand will be.

The per capita demand of the town depends on various factors and
will be according to the living standard of the public and the number
and type of the commercial places in the town etc.
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Cont..

The various factors affecting the rate of demand of water :

1. Climatic Conditions
2. Cost of Water
3. Pressure in the Distribution System:
4. Economic Status of Consumers:
5. Number of Commercial Establishments and Industries:
6. Method of Charging—Metered or Unmetered Water Supply System
(or Policy of Metering):
7. Quality of Water:
8. Sewerage System:
9. Size of Town or City:
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10. System of Supply of Water
However, there are several points for and against the installation of meters in
a water supply system which are given below:
Points for the Installation of Meters:
(i) The consumer is required to pay only for the quantity of water he actually uses.
(ii) Wastage of water is reduced.
(iii) The reduction in consumption of water results in reducing loads on water
purification plants, pumps, sewers, etc.
(iv) The points of leakage may be more easily located.
(v) The careful consumer pays less and the careless consumer pays more.
(vi) When the quantity of water available is limited and the cost of operation is high,
metering of water supplies provides the optimum utilisation of water.
Points against the Installation of Meters:
(i) There is appreciable loss of pressure through meters which adds to the cost of
pumping.
(ii) Metering is quite expensive because a lot of money is to be spent to buy, to
install, to read and to maintain the meters.
(iii) The limited use of water may result in unhygienic conditions and diseases.
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(iv) Gardening is diminished which affects the economy and the
general appearance of the town or city.
(v) The money required to be spent on meters might better be
spent on improvement of water supply scheme.
(vi) Wastage of water can be more economically checked by
inspection than by meters.
(vii) Cost and space required for setting up of meters may be
prohibitive and are certainly restrictive.

Per Capita Demand
Average Daily Per Capita Demand = Quantity Required in 12 Months/
(365 x Population)
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Fluctuations in Rate of Demand
Fluctuations in Rate of Demand
Seasonal variation: The demand peaks during summer. Firebreak outs are
generally more in summer, increasing demand. So, there is seasonal variation .
Daily variation depends on the activity. People draw out more water on Sundays
and Festival days, thus increasing demand on these days.
Hourly variations are very important as they have a wide range. During active
household working hours i.e. from six to ten in the morning and four to eight in
the evening, the bulk of the daily requirement is taken. During other hours the
requirement is negligible. Moreover, if a fire breaks out, a huge quantity of water
is required to be supplied during short duration, necessitating the need for a
maximum rate of hourly supply.
So, an adequate quantity of water must be available to meet the peak demand. To
meet all the fluctuations, the supply pipes, service reservoirs and distribution
pipes must be properly proportioned. The water is supplied by pumping directly
and the pumps and distribution system must be designed to meet the peak
demand. The effect of monthly variation influences the design of storage
reservoirs and the hourly variations influences the design of pumps and service
reservoirs. As the population decreases, the fluctuation rate increases.
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 Maximum daily demand = 1.8 x average daily

demand
Maximum hourly demand of maximum day i.e.
Peak demand
= 1.5 x average hourly demand
= 1.5 x Maximum daily demand/24
= 1.5 x (1.8 x average daily demand)/24
= 2.7 x average daily demand/24
= 2.7 x annual average hourly demand
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UNIT-1

Sources of Water
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Sources of water
Surface
sources

Sub surface
sources

•
•
•
•

Ponds and lakes;
Streams and rivers;
Storage reservoirs; and
Oceans, generally not used for water
supplies, at present.

• Springs;
• Infiltration wells ; and
• Wells and Tube-wells.
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Ponds and lakes
 Causes
 Quality
 Quantity
Ponds- size of the depression is small

Ponds

A pond is a man-made body of standing water smaller than a lake.
Thus ponds are formed due to excessive digging of ground for the
construction of roads, houses, etc and they are filled up with water in
rainy season.
The quantity of water in pond is very small and it contains many
impurities.
A pond cannot be adopted as a source of water supply
Lakes
and its water can only be used for washing of
clothes
or animals only.
Lakes- Size of the depression is large
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Rivers
Perennial Rivers - snowfed, water flows in such rivers for all the seasons.
Non-perennial rivers- rivers dries in summer either wholly or partly and in
monsoon, heavy flood visits them.
The quantity of water available from non-perennial rivers is variable throughout
the year and it is likely to fall down in hot season when demand of water is
maximum.
The quality of surface water obtained from rivers is not reliable.
It contains silt and suspended impurities.
When completely or partly treated sewage is being discharged into the river at
some upstream point, the river water is to be suspected for high contamination.
The river water requires to be properly analyzed as regards to the contents of
disease bacteria, harmful impurities, etc.
The presence of all such undesirable elements in river water requires an exhaustive
treatment of water before it can be make fit for drinking purposes.
It should however be noted that the quality of river water is subject to the widest
variations because it depends on various uncertain factors such as character of the
catchment area, the discharges of sewage and industrial wastes, climatic
conditions, season of the year, etc.
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Impounding Reservoirs
Storage reservoirs
An artificial lake formed by the construction
of dam across a valley is termed as a storage
reservoir. It essentially consists of the
following
three parts
 A dam to hold water
 A spillway to allow the excess water to flow and
 A gate chamber containing necessary valves for regulating the
flow of water
At present, this is rather the chief source of water supply
schemes for very big cities. The multi purpose reservoirs also
make provisions for other uses in addition to water supply such
as irrigation and power generation.
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Sources of water
Underground sources
In this type of source, the water that has percolated into the ground is brought on
the surface. The difference between the terms infiltration and percolation should
be noted. The entrance of rain water or melted snow into the ground is referred
to as infiltration. The movement of water after entrance is called percolation
It is observed that the surface of earth consists of alternate courses of pervious
and impervious strata. The pervious layers are those through which water can
easily pass while it is not possible for water to go through an impervious layer.
The pervious layers are known as aquifers or water-bearing strata. If aquifer
consists of sand and gravel strata, it gives good supply of drinking water. The
aquifer of limestone strata can supply good amount of drinking water, provided
there is presence of cracks or fissures in it.
Forms of underground sources
Following are the four forms in which underground sources are found
 Infiltration galleries
 Infiltration wells
 Springs
 Wells
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Sources of water
Infiltration galleries
 An infiltration gallery is a horizontal or nearly horizontal tunnel which is
constructed through water bearing strata. It is sometimes referred to as
horizontal well
 The gallery is usually constructed of brick walls with slab roof as shown in the
figure. The gallery obtains its water from water bearing strata by various
porous drain pipes. These pipes are covered with gravel, pebble, etc. so as to
prevent the entry of very fine material into the pipe.
 The gallery is laid at a slope and the water collected in the gallery is led to a
sump from where it is pumped and supplied to consumers after proper
treatment. The manholes are provided along the infiltration gallery for the
purposes of cleaning and inspection.

56

Infiltration Galleries-Cont..
 The infiltration galleries are useful as sources of water supply when ground
water is available in sufficient quantity just below ground level or so. The
galleries are usually constructed at depth of about 5 to 10 metres from the
ground level.
 The infiltration galleries are useful as sources of water supply when ground
water is available in sufficient quantity just below ground level or so. The
galleries are usually constructed at depth of about 5 to 10 metres from the
ground level.

Infiltration wells
In order to collect large quantities of water, infiltration wells are sunk in series
in the banks of river. The wells are closed at top and open at bottom. They are
constructed of brick masonry with open joints as shown in figure.
 For the purpose of inspection of well, manholes are provided in the top
cover. The water infiltrates through the bottom of such wells and as it has to
pass through a sand bed, it gets purified to some extent.
 The infiltration wells in turn are connected by porous pipes to a collecting
sump, known as jack well as shown in figure and the water thus collected
through the infiltration wells then flows by gravity into the jack well. The
water from jack well is pumped to purification plant for treatment.
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Infiltration wells
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Sources of Water
Springs
When ground water appears at the surface for any reason, springs are
formed. They serve as source of water supply for small towns, especially
near hills or bases of hills. Some springs discharge hot water due to
presence of sulphur and other minerals in their formations. These hot
springs cannot be used to supply water for domestic purposes. But hot
water is found to cure some of the human disorders.
A good spring proves to be a sure source of water. But it is difficult to find a
good spring for the purpose of water supply scheme. However, when a
spring is to be developed as a source of water supply, the following factors
should be carefully ascertained:
It should be easier, cheaper and surer enough to develop the spring for the
locality than to adopt any other source of water supply.
The flow of water should be adequate, even in dry weather
The spring should be adequately protected from the water pollution sources
The spring should be so located as to have natural gravity flow
The water should be of good quality
Following are the three types of springs
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Types of Springs

Artesian
Springs

Springs
Gravity
Springs

Surface
Springs
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Artesian springs
 In this type of spring, the ground water comes to the surface under pressure as
shown in the figure
 The artesian spring may also be formed due to presence of fissure or crack in

impervious layer as shown in the figure.
 The fissure or crack should be continued up to the ground surface. The
artesian springs give practically uniform quantity of water throughout the year.
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Gravity springs
 This type of spring develops due to overflowing of the water table as shown in
the figure.
 The flow from a gravity spring is variable with the rise or fall of water table. In
order to meet with such fluctuations, a trench may be constructed near such a
spring as shown in the figure.
 The trench acts as a storage reservoir.
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Surface springs
This type of spring is formed when subsoil water is exposed to the ground
surface by the obstruction of an impervious layer as shown in the figure.
The quantity of water available from surface springs is quite uncertain and
cut-off walls, as shown in the figure, may be constructed to develop such
springs.
It is found that the quality of spring water depends on geological and
topographical conditions and it may be hard or soft, pure or polluted or
sometimes saline, etc. Similarly, the yield from springs is mostly inadequate,
except for small supplies. The spring water which is not disturbed by rainfall
is usually attractive in appearance and of good palatability.
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Wells

 A well is defined as an artificial hole or pit made in the







ground for the purpose of tapping water. The holes made
for tapping oil are also known as wells. But in the general
sense, a well indicates a source of water. In India, the chief
source of water supply for most of its population is wells
and it is estimated that 75 to 85% of Indian population has
to depend on wells for its water supply.
The three factors which form the basis of theory of wells
are as follows:
Geological conditions of earth’s surface,
Porosity of various layers and
Quantity of water which is absorbed and stored in different
layers.
A well is defined as an artificial hole or pit made in the
ground for the purpose of tapping water. In India 75 to 85%
of Indian population has to depend on wells for its water
supply.
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Wells
Shallow Wells-resting
on the water bearing
strata and gets their
supplies from the
surrounding materials

Deep Wells-resting on
the impervious layer
known as mota layer
and gets their supplies
from the pervious
strata by the hole
driven on it
Tube Wells

Wells
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Wells- Cont..
 Shallow wells are constructed in the

uppermost layer of the earth’s surface.
 The diameter of well varies from 2 to 6 m and a maximum depth of 7m.
Shallow wells may be lined or unlined from inside. Fig. 3.9 shows a
shallow well with lining (staining). These wells are also called draw
wells or gravity wells or open wells or drag wells or percolation wells.
 Quantity of water available from shallow wells is limited as their source
of supply is uppermost layer of earth only and sometimes may even dry
up in summer. Hence they are not suitable for public water supply
schemes. The quantity of water obtained from shallow wells is better
than the river water but requires purification. The shallow wells should
be constructed away from septic tanks, soak pits etc because of the
contamination of effluent.
The shallow wells are used as the source of
water supply for small villages, undeveloped
municipal towns, isolated buildings etc because
of limited supply and bad quality of water.
 Deep Wells
66

Sources-Selection of a particular Source of Water

 Quantity of available water
 Quality of available water
 Distance of the source of supply
 General topography of the intervening area

 Elevation of the source of supply
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. Advantages and disadvantages of using groundwater as a water source

Advantages
Likely to be free of pathogenic
bacteria
Usually free of turbidity and
colour

Disadvantages
Often has a high mineral content (i.e. has naturally
occurring substances that are not from living
organisms) such as calcium, magnesium, iron and
manganese
Usually requires pumping for extraction

Can usually be used without
further treatment

May have a high level of bicarbonate, carbonate and
chloride

Can often be found in close
vicinity to consumers

Poor in oxygen content

Economical to obtain and
distribute

Can contain chemical contaminants such as arsenic,
fluorides and nitrates

The water-bearing soil or rock
provides a natural storage point

If it gets polluted, treatment can be difficult to
achieve
68

UNIT-1

Characteristics of water
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Characteristics of water
 .
Physical

Characteristics

Biological

Chemical
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Characteristics of water

Physical

•
•
•
•
•

Chemical

•
•
•
•
•
•
•
•

Turbidity
Colour
Taste &Odour
Temperature
Electrical Conductivity

Total solids
pH
Hardness
Chlorides
Nitrogen Content
Metal & other Trace Elements
Dissolved Gases
BOD
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Physical Characteristics of water
Turbidity
Sources: Turbidity in water is given by various materials
like suspended solid, dissolved materials and microbial
loads. In general turbidity increases with increases in
quantity of these materials in water. However different
materials differ in their light absorption capacity.
Measurement of Turbidity:
i. Turbidity rod
ii. Turbidity meter

Jacksons candle

Nephelometric
72

Baylis

Turbidity meter

Impact:
 It is not objectionable from the health point of view
but aesthetically and psychologically people won’t like
to drink turbid water.
 Permissible Limit: 5 to 10 NTU
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Colour
 Pure water is colourless. Therefore any types of colour appearance in

water indicate water pollution.

 Sources: Natural water system is often coloured by foreign material. If

colour is due to suspended material, it is called as apparent colour.
Colour given by dissolved material that remains even after removal of
suspended material is called true colour or real colour.

 Effect: The presence of colour in water is not objectionable from health

point of view, but may spoil the colour of the clothes being washed.
The standard unit of colour is that which is produced by one milligram
of platinum cobalt dissolved in one litre of distilled water.

 For public supplies, the colour number on cobalt scale should not

exceed 20 and should be preferably less than 10.

 Measurement: Colour determined by an instrument is known

as tintometer.
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Taste and Odour

 Pure water is always tasteless and odourless. Therefore if any types of taste and
odour are present, it indicates water pollution.
 Water taste and odour may develop due to natural or artificial regions.

 Artificial region for taste and odour in water is due to disinfection process
(chlorination). Some natural impurities dissolved in water can also give taste and
odour.
 Inorganic salts such as NaCl, KCl, etc. dissolve in water give taste whereas
compounds like H2S can give both taste and odour.

 Compounds giving taste and odour to water may be toxic to consumer, so drinking
water should be taste less and odour less.
 The extent of taste or odour present in a particular sample of water is measured by
a term called odour intensity, which is related with the threshold
odour or threshold odour number.
 Water to be tested is therefore gradually diluted with odour free water, and the

mixture at which the detection of odour by human observation is just lost, is
determined. The number of times the sample is diluted represents the threshold
odour number.

 For public supplies, the water should generally free from odour, i.e. the threshold
number should be 1 and should never exceed 3.
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Physical Characteristics of water
4. Temperature of Water
Temperature is not directly used to evaluate whether water is potable (drinkable) or
not.
In natural water system like lake and river, temperature is very important physical
factor that determines water quality. If temperature increases, solubility of Oxygen
in water decreases.
Furthermore rise in temperature increases the growth rate of aquatic
microorganism, so they consume dissolved O2 faster and level of dissolved O2
decreases.

Similarly, temperature affects disinfection process because efficiency of disinfection
is lower at lower temperature. For potable water, temperature of about about 10⸰ C is
desirable. It should not be more than 25⸰C.
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Physical Characteristics of water

Specific Conductivity
 Conductivity of water is mainly due to presence of
ionisable inorganic compounds.
 Pure water has very low conductance, 1µmhos for

distilled water. Therefore conductivity measurement
indicates amount of ionisable inorganic compounds in
water.

 The total amount of dissolved salts present in water

can be easily estimated by measuring the specific
conductivity of water.
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Suspended

Dissolved

Volatile

Volatile

Nonvolatile

Nonvolatile
78

Total solids
Total Solids
evaporating a
known volume of
sample of water
and weighing the
dry residue left

Suspended Solids

Dissolved Solids

filtering the
known volume of
sample and
weigh the dry
residue left over
the filter paper

• Weigh the the
known volume of
sample passed
through the filter
paper and weigh the
dry residue
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pH
Negative logarithm of hydrogen ion concentration
pH< 7 – acidic
pH>7 - alkaline
pH = 7 – neutral
Permissible limit -6.5 to 8
Measurement- i) by Potentio meter
ii)by indicators
Indicator

pH range of
indicator dye

Original color

Final color
produced

Methyl orange

2.8 – 4.4

Red

Yellow

Methyl red

4.4 – 6.2

Red

Yellow

Phenol red

6.8 – 8.4

Yellow

Red

Phenolphthale
in

8.6 – 10.3

Yellow

Red
80

Hardness

Temporary

Permanent
Causes- due to
Carbonates &
Bicarbonates

Causes- Chlorides,
Sulphates and Nitrates
of Calcium and
Magnesium

Removal Methods
Removal Methods
By boiling
By loading lime

Lime soda Process
Base exchange or Zeolite
Process
Demineralisation
Process
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Hardness
Measurement- EDTA method
Permissible limit- 75 to 115 ppm
Effects of Hardness
 greater soap consumption
 scaling of boilers,

 causing corrosion and incrustation of pipes,
 making food tasteless
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Chloride
Causes: Chlorides may get into surface water from several
sources including:
 1) rocks containing chlorides;
 2) agricultural runoff;

 3) wastewater from industries;
 4) oil well wastes;
 5) effluent wastewater from wastewater treatment

plants, and;

 6) road salting.
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Cont..
Permissible limit- 250 to 600mg/l
Measurement- Mohr’s method
 Burette solution- Silver Nitrate(0.0413N)
 Indicator- Potassium di- chromate

 End point- brick red colour

Removal method- Desalination
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Nitrogen
Free
Ammonia0.15mg/l

Nitrate45mg/l

Nitrogen

Albuminoid
Nitrogen0.3mg/l

Nitrite-nil
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Chemical Characteristics
 Metal and other chemical substances in water:
 Iron – 0.3ppm, excess of these cause discolouration of

clothes.

 Manganese – 0.05ppm
 Copper – 1.3ppm
 Sulphate – 250 ppm

 Fluoride – 1.5 ppm, excess of this effects human lungs and

other respiratory organs.

 Fluoride concentration of less than 0.8 – 1.0 ppm cause

dental cavity (tooth decay). If fluoride concentration is
greater than 1.5ppm, causing spotting and discolouration of
teeth (a disease called fluorosis).
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Cont..
 Dissolved gases
 Oxygen gas is generally absorbed by water from the atmosphere but









it being consumed by unstable organic matter for their oxidation.
Hence, if the oxygen present in water is found o be less than its
saturation level, it indicates presence of organic matter and
consequently making the waters suspicious.
Biological Oxygen Demand (BOD):
The extent of organic matter present in water sample can be
estimated by supplying oxygen to this sample and finding the oxygen
consumed by the organic matter present in water. This oxygen
demand is known as Biological oxygen demand (BOD).
It is not practically possible to determine ultimate oxygen demand.
Hence, BOD of water during the first five days at C is generally
taken as the standard demand.
= Loss of oxygen in mg/l x dilution factor.
The BOD of safe drinking water must be nil.
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S.No.

Drinking water
IS 10500 : 2012
Parameters
Permissible Limit

Maximum Limit

1

Odor

Agreeable

Agreeable

2

Taste

Agreeable

Agreeable

pH

6.5 to 8.5

No relaxation

4

TDS (mg/l)

500

2000

5

Hardness (as CaCO3) (mg/l)

200

600

6

Alkalinity (as CaCO3) (mg/l)

200

600

Nitrate (mg/l)

45

No relaxation

8

Sulfate (mg/l)

200

400

9

Fluoride (mg/l)

1

1.5

10

Chloride (mg/l)

250

1000

3

7

11

Turbidity (NTU)

5

10

12

Arsenic (mg/l)

0.01

0.05

13

Copper (mg/l)

0.05

1.5

Cadmium (mg/l)

0.003

No relaxation

Chromium (mg/l)

0.05

No relaxation

Lead (mg/l)

0.01

No relaxation

Iron (mg/l)

0.3

No relaxation

14

15

16

17

18

Zinc (mg/l)

5

15

19

Fecal Coliform (cfu)

0

0

20

E. Coli (cfu)

0

0
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Biological CharacteristicsMicro organisms

Aerobic
Worms

Fungai

Anaerobic
Facultative

Bacteria

Viruses

Protozoa

Algae

Faecal
Coliforms
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Water Quality Index
 Water Quality Index (WQI) is a single number which

can be calculated easily and used for overall
description of the quality of water bodies. ... WQI
gathers a large number of water quality parameters
and expresses the water quality in a comprehensible
manner such as “very good”, “good”, “poor”, etc. (or)

 WQI: It may be defined as a rating, reflecting the

composite influence of different water quality
parameters on the overall quality of water.

 The main objective of computing of water quality

index (WQI) is to turn the complex water quality data
into information which is easily understandable and
usable.
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Water Quality Index
WQI range and water type:
S.No

WQI

Description of water

1

< 50

Excellent water

2

50 - 100

Good water

3

100- 200

Poor water

4

200 – 300

Very poor water

5

> 300

Water unsuitable for drinking
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Pumps

PUMPS
The hydraulic machine which converts
the mechanical energy into Hydraulic energy is
called Pumps. The hydraulic energy is in the form
of pressure energy.
Necessity of Pumps
 Many kinds of pumps are used in distribution
systems.


Pumps that lift surface water and move it to a
nearby treatment plant are called low-lift
pumps.



These move large volumes of water at relatively
low discharge pressures.

PUMPS


Pumps that discharge treated water into arterial
mains are called high-lift pumps. These operate
under higher pressures.



Pumps that increase the pressure within the
distribution system or raise water into an
elevated storage tank are called booster pumps.



Well pumps lift water from underground and
discharge it directly into a distribution system.

TYPES OF PUMPS
RotoDynamic
Pump

Displacement
Pump

Hydraulic
Ram

Pumps

Jet
Pumps

Air Lift
Pumps

TYPES OF PUMPS

Roto Dynamic
Pump

Centrifugal
Pumps

Axial Flow
Pumps

Displacement
Pumps

Reciprocating
Pumps

Rotary cams
or Rotary
Gears

CENTRIFUGAL PUMPS
If the mechanical energy is converted into pressure
energy by means of a centrifugal force acting on the
fluid, the hydraulic machine is called a Centrifugal
pump.

The roto-dynamic pumps has a wheel or a rotating
element which rotates the water inside the casing
thereby giving energy to the water.

A rapidly rotating impeller adds energy to the water
and raises the pressure inside the pump casing. The
flow rate through a centrifugal pump depends on the
pressure against which it operates.

The higher the pressure, the lower the flow or
discharge.

COMPONENT PARTS OF CENTRIFUGAL PUMP

Shaft

Delivery
Pipe

Suction
Pipe

Impeller

Casing

COMPONENT PARTS OF CENTRIFUGAL PUMP

Shaft


It is a central part of the pump which is rotating
with the impeller is connected.



The shaft coupled to the prime mover to get the
power.



The shaft fits with the ball bearing.

Impeller
 It is consist of a series of backward curved
vanes.
 It is mounted to the shaft of an electric motor.
 An impeller is a rotating part of the centrifugal
pump.
 It enclosed in a watertight casing.

COMPONENT PARTS
Casing
 It

is an airtight passage surrounding the
impeller.

 It

is designed in such a way that the
kinetic energy of the water discharged at
the outlet is converted into pressure
energy before the water leaves the
casing and enters the delivery pipe.

 The

casing works as a cover to protect
the system.

COMPONENT PARTS
Suction pipe with a foot valve and Strainer
 The suction pipe has two ends. One end is
connected to the inlet of the pump and the other
dips into the water in a sump.


A foot valve fits at the lower end of the suction
pipe. The foot valve is the one-way type of valve
which only opens in an upward direction.



A strainer is also fitted at the end of the suction
pipe to prevent the entry of foreign bodies into
the suction pipe

COMPONENT PARTS
Delivery pipe
A

pipe whose one end is connected
to the outlet of the pump and other
ends delivers the water at
required height is known as
a Delivery pipe.
Types of Casings
 Volute casing.
 Vortex casing.
 Casing with guide blades.

APPLICATION















Used in buildings for pumping the general water
supply, as a booster and for domestic water supplies.
For pumping sewage and slurries.
Used in fire protection systems and for heating and
cooling applications.
Beverage industry: Used to transfer juice, bottled
water, etc.
Dairy industry: Used to transfer dairy products such
as milk, buttermilk, flavored milk, etc.
Various industries (Manufacturing, Industrial,
Chemicals, Pharmaceutical, Food
Production, Aerospace, etc.) – for the purposes of
cryogenics and refrigerants.
Oil Energy – pumping crude oil, slurry, mud; used by
refineries, power generation plants.

ADVANTAGES
 The

biggest advantage of centrifugal
pumps is their simplicity.
 They are suitable for large discharge and
smaller heads.
 They don’t require any valves or many
moving parts.
 This pump allows them to run at high
speeds with minimal maintenance.
 Their output is very steady and
consistent.
 Centrifugal pumps provide a lot of
flexibility, are easy to move, and don’t
take up a lot of space.

CENTRIFUGAL PUMP
Disadvantages


They use rotation instead of suction to move water
and therefore have almost no suction power.



This means that a centrifugal pump must be put
underwater, or primed before it will move water.

Priming


Priming can be defined as the process in which the
suction pipe, casing, delivery pipe up to the delivery
valve, which is filled completely with liquid to be

raised from an outside source before starting the
motor.

PRIMING CONT..
 The

main reason for priming in the pump

is to remove the air from the pump.
 If

air is not removed from the pump then

a small negative pressure is created at
the suction pipe and it cannot suck the
water from the water sump or reservoir.
So it is advised to fill the pump with

water before starting it.

RECIPROCATING PUMPS


It is a hydraulic machine that converts mechanical
energy into hydraulic energy.



This is a positive displacement pump. Here a certain
volume of liquid is collected in the enclosed volume
and is discharged using pressure to the required
application.



Water hand pumps are manually operated pumps.



They are used for bringing water from earth
underground to earth surface.



There are several types of water hand pumps.



Most commonly used hand pumps are positive
displacement pumps,

COMPONENT PARTS OF RECIPROCATING PUMPS

Piston

Rising Main

Spout

Components

Foot
Valve

Suction Lift

Handle

Piston
Valve

Pump Rod

PRINCIPLE OF HAND PUMP


The simplest type of a reciprocating pump is used
in Indian villages & towns.



In such a pump, a piston or a plunger reciprocates
in a closed vertical cylinder.



Below the piston ,thereby opening the check valve
at the base ,thus withdrawing water into the
space below the piston.



Simultaneously the water above the piston forced
out of the spout.



On the down stroke the check valve is closed &
piston valve opened.Thus permitted water is
entered into the cylinder.

DIFFERENCE BETWEEN CENTRIFUGAL
PUMP AND RECIPROCATING PUMP

Sl.No

Parameter

Centrifugal Pump

Reciprocating Pump

1.

Construction

This is simple in
construction.

This is complicated in
construction.

2.

Head or Pressure
application

work at low or medium
pressure head.

work at the Highpressure head.

3.

Discharge

Discharge is High.

Discharge is low.

4.

Requires relief valve

Not required relief
valve.

Requires a relief valve.

5.

Smooth or Pulsating
flow

This is having a smooth
flow.

Here, This is having a
pulsating flow.

6.

Delivery

Variable

Constant delivery.

7.

Self-priming

There is no any self-priming.

There is selfpriming

8.

Space considerations

It requires less space

It requires more
space.

9.

Cost

The initial cost is low.

The initial cost is
higher.

10.

Power consumptions

Power consumption is high.

power consumption
is low.

11.

Maintenance

It requires lower maintenance.

It requires higher
maintenance.

Air vessel

Not required

Air vessel required
in the reciprocating
pump.

Fluid handling

Suitable for a wide range
including clean, clear,
abrasive fluids, dirty water,
and oil.

Suitable for clean,
clear and nonabrasive fluids.

12.

13.

AIR LIFT PUMPS
 Air

lift pumps are generally used for
pumping water from deep wells for lifts
about 60-80m.
 In this pipe the compression air is
forced into the well through a small air
pipe and is released through a diffuser
into the eduction pipe at the bottom of
the well.
 The air rises in the form of small
bubbles in the eduction pipe, thus
forming a mixture of air and water.
 Hence is forced upward by hydrostatic
pressure; finally water comes out
through the outlet at the top.

AIR LIFT PUMPS
 Separator

is often placed at the outlet ,
so as to remove air from water

 These

pumps are used for high lifts up to
about 150m.but their efficiency is
generally low.

 The

effectiveness of air lift pump is
generally measured by a factor called
percentage Submergence
% of submergence =

𝐃𝐞𝐩𝐭𝐡 𝐨𝐟 𝐬𝐮𝐛𝐦𝐞𝐫𝐠𝐞𝐧𝐜𝐞
𝐃𝐞𝐩𝐭𝐡 𝐨𝐟 𝐬𝐮𝐛𝐦𝐞𝐫𝐠𝐞𝐧𝐜𝐞+𝐞𝐟𝐟𝐞𝐜𝐭𝐢𝐯𝐞 𝐥𝐢𝐟𝐭 𝐨𝐟 𝐩𝐮𝐦𝐩𝐬

x100

AIR LIFT PUMPS
Advantages of Air Lift Pump
 The air lift pump does not have any moving parts
below the water level and hence there are no
chances of suspended solid particles damaging
the pump.
 This pump can raise water through a borehole of
a given diameter than any other pump.
 Less maintenance is required.
 This pump can handle sand, mud and gritty
water too.
 The pump is very suitable when decompressed
air is available.

AIR LIFT PUMPS


In spite of low efficiency the air lift pump can deliver
large amounts of water from small diameter wells.



Air lift pumps are generally cheaper , reliable and
simple in operation.



The yield of a well, using such a pump , can be
increased by using more amount of compressed air.

Disadvantages


Their efficiency is generally low.



An air lift pump is generally not adopted for raising
water much above the ground level.



Air lift pumps are less flexible in fulfilling variable
demands.


.

JET PUMPS
 Jet

pumps are commonly used for
pumping water from small wells.
 They are portable and sometimes used in
construction works for dewatering
trenches.
 Compressed air or steam or water is made
to enter the pipe which is nozzle at its
discharging end, thus forcing out through
nozzle.
 Then jet of compressed air comes through
the nozzle at a high velocity and enters
into the throat of another pipe.

JET PUMPS
The high velocity jet creates a suction which
draws the water up the pipe and finally
discharged through discharging end.
 The efficiency of a pump is low, of order of 25%
or so. However, they are compact and light in
weight, thus making them portable and easy to
handle. They can also handle sediment waters
without much troubles.
Disadvantages
 Initial cost is high
 Not durable, they require frequent replacement
of their cams and gears
 Efficiency is less.


JET PUMPS
Advantages
 No

moving parts or mechanical parts
that wear.
 Long run life. Providing that erosion is
not a major problem, then a working life
of at least four years is not
unreasonable.
 Capable of high production rates.
 Adjustable to varying production rates
by adjusting the power fluid injection
rate.
 Low maintenance costs and are easily
and quickly retrieved and replaced when
maintenance is required.

JET PUMPS- ADVANTAGES
 The

ability to operate for extended
periods of time without the need for
intervention.

 Can

be used in wells with high deviation
angles without causing damage to the
tubing.

 Suitable

 Multiple

for remote operations.

jet pumped wells can be
powered by a central surface pump
package.

HYDRAULIC RAM
 The

hydraulic ram is a pump which
raises water without any external power
for its operation.

 One

essential requirement for the
satisfactory operation of a hydraulic ram
is the availability of a large quantity of
water with a small positive head or
height.

 This

large quantity of water at a small
height is sufficient to lift small quantity
of water to a greater height. It works on
the principle of “Water Hammer.”

HYDRAULIC RAM
 The

system has a chamber with two flap
valves and an air vessel.
 This chamber is connected to the water
supply from a supply tank or a water
reservoir at a small height. The supply
tank and the pumping chamber are
separated by a valve which controls the
flow of water.
Working
 When the inlet valve fitted on the supply
line is opened, water starts flowing from
the supply tank to the pumping chamber.
 The chamber has two valves, “B” and “C.”

HYDRAULIC RAM- WORKING
 Valve

“B” is the waste valve and “C” is
called the delivery valve.
 The valve “C” is fitted to an air vessel.
 As water is flowing from the supply tank,
the chamber gets filled up and valve “B”
starts to move upwards.
 A moment comes, when the valve “B”
suddenly closes.
 This sudden increase in pressure opens
“C” which is the delivery valve.
 Thus the water from the chamber enters
the air vessel and compresses the air
inside the vessel.

HYDRAULIC RAM- WORKING
 The

compressed air exerts a force on
water which is inside the air vessel.

 Thus

a small quantity of water is raised
to a greater height.

 As

the water in the chamber looses
momentum, the waste valve “B”
gradually opens in downward direction
and flow of water from the supply tank
starts flowing to the chamber and the
cycle will be repeated.

HYDRAULIC RAM-ADVANTAGES


No moving parts.



No power requirements.



Inexpensive.



Quiet pumping continuously over a long period.



Pollution free or “Green” pump.



Simple construction and easy to install.



Initial cost and very low or negligible
maintenance cost.

HYDRAULIC RAM-DISADVANTAGES


It can pump only one tenth of the received water

volume remaining being wasted through waste
valve.


It must have a continuous source of supply at a
minimum height of not less than 3 feet or 91 cm.



It cannot pump viscous fluids to a greater

height.


Usually used for pumping drinking water or
potable water.

FACTORS INFLUENCING THE SELECTION OF PUMPS
1. Capacity
It should be capable of pumping required
quantity of water.
2. Reliability
It should be reliable and should not fail suddenly
and cause trouble.
3. Cost
It should be cheap in initial cost.
4. Power
The power which is used for running pumps
should be available easily at low cost.
5. Maintenance
The maintenance cost of running pumps should
be as small as possible.

CONT..
6. Efficiency
Pump should have high efficiency.

7. Depreciation
It should have long life and depreciation cost
should be small.
8. Cost of labour
It should be low.
9. Number of pumping Units required.
10. Total lift of the water required.
11. Quality of water to be pumped

PUMPS
Capacity of Pumps

Work done by the pump,
H.P. =

𝛒𝐠𝐐𝐇
𝟕𝟓

where
𝛒𝐠= specific weight of water kg/m3
Q= discharge of pump, m3/s
H= total head against which pump has to
work.
H= Hs + Hd + Hf + (losses due to exit,
entrance, bends, valves, and so on)

CONT..
where,
Hs=suction head,
Hd = delivery head
Hf = friction loss.
Efficiency of pump (E) =

𝛒𝐠𝐐𝐇
𝐁𝐇𝐏

Total brake horse power required
=

𝛒𝐠𝐐𝐇
𝐄
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Water supply – intake structures – Functions; Pipes and
conduits for water – Pipe materials – Hydraulics of flow
in pipes – Transmission main design – Laying, jointing
and testing of pipes – appurtenances – Types and
capacity of pumps – Selection of pumps and pipe
materials.

Intake Structures

Definition:

The basic function of the intake structure is to
help in safely withdrawing water from the source
over predetermined pool levels and then to
discharge this water into the withdrawal conduit
(normally called intake conduit), through which it
flows up to water treatment plant.

Factors Governing the Location of Intake


The location of intake structure should be nearer to the

treatment

plant,

in

order

to

reduce

the

cost

of

conveyance water.


The location of the intake should be selected in a place,

where there is the less impurities presence.


The intake should be selected at a place from where the
water can be taken during driest season of the year
also.



The intake location should have the possibility for future
expansion and addition without much increase in cost.



The intake should not be located at the downstream of
the disposal point of sewage.



It should be located in such a way that, it should not
be affected by heavy flood and the flood should not
enter through the intake.



The intake should not be located near the navigation
channels such as Harbour etc.



It should not be interference with river traffic if any

Design Considerations
S.No

Criteria

Design Considerations

1

Factorof safety

Against all external forces (Forces by floating
materials, pressure, heavy currents etc)

2

Self-weight

To withstand water pressure

3

Safety

If located near the navigation channels

4

Sub structure

Foundation design against water pressure

5

Size

Considerable (Suitable with future expansions)

Type of intake structures
 Simple submerged Intake
 Intake Towers
Wet Intake Towers
Dry Intake Towers
 River Intake
Single well river intakes
Twin well river intakes
 Canal Intakes
 Intakes for sluice way of Dams

•

A submerged intake structures consists of
simple concrete block or a rock filled timber
crib supporting the starting end of the
withdrawal pipe.

•

The withdrawal pipes are generally taken up
to the sump well at shore from where the
water is lifted by pumps.

•

The intake opening is generally covered by
screen so as to prevent the entry of debris,
ice etc., into the withdrawal pipe.

In case of lakes where silt tends to settle
down, the intake opening is generally kept
about 2 to 2.5 m above the bottom of the lake
and thus to avoid the entry of silt and
sediment.
Such intake structures should be placed in
streams or intakes at a place where they may
not get buried under sediment and where there
is deep water.
These are widely used intakes for small water
supply projects drawing water from streams
and lakes having relatively little change in
water surface elevation throughout the year.

Advantages:
These intakes are cheap in construction,
therefore are widely used for small water
supply schemes which collect their water
from streams or lakes with little change in
water surface throughout the year.
Demerits:
As these intakes draw small quantity of
water, these are not used on big water
supply schemes or on rivers or reservoirs.
The main reason being that they are not
easily approachable for maintenance work.

They are widely used on large water supply projects
drawing water from rivers or reservoirs having large
change in water level.

Gate controlled openings called Ports are provided
at various levels in these concrete towers to
regulate the flow and permit some selection of the
quality of water to be withdrawn.
If the entry ports are submerged at all levels, there
is no problem of any clogging or damage by debris
etc.

Accesses to these towers are generally provided for
operating the gates, etc., by means of a foot bridge
from the tower up to the dam or up to the shore.

Intake
Towers

Wet Intakes

Dry Intakes

Wet intake Towers
• It consists of a concrete circular shell
filled with water up to the reservoir level.
• Openings are made in to the outer
concrete shell as well as, in to the inside
shaft.
• Gates are usually placed on the shaft, so
as to control the flow of water in to the
shaft and the withdrawal conduit.
• The water coming out of the withdrawal
pipe may be taken to pump house for lift (if
treatment plant is at high elevation) or may
be directly taken to treatment plant (at
lower elevation).

• The water is directly drawn in to the
withdrawal conduit through the gated entry
ports.
• It has no water inside the tower if its gates
are closed.
• When the entry ports are closed, a dry intake
tower will be subjected to additional buoyant
forces.
• Hence it must be of heavier construction than
wet intake tower.
• They are useful since water can be
withdrawn from any selected level of the
reservoir by opening the port at that level.

They are generally constructed for
withdrawing water from almost all rivers.
They are constructed on almost all types
of rivers, where the river water hugs the
river bank.
Types of River intakes
Twin well type
Single well type
Components:
An inlet well
An inlet pipe (intake pipe)
A jack well



Inlet well is usually circular in c/s, made of
masonry or concrete.



Inlet pipe connects inlet well with jack
well. It has a min dia of 45cm, laid at slope
of 1 in 200. Flow velocity through
it<1.2m/s.



Water entering jack well is lifted by pumps
& fed into the rising main.



Jack well should be founded on hard strata
having B.C> 450 KN/m2.

• No inlet well & inlet pipe in this type of
river intake.
• Opening or ports fitted with bar screens
are provided in the jack well itself.
• The silt entering the jack well will partly
settle down in the bottom silt zone of
jack well or may be lifted up with the
pumped water since pumps can easily
lift sediment water.

• The jack well can be periodically
cleaned manually, by stopping the water
entry in to the well.

In canal intake structure, the intake well is
generally located in the bank of the canal
and water enters the chamber through the
inlet pipe.

The inlet pipe is covered with a fine screen.
The top of the screen is generally provided
at minimum water level in the canal and
bottom is about 0.15 m above the canal bed
to avoid entry of bed load.
The inlet end is of bell mouth shape with
perforation of fine screen on its surface.

•

The flow velocity through the out let
is generally 1.5 m/sec, and this
helps in determining the area and
diameter at the withdrawal pipe.

•

The area of the coarse screen is
designed by limiting the flow
velocity to as low as 0.15m/sec.

•

The flow velocity through the bell
mouth is limited to about 0.3 m/sec.





When the flow in the river is not guaranteed
throughout the year, a dam is constructed
across the river to store the water in the
reservoir so formed.



Reservoir Intakes essentially consists of an
Intake tower constructed on the slope of Dam
at such a place where Intake can draw water
in sufficient quantity even in the driest
period.



Intake pipes are fixed at different levels, so
as to draw water near the surface in all
variations of water levels.



Screens are provided at the mouth of
all intake pipes to prevent the entrance
of floating and suspended matter in
them.



The water which enters the vertical
pipe is taken to the other side of the
dam by means of an outlet pipe.



At the top of the intake tower sluice
valves are provided to control the flow
of water.



The valve tower is connected to the top
of the dam by means of a foot bridge
gang-way for reaching it.



In the case of earthen dams intake
towers are separately constructed but
in R.C.C. of masonry dams it is
constructed inside the dam itself and
only ports or intake-pipe are provided at
various levels.

Water Supply Engineering
Unit-II
Transmission of Water
R.Sumathi
Assistant Professor(S-II)
Civil & SE

Pipes and conduits for water

Pipes and conduits for water
The term conveyance or
transportation means to collect
water from source to treatment
plants and to consumers.
Gravity Pipes

If the source is at higher level than
the treatment plant, the water can
flow under gravity,
automatically. Similarly after
necessary purification of water, it
has to be conveyed to the
consumers.

Pipes
 Pipe is a circular closed conduit
used to convey water from one
point to another, under gravity or
under pressure.
 Usually pipes follow the profile of
the ground surface closely.
 If pipes do not run full, they are
called to flowing undergravity.But
flow under gravity is possible only
if the pipe is given a definite
longitudinal slope.
 Pipes running full will be said to be
running under pressure.

Pipes
Types of
Pipes

Gravity

Open
Channels

Flumes

Pressure

Aqeducts

Conduits

Open channels








Aqueducts In any water supply systems,
raw water from source to treatment
plants may be carried in open channels.
These can be effortlessly and cheaply
constructed by cutting in elevated
grounds and banking in low grounds.
Economical sections of open channels
are generally trapezoidal while
rectangular sections prove economical
when rock cutting is involved.
The channels are to be properly lined to
prevent seepage.

Open channels


Also these kind of channels need to be
taken along the gradient and therefore the
initial cost and maintenance cost may be
high.



While open channels are not recommended
for conveyance of treated water, they may
be adopted for conveying raw water.



If these kinds of channels are unlined, they
have to be run with limited velocity of flow
so that it does not cause scouring.

Open Channels

Flumes
• The flumes are open channels, but the
ground is supported by trestles etc.

• The use of flumes is to transport the
water across valleys and minor low
lying areas or over drains and other
obstructions.

Aqueducts
 Aqueducts are channels either
above ground, below ground or
on the ground that transport
water from a lake or stream into
a water treatment unit which
may be miles away.
 The average velocity will be in
the range between 1.0 to 1.5
m/sec.
 The term aqueduct is usually
restricted to closed conduits
made up of masonry.

Aqueducts
Aqueducts normaly run half to
two-third full at required capacity
of supply in most circumstances.
Types
 rectangular aqueducts
 circular aqueducts
 horse-shoe shaped aqueducts

Aqueducts

Pipe materials

Steel Pipes

Copper pipes

Cement
concrete
pipes

Cast-iron
Pipes

Asbestos
cement pipes

Galvanised
pipes

Plastic pipes

Wrought iron
pipes pipes

Lead Pipes

Cast Iron Pipe
• Cast Iron pipe is widely used for
city water distribution systems
because of its high resistance to
corrosion and consequent long life.

• Cast iron pipe is made from pig iron.
Such pipes are normally made from 5
cm to 120 cm in diameter.
• Under normal conditions, a cast iron
pipe can be expected to last 100
years.

Cast iron pipes
 The usual length of a pipe section is
3.6m, but lengths up to 6m can be
obtained.
 Cast iron pipe is made in several
thickness classes for various pressures
up to a maximum of 350 psi.
 Cast-iron pipes are usually dipped in
a bituminous compound for protection
against corrosion and to improve their
hydraulic qualities
 Larger sizes may be provided with a lining
of cement mortar.

Cast iron Pipes
Merits
• Cast iron pipes are of moderate cost.
• Their jointing is easier.
• They are resistant to corrosion.
• They have long life.
Demerits
 They are heavier and hence
uneconomical when their diameter is
more than 120 cm.
 They cannot be used for pressures
greater than 7 kg / cm2.
 They are fragile.

Cast iron Pipes
Methods of Joints
• Bell and Spigot Joint.
• Flanged Joint.
• Expansion Joint.

Wrought iron
 Wrought iron pipes are manufactured







by rolling flat plates of the wrought
iron to the proper diameter and
welding the edges.
Such pipes are much lighter than the
cast iron pipes and can be more easily
cut, threaded and worked.
They look much neater, but are much
costlier and less durable.
They corrode quickly not generally
used in water conveyance system and
hence are used principally for
installation within buildings.
Diameter- 12mm to 15cm

Wrought Iron Pipes

Methods of Joints
 Socket Joint
 Flanged Joint
 Welded Joint

Galvanized iron pipes
 G.I pipes are made of mild steel
sheet which are usually
protected by coating them with
a thin film of molten zinc.
 They are fragile.
 These pipes are light-weighted
and cheap. Acidic and alkaline
waters affect these pipes badly.
 Diameter- 12mm to 15cm
Length- 6 meters
 Life- 10 years

Steel pipes
Steel pipes of small diameter can be
made from the solid, but larger sizes
are made by riveting or welding
together the edges of suitablycurved plates, the sockets being
formed later in a press.
Merits
• The average age of such pipes is
from 25 years to 50 years.
• These pipes are light in weight.
• Such pipes can be bent easily.

Steel Pipes
Demerits
 Acidic water and alkaline water
can rust these pipes.
 Repair of this type of pipe is
difficult.
 Steel pipes cannot be easily made
to resist high external pressures
and they can also be pressed by
external pressure due to their less
wall thickness
Methods of Joints
 welded joint.
 Flanged Joint.

Cement concrete pipes


Cement concrete pipes may be either plain or
reinforced, and are best made by the spinning
process. They may be either precast, or may
be cast-in-situ.



The Pre-cast Concrete pipe is available in
sizes up to 1.8m diameter, and sizes up to
4.6m have been made on special order.



The plain cement concrete pipes are used for
heads up to 7 m while reinforced cement
concrete pipes are normally used for head
upto 60 m.



A concrete pipe should last at least 35 to 50
years under average conditions.

Cement concrete pipes -Advantages










They are more suitable to resist
the external loads and loads due to
backfilling.
The maintenance cost is low.
The inside surface of pipes can be
made smooth, thus reducing the
frictional losses.
The problem of corrosion is not
there.
Pipes can be cast at site and
hence the transportation problems
are reduced.
Due to their heavy weight, the
problem of floatation is not there
when they are empty.

Cement concrete pipes -Disadvantages


Unreinforced pipes are liable to
tensile cracks and they cannot
withstand high pressure.



The tendency of leakage is not
ruled out as a result of its porosity
and shrinkage cracks.



It is very difficult to repair them.



Precast pipes are very heavy, and
it is difficult to transport them.

Asbestos Cement Pipe
The asbestos pipe is made from
asbestos, silica, and cement converted
under pressure to a dense,
homogeneous material possessing
considerable strength.
Diameters - 10cm to100cm
length- 4m
Demerits
 The hydraulic efficiency of an
asbestos pipe is high.
 The pipe is easily damaged
by excavating tools and does not
have much strength in bending

Asbestos Cement Pipe-Merits
An asbestos-cement pipe is light
in weight and can be assembled
without skilled labour
 It is easily cut and can be
tapped and threaded for service
connections
 They are used to carry water
under low pressure.
 These pipes are soft from the
inside. That is why their
performance is better
 They are not rusted and are
cheap as well.


Plastic Pipe
• LDPE- Low Density Poly Ethylene
Pipes- Flexible
• Strong in resisting acids
• PVC- Poly Vinyl Chloride Pipes three
times as rigid as poly ethylene pipe.
Merits
 Freedom from damage due to thawing
& freezing.
 Pipes are very cheap
 Durable & Hydraulic resistant
 Free from corrosion
 Good electric insulator
 Light in weight easy to bend

Plastic Pipe-Demerits
• Co-efficient of expansion for
plastic is high
•

Difficult to obtain the plastic
pipes of uniform compositions

•

Less restraint to heat

•

Some type- impart to the taste
of water.

Copper Pipe








Copper pipes are made of small
diameter.
Since copper does not admit rust, so
these pipes are durable.
copper is costly, they are used in
limited places.
These types of pipes are generally
used to carry hot water or steam.
They do not bend or sag even at high
temperature.
Copper is a mild metal. Therefore,
copper pipes can be bent easily.

Hydraulics of flow in pipes


Water pressure pipes can be laid at
any depth below the hydraulic gradient
line, the velocity in the pressure pipes
directly depends on the pressure head
at the point of reference.



If the velocity of the water is kept very
low, large diameter pipe will be
required to carry the required quantity
of water from one place to another.



On the other hand if too high velocity
is allowed in the pipes, cost of
pumping will be too high to develop the
required pressure, as well as the cost
of pipe and its fittings will increase to
bear the extra pressure developed.

Hydraulics of flow in pipes
• To design the pressure pipes in such a
way, as the overall cost of the project
should be lowest possible, both from
constructional and maintenance point
of view.
• For economy, usually the pipe line
should hug the hydraulic gradient line
in profile and the straight line in plan.
• The hydraulic gradient line should
neither too high nor too low.
• Velocity should be self-cleaning i.e., no
silting should be allowed in the pipe
line.

Hydraulics of flow in pipes

• While designing the pressure
pipes acting as gravity main for
conveyance of water, the normal
velocity of water is kept
between 0.9 m/sec. to 1.5 m/sec.
for satisfactory results.
• The common practice is to
design the pressure pipes acting
as gravity mains such that the
available pressure head between
the source and the city is just
lost in overcoming the friction
losses.

Hydraulics of flow in pipes
Manning’s formula

Where, m = Manning’s rugosity coefficient
L = Length of the pipe line in metres
R = Hydraulic mean depth of pipe
V = Velocity of flow in m/sec
If d be the diameter of pipe, the value of R
will be.
R=

HL =
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Hydraulics of flow in pipes
Hazen-William’s formula:

Where,
CH
S
R
V

= Coefficient of hydraulic capacity
= Slope of the energy line
= Hydraulic mean depth of pipe
= Velocity of flow in m/sec.

The value of coefficient ‘CH‘ is more for
smoother pipe and less for rough pipe. As
with the age the inner surface of most of the
materials becomes more and more rough.
Therefore, the carrying capacity of the pipe
lines decrease with the age.

Hydraulics of flow in pipes
Darcy-Weisbach-Formula

Where,
HL = loss of head in m
L = Length of pipe in m
d = diameter of the pipe in m
v = mean velocity of flow through
the pipe in m/sec
g = acceleration due to gravity
f = friction factor, its value
generally varies from 0.02 to
0.075.

Hydraulics of flow in pipes

The approximate value of f can be
determined by the following empirical
formulae:

Solved Problems
Example 1
Water is to be supplied to a town of
population 1.5 lakh. If the water works is
situated at a lower elevation of 50 metres
than the water level in the source.
Determine the size of the gravity main to
convey the water from source to the water
work, if the length of the gravity main is 25
km, and the per capita demand of the town
is 150 litres/day/capita. Take value of f =
0.075.
Given Data
Population
= 1.5 lakh.
HL
= 50m
L
= 25Km
Per capita demand
= 150lpcd
F
= 0.075

Cont..

Solution

Cont..

Solved Problems-Example 2
Water is to be supplied to a town of 2 lakh
population from a source 1.5 km away. Per
capita demand of the town is 180
litres/day/capita. If the town is situated at a
higher level than the source and the difference
in elevation between the lowest water in the
source to the point of inlet at the water works
is 27 m. Determine the size of the rising main
and HP. of the pump. The value of the CH = 110
and the pump works for 18 hours.
Given Data
Population
= 2x105
Length
= 1.5Km = 1500m
Per capita demand
= 180lpcd
HL
=27m
= 110
CH
Pumping period
=18 hours

Cont..

Solution

Cont..

Cont..

Example 3
Determine the hydraulic gradient in a 90 cm
diameter old cast iron pipe carrying a
discharge of 0.75 cu m/sec by using (a)
Manning s formula, (b) Darcy Weisbach
formula and (c) by Hazen-William formula.
Assume suitably any data not given.
Given Data:
Diameter
= 90cm
Discharge
= 0.75m3/s

Cont..

Solution

Cont..

Laying, jointing and testing of pipes

Laying of pipes
•

•
•
•

•

Pipes are generally laid below the
ground level, but sometimes when they
pass in open areas, they may be laid
over the ground.
First of all detailed map showing all
roads, streets, lanes etc. is prepared.
On this map the proposed pipe line with
as sizes and length will be marked.
The position of existing pipe lines, curb
lines, sewer lines etc. will also be
marked on it.
In addition to this position of valves and
other pipe specials, stand posts etc. will
also be made so that, at the time of
laying there should be no difficulty in
this connection.

Laying of pipes

After the general planning the centre
line of the pipe line will be transferred
on the ground from the detailed plan.
 The centre line will be marked by
means of stakes driven at 30 m interval
on straight lines.
 On curves the stakes will be driven at 7
m to 15 m spacing. If the roads or
streets have curbs, the distance of
centre of pipe line from the curb will be
marked.
 When the centre line has been marked
on the ground the excavation for the
trenches will be started.


Laying of pipes

The width of the trench will be 30
cm to 45 cm more than the external
diameter of the pipe.
 At every joint the depth of
excavation will be 15-20 cm more
for one meter length for easy joining
of the pipes.
 The excavation of the trench is
done in such a way that only pipe
should be supported and its joint
portion should remain over-hanging.
 The pipe line should be laid more
than 90 cm below the ground so
that pipe may not break due to
impact of heavy traffic moving over
the road or ground.


Laying of pipes

• The excavation is to be done in

soft soils, the sides of the
trenches should be protected by
means of timber planks, so that it
may not fall or collapse.

• After the excavation of trenches the

•

pipes are lowered in it. The pipes are
stacked on the opposite side fixed on
derricks, but lighter pipes are
lowered manually.
The pipe laying should be started
from the lower level and proceed
towards higher level with socket end
towards higher side. The jointing of
pipes should also be done along with
the laying of pipes.

Laying of pipes


After laying the pipes in position,
they are tested for water leakage
and pressure.



When the pipe line is tested, the
back filling of the excavated
material will be done.



The soil which was excavated is
filled back in the trenches all
around the pipes and should be
well rammed. All the surplus soil
will be disposed of and the site
should be cleaned.

Joining of Pipes

• Unloading of pipes up to 60 Kg

should be done by two persons.
• Storing of pipes- The pipes and
specials should be handled with
sufficient care to avoid damage
to them.
• Cutting-While cutting the pipes
in required lengths, a line should
be marked around the pipe with
a chalk at the point of cut. The
pipe shall be neatly cut at the
chalk mark with carpenter’s saw
or hacksaw having a long blade.

Laying of pipes - Trenches
 The trenches shall

be so dug that
the pipe may be laid to the
required alignment at required
depth.
 The bed of the trench, if in soft or
made up earth, shall be well
watered and rammed before laying
the pipes and the depressions, if
any, shall be properly filled with
earth and consolidated in 20 cm
layers.
 When the trench bottom is
extremely hard or rocky or loose
stony soil, the trench shall be
excavated at least 15 cm below
the trench grade.

Laying of pipes - Trenches

• Rocks, stone or other hard substances

•

from the bottom of the trench shall be
removed and the trench brought back
to the required grade by filling with
selected line earth or sand (or fine
moorum if fine soil or sand is not
available locally). The filled material
shall be compacted so as to provide
smooth bedding for the pipe.
In case excavation required blasting
operation, it shall be checked that no
pipes have been stacked in the vicinity
and completed pipe line in the vicinity
has already been covered before
starting of blasting operation.

Laying of pipes - Trenches

This is necessary to prevent damage to
the exposed pipes in the vicinity by
falling stones during blasting.
 After completing the excavation of the
trench, hollows shall be cut at the
required position to receive the socket
of the pipes and these hollows shall be
of sufficient depth to ensure that the
barrels of the pipes shall rest
throughout their entire length on the
solid ground and that sufficient spaces
are left for jointing the underside of the
pipe joint. These socket holes shall be
refilled with sand after jointing the
pipes.


Laying of pipes - Trenches


The trench shall be kept free
from water shoring and
timbering shall be provided
wherever required. After
dewatering, the excavation shall
be done below the water table.

Laying of pipes

Laying
 The pipes shall be lowered into
the trench by means of suitable
pulley blocks, sheer legs chains,
ropes etc. In no case the pipes
shall be rolled and dropped into
the trench. One end of each rope
may be tied to a wooden or steel
peg driven into the ground and
the other end held by men which
when slowly release, will lower
the pipe.

Laying of pipes

After lowering, the pipes shall be
arranged so that the spigot of one
pipe is carefully centered into the
socket of the next pipe, and
pushed to the full distance, that it
can go. The pipe line shall be laid
to the level required.
 Specials shall also be laid in their
proper position as stated above. If
so directed, the pipes and specials
may be laid on masonry or
concrete pillars. All the pipes shall
rest continuously on the bottom of
the trench. The pipes shall not
rest on lumps of earth or on the
joints.


Laying of pipes


Some clayey soils like black
cotton soil are drastically
affected by extremes of
saturation and dryness. While
changing from saturation to dry
condition, these soils are
subjected to extraordinary
shrinkage which is usually seen
in the form of wide and deep
cracks and may damage the
underground structures.

Back Filling and Tamping
Back filling of trenches shall follow
pipe installation as closely as possible
to protect pipe from falling boulders,
eliminating possibilities of lifting of the
pipe due to flooding of open trench and
shifting pipe out of line by caved in
soil.
 The soil under the pipe and around it
shall be properly tamped to provide a
firm and continuous support for the
pipe line.
 Tamping shall be done either by
tamping bars or by using water to
consolidate the back fill materials.
 The initial back fill material used shall
be free from large stones and dry
lumps.


Back Filling and Tamping
 In bogs and marshes, the excavated,
material is usually little more than
vegetable matter and it should not be
used for bedding purposes. At such
places, gravel or crushed stone shall be
used.
 The initial back fill shall be placed evenly
in a layer of about 10 cm thick, which
shall be properly consolidated. This shall
be continued till there is a cushion of at
least 30 cm over the pipe.
 While doing the back filling of balanced
work, it need not be done so carefully.
 Care shall be taken to avoid back filling
with large stones which may damage the
pipe line.

Back Filling and Tamping

Extra care shall be taken while doing
back filling on a slope, because until
backfill becomes totally consolidated,
there is a tendency for ground or
surface water to move along this
looser soil resulting in a loss of
support to the pipe.
 At such places the soil shall be filled
at least 10 cm above the ground level.
 At such places an envelope of 10 cm
minimum of tamped sand shall be
made around the pipe line.
 At slopy bed of pipe lines having more
than 30° slope, it is necessary to
anchor few pipes against sliding
downward.


Jointing of Pipes

Socket
and Spigot
Joint
Mecanical
joint or
Dresser
Coupling

Flanged
joint

Joints
Flexible
Joint

Expansion
joint
Collar
joint

Bell and Spigot joints
This joint is also known as socket and
spigot joint. This type of joint is mainly
used for cast iron pipes of all sizes and
concrete pipes below 60 cm in
diameter.
 The pipes which are to be joined by this
joint are made in such a way so that one
end is enlarged arid the other end is
normal.
 The enlarged end is called socket or
bell and the normal end is called
spigot.
 The spigot end is inserted into the bell
end after this yarn of hemp is wrapped
around the spigot end of the pipe and is
tightly filled up with molten lead or
bitumen or cement mortar.


Bell and Spigot joints

• The quantity of lead required per

joint varies from 3.5-4 kg per 15 cm
dia pipes, to about 45-50 kg per 1.2
dia pipe.
• This is somewhat slightly flexible
joint allow the pipes to be laid on
flat curved without pipe specials.
• Now a days sometimes to reduce
the cost of filling lead, certain
patented compounds of sulphur
and other materials are filled in
the joints, but these materials do
not provided flexibility equal to
that of lead.

Flanged Joint

This joint is mostly used for
temporary pipe lines, because the
pipe line can be dismantled and
again assembled at other place.
 The pipe in this case has flanges
on its both ends, cast, welded or
screwed with the pipe.
 The two ends of the pipes which
are to be jointed together are
brought in perfect level near one
another and after placing one hard
rubber washer between flanges
are bolted.


Flanged Joint
Placing of washer or gasket of
rubber, canvas, copper or lead
between the two ends of flanges
is very necessary for securing a
perfect watertight joint.
 These joints are commonly used
for jointing pumping stations,
filter plants, hydraulic
laboratories, boiler house etc.
where it may be necessary to
occasionally dismantle and
reassemble the pipe lines.


Flanged Joint

This joint cannot be used at such
places where it has to bear
vibrations or deflection of pipes
etc.
 If the steel pipes are to be
jointed by these joints, it is better
to screw the separately cast
flanges on the pipes and then
they are jointed.


Flexible joints

• Flexible joints are used where large
•

•
•
•
•

scale flexibilities are required.
When pipes are laid in rivers with uneven
beds large scale settlements may break
the ordinary type of joint.
When pipes are laid on curves the
provided joints must be flexible,
otherwise they may break.
The pipes are provided with socket is
spherical and the spigot though plain is
having a bead at the end.
A retainer ring is placed over the bead
which keeps the special rubber gasket in
position.
A split cast iron gland ring is placed over
then it.

Mechanical joint

This type of joint is used for
jointing cast iron, steel or
wrought iron pipes, when both
the ends of the pipes are plain or
spigot.
 This type of joint is used when
it is required to join the plain
ends of cast iron pipes.
 A special type of metallic collar
is then fitted & tightened over
the abutting ends thus forming a
mechanical joint.


Dresser coupling

One of the most commonly used
type of a mechanical joint is
dresser coupling.
 In this joint an iron ring & a
gasket are slipped over each of
the abutting ends of pipes & an
iron sleeve is inserted between
the gaskets.
 These joints are strong& rigid,
they can withstand vibrations &
therefore useful for pipes to be
carried over bridges or below
bridges in hangers.


Mechanical Joint

Collar Joint








This type of joint is mostly used for
joining big diameter concrete and
asbestos cement pipes.
The ends of the two pipes are
brought in one level before each
other.
Then rubber gasket between steel
rings or jute- rope soaked in
cement is kept in the grove and the
collar is placed at the joint so that
it should have the same lap on
both the pipes.
Now 1: 1 cement mortar is filled in
the space between the pipes.

Collar Joint

Expansion Joint
This joint is used at such places
where pipes expand or contract due
to change in atmospheric
temperature and thus checks the
setting of thermal stresses in the
pipes.
 In this joint the socket end is
flanged with cast iron follower ring,
which can freely side on the spigot
end or plane end of other pipe an
elastic rubber gasket is tightly
pressed between the annular space
of socket and spigot by means of
bolts.


Expansion Joint

In the beginning while fixing the
follower ring some space is left
between the socket base and the
spigot end for the free movement
of the pipes under variation of
temperatures.
 In this way when the pipe
expands the socket end moves
forward and when pipes contract,
it moves backward in the space
provided for it. The elastic rubber
gasket in every position keeps
the joint water tight.


Expansion Joint

Screwed Joint

This joint is mostly used for
connecting small diameter cast
iron, wrought iron and galvanized
pipes.
 The ends of the pipes have threads
on outside, While socket or
coupling has threads on the inner
side.
 The same socket is screwed on
both the ends of the pipes to join
them.
 For making water tight joint zinc
paint or hemp yarn should be
placed in the threads of the pipe,
before screwing socket over it.



Screwed Joint

A.C. Pipes
For joining small diameter A.C. pipes,
the two ends of pipes are butted
against each other, then two rubber
rings will be slipped over the pipes
and the coupling will be pushed over
the rubber rings.
 The rubber rings make the joint waterproof.


Testing of Pipelines
After a pipe line has been laid, fitted
with all appurtenances & accessories,
painted from both inside & outside with
protective paints etc., the pipe line will
be tested for soundness in its
construction.
 The pipe line is tested from section to
section.
 The downstream sluice valve is closed
& water is admitted into the pipe
through upstream sluice valve.
 The upstream valve through which
water was admitted is closed, so as to
completely isolate the pipe section.


Testing of Pipelines

Pressure gauges are fitted at
suitable intervals of pipe line.
 The pipe section is then connected
to a delivery side of a pump
through a small by- pass valve&
pump is started, so as to develop
pressure in the pipe.
 The bypass valve is then closed &
the pumping is discontinued.
 The pipe is thus kept under
pressure for 24 hours& inspected
for possible defects, leakages at
the joints etc. This completes the
pressure test.


Thank you
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Sluice-Valves or Gate Valves
• These valves are cheaper, offer less resistance to the
flow of water than offer valves, used for the same
purpose.
• Gate-valves control the flow of water through pipes,
and are fixed in main lines bringing water from the
source to a town, at 3 to 5 kilometres intervals, thus
dividing the pipe line into different sections.
• During repairs only one section can be cut off by
closing the sluice valves at both ends.

Sluice Valves
• The Gate valves are usually placed near the low
pressure points.
• It consists of a wheel and spindle, which allow us
to turn them and stop the flow of water.
• The spindle is directly connected to the gate inside
which helps in restricting the flow of water
• It is connected to the pipe through a wedge
shaped circular disc fitted closely and tightly.
• In case of extra support double disc are used to
connect
• Generally they are made with cast iron, brass,
bronze and stainless steel mountings.

Sluice Valves

Air Valves
• They are the special kind of valves which is generally
kept on both sides of sluice valves or on the
downstream side of the sluice valve.
• This is used to avoid the collapse of the pipes due to
negative pressure
• Some times air is accumulated at the summit of
pipelines and blocks the flow of water due to air lock.
In such cases the accumulated air has to be removed
from the pipe lines. This is done automatically by
means of air relief valves.

Check Valves or non-return valves
• It automatically allows water to flow only in one
direction and prevent it flowing in reverse direction.
• Check valve open with forward flow and close against
reverse flow.

• Check valves are entirely automatic in their operation
having no requirement for any operator or external
control; so most do not have any valve handle or stem.
Check valves are powered by the fluid flow and the
pressure difference that exists between their inlet and
outlet ports.

Check Valves or non-return valves
• Check valves are installed in pipelines to prevent such
a back flow and to permit the flow of product in only
one direction.
• When the flow is moving in the proper direction, the
valve remains open. When the flow reverses, the
valve closes automatically.
• Use of check valve is particularly important in the
case of pumps and compressors, where back flow
could damage the internals of the equipment and
cause an unnecessary shutdown of the system and in
severe cases the complete plant.

Pressure relief valves
• Pressure relief valves (safety relief valves) are designed
to open at a pre-set pressure and discharge fluid until
pressure drops to acceptable levels.
• In operation, the pressure relief valve remains
normally closed until pressures upstream reaches the
desired set pressure.
• The valve will crack open when the set pressure is
reached, and continue to open further, allowing more
flow as over pressure increases.
• When upstream pressure falls a few psi below the set
pressure, the valve will close again.

Scour Valves or Drain valves
• Scour valves are located at low points or between
valve sections of the pipeline.
• Their function is to allow periodic flushing of the
lines to remove sediment and to allow the line to be
drained for maintenance and repair work.
• These are ordinary valves but used for a specific
purpose of scouring or emptying or cleaning the
main and water storage tank. The drain valve is
provided at the lowest point of the section of
the pipeline to be drained and at all dead ends of
the distribution system.

Manholes
• Manholes are provided at suitable intervals along the
pipeline.
• They are helpful during construction and later on
serve for inspection and repairs.
• These are usually spaced 300 to 600 m apart on large
pipelines.
• Their most useful positions are at summits and
downstream of main valves.
• They are commonly provided in the case of steel and
concrete pipelines and are less common in the case of
cast iron and asbestos cement pipelines.

Water Meters
• Water meters are the devices which are installed in
pipelines to measure the quantity of water flowing
through them.
• The water flowing through pipelines is supplied to
various consumers for domestic, industrial and
commercial uses and its measurement is necessary to
charge the consumers according to the quantity of
water supplied to them.
Types of Water Meters
• Inferential type meters or velocity meters
• Displacement type meters

Fire Hydrants
• A fire hydrant is an outlet provided in a pipeline for
tapping water mainly for the purpose of fire
fighting (or fire extinguishing).
• However, sometimes these may also be used for
withdrawing water for certain other purposes such
as sprinkling on roads, flushing streets, etc.
• When a fire breaks out, water is obtained for fire
fighting from a nearby fire hydrant through a fire
hose.

Fire Hydrants

• For fire fighting usually large quantity of water at
high pressure is required in order to make it to
reach to the place of occurrence of fire.
• Thus if water at required pressure is available from a
fire hydrant, it can be directly used for fire fighting
through a fire hose connected to the outlet of the
fire hydrant.

• However, if water at much higher pressure is
required the same is developed by attaching a fire
engine or a pump to the fire hydrant outlet.

Fire Hydrants
• The fire engine or the pump draws water from
the fire hydrant boosts its pressure and the
high pressure water coming out from the
outlet of the fire engine or the pump is used
for fire fighting through a fire hose connected
to the outlet of the fire engine or the pump.

• At the end of the fire hose a nozzle is provided
to develop a powerful jet of water.

Fire Hydrants

• The number of fire hydrants in a distribution
system and their location depends on various
factors such as chances of fire occurrence,
requirement of water for fire fighting, utility of
buildings, population of area, etc.
• Generally fire hydrants are placed at all
important road junctions and at intervals not
exceeding about 300 m.
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