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Collection of water is the drawing of water from
the sources of water, commonly known as intakes.

The collection system is a set of engineering
works designed to convey water from a source to a
distribution system via treatment plant and
includes intakes, suction pipes, delivery pipes and
pumping stations.

Transportation of water is the conveyance of
water from the intake to the treatment plant and
also to the distribution systems.
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The intake is a device placed in a surface water source to
permit the withdrawal of water from the source and
then discharge it into intake pipe through which it
will flow into the water-works system.

It consist of the opening, strainer, or grating through
which the water enters, and the conduit conveying
the water, usually by gravity, to a well or sump.

From the well the water is pumped to the mains or
treatment plant.

Intakes should be so located and designed that possibility
of interference with the supply is minimized and
where uncertainty of continuous serviceability exists,
intakes should be duplicated.
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The following must be considered in designing and

locating intakes:

1 The source of supply, whether impounding reservoir,
lake, or river (including the possibility of wide
fluctuation in water level);

1 The character of the intake surroundings, depth of
water, character of bottom, navigation requirements,
the effects of currents, floods and storms upon the
structure and in scouring the bottom;

1 The location with respect to sources of pollution; and

 The prevalence of floating material such as ice, logs,
and vegetation.



Intake Velocity and:Depth
P y-and-Depth_—=

Intake entrance should lie 3 to5 m below the water
surface but 1 to 2 m above the river, lake or

reservoir floor to keep bottom sediments out of
intakes.

The entrance velocities are kept down to 7.6 to 10
m/sec. At such low velocities, vegetation, debris
and other materials are not entrained in the
flowing water, fish and other aquatic lives are well
able to escape from the intake current.

Gratings or screens of 1 to 3 meshes to a centimeter
are provided at the intake entrance.
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Intake Pipe  _—
=

> Intakes are connected to the banks of rivers or to the
shores of lakes and reservoirs (i) by pipelines (often
laid with flexible joints) or (ii) by tunnels blasted
through rock beneath the floor.

» The pipelines are generally laid in a trench on the
riverbank or on the lake or reservoir floor and covered
after completion.

» Pipe passing through the foundation of dam are
subjected to heavy loads and to stresses caused by
consolidation of the foundation.

> Intake pipes are designed to operate at self-cleansing
velocities, 14 to 19 cm/sec.

» Flow may be by gravity or by suction.



Pumping Station... ____—
P ping-

¢ Pump wells are generally located on shore or
banks.

» Suction lift including friction should not exceed 5
to 6 m accordingly.

<» Pump wells are often quit deep.

¢ The determining factor is the elevation of water
level in the river, lake or reservoir in times of
drought.



Design Considerations.
—a

Following are the important considerations for design of an

intake:
i. Selection of a particular type for the given source.

ii. The magnitude of the external forces (waves, currents and
blows from floating and submerged objects) to be resisted
by the intake.

iii. Consideration of the total lift from the source to the

treatment plant and selection of a suitable pumping unit.

iv. Determination of the total length of suction and delivery
mains, head losses due to friction and small bends,

enlargement and reduction.



Design eonsLW

v. Selection of a suitable screen to provide around the intake
pipe not to permit entry of large and small objects, such
as logs, stones, aquatic lives and vegetation.

vi. Installation of intake valves or porthole at 2 or 3 different
levels to get the best available quantity of water,

eliminating seasonal fluctuation of waster levels.

vii. Determination of cost-benefit ratio. To reduce the cost,
the intake elevation is often made higher so that the water
flows to the treatment plant by gravity.

viii. Assurance of the safety of the intake structure, provision

future extension and installation of standby unit of pumps.



Types-ofIntakes...
s

The intakes are mainly of the following four types:
(1) Canal intakes

(i) Reservoir or lake intakes

(ii1) River intakes and

(iv) Portable intakes.



CanalIntakesw..
/V

An intake chamber is constructed in the canal section. This
results in the reduction of waterway which increases the
velocity of flow. It therefore becomes necessary to provide
pitching on the downstream and upstream portions of canal
near intake.

The entry of water in the intake chamber takes through the
coarse screen and the top of outlet pipe is provided with
fine screen. The inlet to outlet pipe is of bell-mouth shape
with perforations of fine screen on its surface.

The outlet valve is operated from the top and it controls the
entry of water into the outlet pipe from where it is taken to
the treatment plant.



CanalIntakesw.. =
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As the water level in the canal section practically remains
constant, it is not necessary to provide intake pipe at various
levels. To reach up to the bottom of intake, the steps should be
provided in zigzag manner starting from manhole.

The flow velocity through the outlet pipe is usually kept as
about 1.50 m/sec and it helps in determining the area and
diameter of the withdrawal conduit.

For designing the area of coarse screen, the flow velocity is
limited to as low as about 150 mm/sec or so. The flow velocity
through the bell-mouth shaped inlet is limited to about 300
min/sec or So.



Lake and Reservoirintake ——

Lake intakes are sited with due reference to
sources of pollution, prevailing winds and surface
currents.

Reservoir intakes resemble lake intakes but
generally lie closer to bank in the deepest part of
the reservoir. They are often incorporated into the
impounding structure itself.



Portable Intakes..
/ \

In case of emergencies such as festival sites, wars, etc., it
sometimes becomes necessary to draw water with the
help of a movable intake.

It essentially consists of a truck fitted with a pumping
plant. The truck is brought to the site and it is placed
in such a position that it becomes possible to immerse
the suction pipe of the pump. The end of the suction
pipe is kept just above the bed level of water source
and it is also provided with screen or strainer.

Thus the water lifted by the portable intake is relatively
free from suspended solids. The water is then
conveyed through the discharge pipe of the pumping
plant.
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industrial wastes

Understandably, river intakes are constructed well
upstream from points of discharge of sewage and

Optional location will take advantages of deep water

a stable bottom, and favorable water quality, all
floods, debris and river traffic

Where the river bed

with proper reference to protection against
greatly, intake

shifts or depth of flow varies
pumps may

carriage that are moved up and down on the river
bank to stay within d
rise and fall

be mounted on

lesired suction lift as flows
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Figure: Intake well for earthen dam



Transportation ofWater
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- The arrangement for the transportation of water from the
source of supply to the treatment plants and
subsequent distribution to the consumers form an
important part of the water-works system.

The source of supply usually being at some distance away
from towns and cities, it is necessary to construct
structures for the transportation of water.

These structures are known as pipes and conduits.

There are two general classes of pipes; (i) Pressure pipes
in which the water flows under hydraulic pressure,
and (ii) Gravity pipes (open channels) in which the
water flows in gravity.



Transportation of Water
e

< A pressure pipe is also defined as a pipe flowing full.

<+ Such pipes are often less costly than open channels (canals
and flumes) because they can generally follow a shorter route.

< If water is scare, pressure pipes may be used to avoid loss of
water by seepage and evaporation, which generally occurs in
open channels.

<» Pressure pipes are preferable for public water supplies
because of the reduced opportunity for pollution.

<» The open channel may take the form of canal, flume, tunnel,
aqueduct or partly filled pipe.

4

L)
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> Open channels are characterized by a free water surface, in
contrast to pressure pipes, which always flow full.
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Desirable
/
- The desirable

follows:

i. They should
no leakage c

ii. They should

Qualities_of Pressure Pipes

qualities of pressure pipes are as

| be made of durable materials so that
evelops causing wastage of water.

| be strong and of sufficient thickness

to withstand both internal and external stresses.

iii. The inner surface of the pipe should be very

smooth so
minimum.

iv. The pipe

that the resistance to flow is

materials should not impart any

physical and chemical effects to water.



Desirable Qualities_of Pressure Pipes
=
The desirable qualities of pressure pipes are as follows:

v. The pipes should be light so that transporting, handling
and laying the pipe under different conditions of
topography, geology and communication become easier.

vi. Low initial cost and maximum service period of pipes are
desirable.

vii. The pipe materials should be so selected that annual
maintenance cost is low, joints can be made easily, offer
adequate resistance to the corrosive characteristics of soil
and water and highly skilled labour is not required for their
laying and construction.

viii. The pipe sections should possess good hydraulic properties.



Corrosion-of Metal'Pipe. ———
=

Generally pipes are made by various materials like steel, cast
iron, concrete, asbestos cement, vitrified-clay, PVC, GI,
copper, wrought iron, plastic, asphaltic fiber and lead. But
metal pipes are subject to corrosion.

Corrosion is a phenomenon by which metals and their alloys
are attacked by the environment consisting of chemicals.

There are mainly two types of corrosion in pressure water
pipes, (i) External corrosion and (ii) Internal corrosion.

The external agents like biological action, oxygen, etc. cause
external corrosion, and the internal corrosion is generally
attributed primarily to the nature of water, which flows
through pipes.



Corrosion-of MetalPipe..
/

The chemical attacks of an environment upon a
result in the oxidation of the metals and the
formation of corrosive products, usually the oxides,
hydroxides, carbonates, sulphides, etc.

In most cases, corrosion product is insoluble in the
environment and forms a separate phase on or
adjacent to the metal.

Hence, corrosion may be defined simply as the
process by which the metals and their alloys are
destroyed by chemical or electrochemical means.



Causes of Corrosion-of Metal-Pressure-Pipes
/
- Following are the important causes of corrosion of metal pressure
pipes:

i. Pitting: Localized pitting is usually caused in metal pipes by
the concentration of electric currents resulting from the
potential differences on the metal surface, which accelerates.
This process is also accelerated by dissolved oxygen content of
flowing water.

ii. Influence of acids and alkalies: Acidity and alkalinity of
water passing through pipes will help vigorously to corrode

pipes.

iii. Influence of sulphurous compounds: The influence of
sulphurous compounds on metal pipes is harmful. It has been
reported that the presence of sulphides particles raised the
proportions causing rust from 22 to 9o0%. The effect of

sulphides is almost due to liberation of hydrogen sulphides
which accelerates the attack of acids on the pipe metal.



Causes of Corrosion-of Metal-Pressure-Pipes
/

~iv. Biological action: Soil contains various types of bacteria
both aerobic and anaerobic. Certain anaerobic bacteria are
capable of rendering the oxygen present in sulphates,
nitrates and carbonates available for the free oxygen and
thereby corrosion will proceed pace. The most important
sulphate reducing bacteria (Vibrio desulphuricans) which
can cause serious attack on buried pipes when three
conditions are satisfied:

absence of oxygen as in many clayey soil,

presence of proper food (organic matter) and other
environmental conditions needed for the growth of bacteria
and

presence of large amount of sulphates.
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Causes of Corrosion-of Metal-Pressure-Pipes
/
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vi.

Vil.

Cavitation: The effects of cavitations are similar to those of
corrosion but are due more to erosion. The sudden and
alternate making and breaking of high vacuum and the
creation and condensation of water vapour cause a
bombardment of the surrounding surfaces with particles of
water and water vapour moving at a high velocity thereby
accelerating corrosion.

Temperature: The increase in temperature accelerates the
rate of corrosion. The rate of corrosion in water pipes may
be increased in three or four fold by raising the temperature
from 60 to 150° F.

Velocity of flowing water: As the velocity of the water in
the pipe increases from linear to turbulence type, the rate
of corrosion is sharply increased.



Effect of Corrosion... =

Corrosion of water pipes causes a great economic loss.
Both direct and indirect losses resulting from corrosion
are vast and undesirable.

Replacing a corroded leaky water main by the roadside is
very difficult and costly.

Corrosion greatly reduces the pressure head and results in
increases cost of pumping and short life of the water
mains.

Leakage in domestic plumbing fixtures due to corrosion
involves not only the replacement but also repairing
damages to walls, floors, etc.

Rusty water due to corrosion causes strain in cloth after
washing, produces unsightly marks on the plumbing
fixtures and unsuitable for domestic uses.



Control of Corrosion ____—

Corrosion of metal pipes may be reduced or eliminated by
protection coatings of paint, galvanizing, bituminous
compounds, or cement linings.

Red lead paint or zinc pigments offer some protection and are
used on the exterior or exposed metal pipes.

Other metallic protective coatings are tin coatings, nickel
coatings, chromium coatings and copper coatings.

Galvanizing by dipping the pipe molten zinc is an effective
corrosion control except for highly acid waters. Galvanized pipe
is widely used for small service lines in distribution systems but
is too expensive for large pipe.

Large pipes are usually protected by non-metallic coatings, such
as bituminous coatings or cement linings. Numerous
commercial bituminous compounds are available for both hot
and cold application.
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Scale Formation in Pressure Pipes—
—
1 Scale formation in water pipes is mainly due to

the presence of dissolved mineral matter and
gases under favorable conditions of temperature
and pressure.

1 Scale formation caused water pipes to wear out
and burst out very soon as the cross-sections of
the pipes are reduced and this also causes
insufficient discharge through pipes.

[ Scaling also causes water unfit for domestic and
industrial uses.



Scale Formation in Pressure Pipes—

/

J The impurities which are mainly responsible for

scal

und

e formation in water pipes may be classified
er two heads: (i) Dissolved mineral matter

and

(ii) Dissolved gases.

- Dissolved mineral matter include the hardness

producing substances, i.e., carbonates,
bicarbonates, sulphates and chlorides of calcium

and magnesium, and silica.

[ Dissolved gases include carbon dioxide, oxygen,
nitrogen, hydrogen sulphides and methane.
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< To control scale formation in pressure pipes, water is
softened.

4
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» The chief objective of water softening is to remove
dissolved mineral compounds which constitute the
hardness and which deposit scales in water pipes,
boilers and hot water heating system cause serious
difficulties in many processes including textile
finishing, dying, canning, paper making, cold drinks
preparation, tanning and others.

L)

)

+ Following are the effective processes by which scale
forming minerals and gases are removed from water:
(i) Lime-soda process, (ii) Zeolite process, (iii)
Phosphate process and (iv) Lime process.
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Forces Acting on'Pipes

Pipes carrying water under pressure must be
designed to withstand stresses caused by internal
and external loads, and temperature changes, and to
satisfy the structural and hydraulic requirements.

The forces acting on pipes are:

a.
b.

C.

Internal forces due to static head

Internal forces due to water hammer

Forces at bends and changes in cross-section

d. Forces due to temperature changes

c.

External forces in the form of backfill, traffic and
own weights.



Internal Forces due to Static Head—
/ .
Internal forces due to static head create hoof stress

(transverse stress or circumferential stress) and
longitudinal stress.

Hoof stress, S, = pd/2t
Where, S, = hoof stress per linear length in inch of
the pipe.
P = intensity of static pressure in psi = wh, in which
h is the static head and w is the unit weight of water.
d = pipe diameter in inch.
t = thickness of the pipe shell in inch.
Longitudinal (tensile) stress, S, = pd?/[4t(d+t)] =
pd/4t (approximately)



Internal-Forces-dueto Water. Hammer
=
One of the most damaging factors to a water piping

system is water hammer action. In addition to its
effect on the piping system, water hammer causes
banging noises in the system that is very
disagreeable to occupants in the building. Water
hammer occurs when a column of water flowing
through a pipe line and discharging at an open
outlet, is suddenly stopped by closing the outlet.
Since flowing water has force, tremendous
pressure result at the point of closure and
pressure surges move along the pipe.



Internal Forces due to'Water.Hammer—

Phase 1: The valve on the line is closed and the water
contained in the line is at rest. Water pressure is thus exerted
in all directions in an equal way.

g Valve

Phase 2: The valve on the line is open and water flow freely
through the open outlet. Now the water pressure is utilized to
force the water out of the open end of the pipe. Arrows
indicate the direction of force in the column of water.

Valve

4
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Internal Forces due to'Water.Hammer—

Phase 3: When the valve is quickly closed, the
column of freely flowing water is suddenly stopped;
excessively high pressures are generated at the point
of stoppage. This creation is the same as would result
of a steel bar moving through the line at the velocity
of water were suddenly stopped by the valve.

Valve

FEEI?




Internal Forces-due to Water-Hammer—
e

Phase 4: In an effort to equalize the pressure build-up of the
water, a shock wave will travel back along the branch line
until a large diameter pipe is reached. This will allow the
shock wave to dissipate itself. Arrows denote the direction
of force towards the valve and then its reversal as a shock
wave towards the point of relief. Since the shock wave
travels at speeds in excess of 4000 fps, it causes a piping
clatter all along its route. Often the shock wave will
oscillate back and forth between the valve and the point of

relief until the pressure is stabilized with the branch line.

Valve
p ‘ “I Ig
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Internal-Forces-dueto Water. Hammer
=

The pressure generated by the shock wave can expand and
often rupture the piping. Although piping clatter is normally
associated with water hammer, you cannot assume that when
these noises do not occur, that the shock wave is non-existent.
Quite often, water hammer takes place without any physical
sounds. Therefore it is very important that piping system be
designed with all due consideration given to the means that
compensate for the action of water hammer.



Methods of controlling water hammer=

In order to eliminate the damage and piping clatter that

results from water hammer, it is important that certain
steps be taken in piping system design to compensate for
the excessive pressures that are generated when a column
of flowing water is suddenly stopped.

The consideration is needed in some means or device that will
provide flexibility in the system to absorb the initial shock
wave of water hammer thereby conflicting the action to a
given section of piping.

Air is the most effective medium for absorbing the shock wave
caused by water hammer for (i) water is non-
compressible; (ii) air can be compressed to considerable
pressure when the water compresses the air, it also fills the
void offered by the displaced air. Because water has this
flexible means to expend its force, the shock wave that
would otherwise result, is quickly absorbed.



Methods of controlling water-hammer=

Entrapped air

Air chamber m
——— Valve

Water Branch line n [
Flow i e

Entrapped air

Air chamber
Discharging freely ik

Water Branch line Water at rest



Forcesat Bends and-Changes'in:=Cross-section
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- A change in direction magnitude of flow velocity is
accompanied by a change in the momentum of water. The
force required to produce this change in momentum covers
from pressure variation within the water and from the forces
transmitted to the water from the pipe walls. For a pipe bend
of the uniform section,

Longitudinal force = s(nd)t

Where, s is the unit stress, d is the diameter of the pipe and t
the wall thickness of the pipe.

Similar expression for forces developed for a pipe bend of non-
uniform cross-section, pipe contraction and enlargement can
be computed. These stresses can be eliminated or reduced by
providing an efficient anchorage at the bend, contraction and
enlargement.



Forces-due to Temperature.Changes=

/
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Longitudinal stress of considerable magnitude may develop in pipes
exposed to large changes in temperature. The change in length & of a pipe
length L when subjected to a temperature change AT is,

0 =al. AT

where «a is the coefficient of thermal expansion of the pipe material. If this
change in length is prevented, longitudinal stress will develop. From the
principles of mechanics of materials it is known that in the elastic range,
0 = Ee = E&/L

where ¢ is the unit strain (elongation per unit length) and E is the thermal
modulus of elasticity and & is the resulting unit stress. Combining these
two equations, it gives,

o = EaAT

This indicates the longitudinal stress that would result when a pipe with
fixed ends is subjected to a temperature change. Expansion joints are
usually provided to reduce temperature stresses.



External Forces .
e

Pipes are often placed in an excavated trench which is back
filled, or they are laid on ground surface and covered with
earth. In either case a vertical load is imposed on the pipe.
If a load is superimposed on the fill, a portion of it will be
transferred to the buried pipe. The magnitude of the load
thus produced depends on the rigidity of the pipe, the
type of bedding and the character of the fill material.

1. According to Anson Marston, for rifgid pipes in narrow
tre]glches, the load w in pound per foot of pipe has been found
to be,

w = cyB?

where B is the trench width at the top of the pipe, v is the
s]i’zlecific weight of the fill material, and c is the coefficient
characteristics of the fill material, and the ratio of cover depth

to the width of the trench, and is generally termed as load
calculation coefficient.



External Forces
/

[f the pipe is flexible type, and the soil at the sides is well
compacted, the side fills may be expected to carry their
proportional share of the total load. The empirical
formula for the load on the buried flexible pipe in a
narrow trench is,

w = cyBD
where D is the out side diameter of the pipe.

If the pipe is placed on undisturbed ground and covered
with fill (as highway culvert), the equation for the load on
buried pipe under embankment conditions is,

w=c,y D
value of ¢, depends on the type of the pipe and
characteristics of the foundation and backfill.



External Forces
/7

The formula for load due to super imposed concentrated load
is given in the following form by D.H.Holl's integration of
Bousainesq’s formula as,

WSC = (ClpSC) I/L

where w_, is superimposed concentrated load on pipe in Ib/ft,
P,. is the superimposed concentrated load in Ib, I is the impact
factor and c, is the load coefficient which is a function of
D/2H and L/2H. In case distributed superimposed load, the
expression for load on the pipe is,

Wgq = ClpID

where w_, is the superimposed distributed load on the pipe in
Ib/ft length, p is the intensity of distributed load in Ib/sq.ft, c,
is the load coefficient which is function of N/2H and M/2H.
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WATER DISTRIBUTIONSSYSTEM.——==
—
The distribution system is that part of the water-
work which receives the water from the pumping
station or from treatment plant and delivers it

throughout the district to be served.

It includes, such as, reservoirs for purposes of
storage, equalizing pressures and subsequent
distribution, together with pipes, valves, hydrants
and other appurtenance for carrying water, service
pipe and meters etc.



Objectives of Distribution.System—
=
The main purposes of the construction of water
distribution system are:

d To make water available in close proximity to the
consumer;

[ To supply water in adequate quantities according
to the demand of the consumers;

L

To supply water with adequate pressure;
J To regulate water supply as per requirement.



General considerationfor waterdistribution-system
/
- The general considerations of the planning of distribution
system should be observed in its design:

Circulation of water: The layout of distribution system
should be such that there is free circulation of water and that
the number of dead ends should be very few. Where dead ends
are unavoidable, the hydrants will be provided to act as
washouts.

Construction and design: The construction and design of
water distribution system should be such that ample water is
available at all times at desired pressure in all portion of the
distribution system.



General consideration-for waterdistribution-system

/

- The minimum residual pressures at ferrule point for direct
supply to single-storeyed, two-storeyed and three-storeyed
buildings should be respectively 7 m, 12 m and 17 m. If the
available pressure in the pipe is low, it has to be boosted up
with the help of fire engines in case of fire occurrence. In
general, the construction and design of the water distribution
system be such that it can be relied upon even for meeting
future expansion programs.

Earth cushioning: The mains, which are laid under roads,
should be provided with a minimum earth cushioning of goo
mm height from the top of mains. At other places, the
cushioning may be of 750 mm height.



General consideration for waterdistribution-system
/
- Construction by sewage: The water pipe line should be laid

above the sewers at a vertical distance of about 2 m and the
horizontal distance between the water pipes and sewer should
be at least 3 m. If the physical configuration of country does
not permit the provision of this minimum spacing,
extraordinary precautions should be taken to make the
distribution system watertight to the maximum possible
extent.

Fire demand: The distribution system should be so laid that
the water for fire demand is available in required quantity at
desired pressure at number of points along it.



General consideration for waterdistribution-system

/

- Economy: The layout and design of distribution system
should be economical. The cost of distribution system forms a
substantial part to extent of about 9o% of the total cost of the
water supply project. Hence the water distribution system
should be carefully designed by taking into various factors
such as pumping head, type of pipes, storage requirement,
pipe diameter, etc.

Gradients: It is not necessary to lay mains at constant
gradients. But the gradients of mains should in general follow
the natural contour of ground. The gradient line should not
rise above the hydraulic gradient line which means that at
every points along the mains, there should be a positive
pressure gradient than the atmospheric pressure.



General consideration-for water'distribution-system

/
Leakage: The distribution system should be fairly watertight and

the loss of water due to leakage should be brought down to the
minimum possible extent.

Repairs: The distribution system should be so laid as to permit easy
repairs. The broken or worn out parts of the equipments for various
operations should be properly replaced.

Safety from pollution: The layout of distribution system should be
such that it does not contribute to the pollution of water flowing in it.

Sanitation: The sanitation of area through which the distribution
system is passing should be good so that there are no chances for
water to be polluted during repairs or replacements of pipe lines.

Unsafe cross connection: The distribution system should not have
any unsafe cross connection from which there are chances for
contaminated water to enter it.



Methods of Distribution.System-==

/

- Depending upon the topography of the country, the
distribution system may be classified as (i) Gravity system, (ii)
System with direct pumping and (iii) System with pumping
and storage.

Gravity system: A gravity system is adopted where the source
of supply such as a lake or an impounding reservoir, is at a
sufficient elevation with respect to the city in order to produce
adequate pressure for fire and domestic service. This method,
evidently, is the safest and most reliable. In this system, water
is conveyed through pipe by gravity only. In case of fire, the
motor pumps may be used to develop high pressures for fire
fighting purpose.



Methods of Distribution.System—
—
System with direct pumping: In this system, water is
directly pumped into the mains. Consumption is the only
outlet. This method is least desirable, a failure in the power
supply means breakdown of the system. Also, pressures in the
mains vary with the consumption, so that under varying
consumption, several pumps may be required to conform to

the supply, adding to cost.



Methods of Distribution.System-=
/
System with pumping and storage: This is also called the

direct-indirect or dual system. In this, when the demand-rate
exceeds the rate pumping, the flow into the distribution
system is both from the pumping station as well as the
elevated reservoir. When , however, the reverse condition exist
i.e., pumping is more than the demand, the excess of water is
stored in the reservoir. This system, obviously, is the most
economical and reliable. It provides for a uniform rate of
pumping. The pumps can be operated at their rated capacities,
resulting in higher efficiency and economy of operation. Also,
the water stored serves as a reserve to take care of fire
demands and pump breakdowns.



Service Reservoir -
-

The service or distribution reservoirs are generally
provided in the distribution system to store the
clean treated water before it is dispatched to the
consumers. These reservoirs may be constructed
of brick masonry, cement concrete - plain,
reinforced or pre-stressed, steel or stonemasonry.

The common materials used are cement concrete and
steel. According to the situation with respect to
ground, the service reservoirs are classified in the
following three types: (i) surface reservoirs, (ii)
elevated reservoirs and (iii) stand pipes.



/
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Purposes of Service'Reservoir—

Following are the purposes served by the service or distribution reservoir:

I[f pumps are used, the provision of these reservoirs makes it possible
to run pumps at uniform rate.

In case of gravity system of supply, the provision of these reservoirs
will result in mains of smaller diameters.

They furnish the facility of storage of water for meeting fluctuating
hourly demand of water.

They maintain constant pressure in the mains. The pressure in mains,
without service reservoirs, will fall as the demand of water will
increase.

They make the design and construction of treatment unit and
distribution system economical.

They serve as storage for emergencies such as breakdown of pumps,
bursting of mains, heavy fire demand, interruption in power supply,
temporary floods, etc.



Pressure Requirements in'Distribution System
/V . . . . .
- » In designing water distribution s%rstems pressure
requirements for ordinary use, and for fire fighting must
be considered.

» In residential districts fires pressure of 60 psi at the
hydrant are recommended.

» In commercial districts minimum pressure of 75 psi is
tolerable, but higher pressures must be provided in
districts with tall buildings.

» The maintenance of high pressure in mains means
increased pumping cost and usually also increased
leakage.

» Some large cities have installed dual systems in business
districts, a low-pressure system for ordinary use and a
high-pressure system (150 to 300 psi) for fire fighting only.
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The pipe system comprises of the following four units:

The supply main: the supply main or main is the direct
conveyor of water from the pumping plant or the gravity
conduit. It should be of sufficient size to carry the flow.

The sub-mains: The sub-mains are the secondary feeders
connected to either side may be placed at about 300 m apart
and should be of sufficient size to discharge domestic supply
and fire flow.

Minor distributors: The minor distributors or branches
make up the grid iron of pipes and supply water to the fire
hydrant and service pipes of the residences and other
buildings.

and for domestic service alone 100 mm and less.
Valves: Valves are needed to operate the control the pipe

system. These should be sufficient in number and suitably
located.
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Methods-of WaterSupply —
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Following are the two systems of supply of water which
are based on the duration of supply:

Continuous Method:

In this system of supply, the water is supplied to the
consumers for 24 hours of day. This is the most ideal system of
supply and it should be adopted as far as possible.

The only disadvantage of this system is that considerable
wastage of water occurs, if consumers do not possess civic
sense regarding the importance of treated water. One
recommended way to avoid this defect of the system is to
supply water through meters. Whether it is desirable to install
meters or not is a debatable question and hence the decision
to install meters should be taken after careful considerations
and deliberations.



Methods of WaterSupply —
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Intermittent Method:

In this system of supply, the water is supplied during certain
fixed hours of day only. The usual period is about 1 to 4 hours
in the morning and about the same period in the afternoon.
This system of supply of water proves to be useful for the
following two conditions:

(a) the available pressure is poor and

(b) the quantity of water available is not sufficient to meet
with various demands for water.

The working of the system is very simple. The distribution
area is divided into several zones and the timings of each
zone are so adjusted that good working pressures are
maintained in each zone.
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A continuous method of supply is always better than the
intermittent method because of the following reasons:

>

(a)

(b)

When the supply of water is only for a few fixed hours of the
day, consumers are compelled to store water for use during the
non-supply hour. The domestic storage tanks built for the
purpose may suffer for want of proper maintenance and
attention for a lone time, resulting in a possible contamination
of the water supply.

The unused water of storage tanks is most likely to be thrown
out to be replaced, during the supply hour, by fresh supply of
water. Evidently, this is a wasteful use of water. Also, where the
supply is not metered, there is a tendency on the part of
consumers to leave the taps open for all hours, resulting in
additional wastage of water. The receptacles so left under public
hydrants and faucets may remain overflowing, without being
attended to, for a long time.
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(c)

(d)
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In case of fire breaks out during the non-supply hours,
considerable damage would have resulted before the
supply could be turned on and fire extinguished.

During the non-supply hours, pressure in the distribution
mains may fall below atmospheric pressure, causing
partial vacuum, sucking in air or other harmful gases from
sewers running close-by and resulting in a possible
contamination of the water supply.
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Four methods of distribution pipe laying are discussed. It may
however be noted that each system has its own merits and
no locality strictly adopts only one of these methods. The
necessary combinations of the above methods are usually
made to suit the local conditions of the area.

Dead-end method

This is also known as the tree system of layout and it consist of
one supply main from which sub-mains are taken. The sub-
mains again divide into several branch lines from which
service connections are given to the consumer.

Branch

This system is suitable to old
towns and cities which have
been irregularly developed
having no definite pattern of
roads and streets.

\Ell! Sub- main

Cut-off valve



Methods of Layout of Distribution-Ripe™
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Advantages

Following are the advantages of the dead-end method:

i. It is possible to work out accurately the discharge and pressure
at any point in the distribution system. The design calculations
are simple and easy.

ii. The cut-off valves required in this system of layout are
comparatively less in number.

iii. The diameters of mains are to be designed for the population
likely to be served by them only. This fact may make the system
cheap and economical.

iv. The laying of water pipe is simple.

v. By suitably locating valves, water supply can be so regulated
that by closing any valve, a section of the system can be cut off
for repairs without affecting the rest.



Methods of Layout of Distribution Pipe™

=
Disadvantages

Following are the disadvantages of the dead-end method:

1.

i1.

1il.

During repairs, the large portion of distribution area is affected. It
results into great inconvenience to the consumers of that area.

There are many dead-ends in this system. The pipes terminate at the
dead-ends and hence there is no free circulation of water. There are
chances for water to be polluted due to stagnation and it may
endanger the public life. For this purpose, the scour valves are
provided at dead-ends and water from dead-ends is removed
periodically by the operation of these valves. This measures proves to
be costly as treated water is thrown to waste and it also requires
careful attendance and operation of the scour valves.

The water available for fire fighting will be limited in quantity as the
discharge from mains is also limited. This may prove to be serious in
some roads.
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Grid-iron method

This is also known as the interlaced system or reticulation
system. The mains, sub-mains and branches are
interconnected with each other as shown in Figure

It is an improvement over | —

the Dead End System,

caused by connecting the ——

ends of the various mains so

as to eliminate the dead T

ends. The water then_

circulate freely throughout SUb main

the system.

Such a system is very useful
for a city laid out on a
rectangular plan.
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Methods of Layout of Distribution Pipe—

Advantages

Following are the advantages of the grid-iron method:

1.

11.

111.

1V.

In case of repairs, a very small portion of the distribution
area will be affected.

There is free circulation of water and hence it is not liable
for pollution due to stagnation.

The water is delivered at every point of distribution
system with minimum loss of head.

When a fire occurs, plenty of water is available for the
fighting purpose and by manipulating the cut-off valves,
whole supply of water may be concentrated for this
purpose.
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Disadvantages
Following are the disadvantages of grid-iron method:
i.  The cost of laying water pipes is more.

ii. The grid-iron system of layout requires longer length of
pipes.
iii. The procedure for calculating the sizes of pipes and for

working out pressures at various points in the distribution
system is laborious, complicated and difficult.

iv. The valves required in this system are more in number and
in fact, four valves are to be installed at every cross junction.

Use: The grid-iron system of layout is more suitable for towns

having weﬁ—planned roads and streets. However the principle of

Erid—iron system can be applied to the dead-end system of layout
y removing dead-ends.
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Circular method

This is also known as the ring system and a ring of mains is
formed around the distribution area as shown in Figure. This
system possesses advantages and disadvantages as those of
grid-iron system. The distribution area in divided into
rectangular or circular blocks and the water mains are laid on
the periphery of these blocks. The ring system of layout is
most suitable for towns having well-planned roads and streets.
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Radial method
This method of layout is just the
reverse of the ring method. In Distribution
this system, the water is taken reservoir

from the mains and pumped into
the distribution reservoirs which
are situated at centers of different
zones as shown in Figure. The .
water is then supplied through
radially laid pipes. The radial
method of layout gives quick
service and the calculations for
design of size of pipes are simple.
The radial method is most
suitable for towns having roads
laid out radially.

NZEH

N
ZN.
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~ The distribution system of water supply should be maintained
so that the equipment employed and the processes followed
can work smoothly without interruption. A well designed and
properly laid water distribution system may prove to be highly
inefficient in its operation for want of proper maintenance.
Following are the important items which are to be attended to
during the maintenance of distribution system of water supply:

i. The flushing of water pipes should be carried out wherever
necessary especially in case of dead-ends on lines and at
places where water is supplied without the process of
filtration.

ii. The hydrants, valves and various other appurtenances
installed on the water mains should be checked regularly
and should be maintained in perfect running order.



Maintenance of Distribution. System=
=
iii. The records regarding the lengths of pipes laid, lengths of pipe
repaired or replaced, expenditure incurred, number of fire hydrants,
number of service connections and all other relevant data in
connection with the distribution system should be well maintained for
ready reference.

iv. The wastage of water especially of leakage through pipe joints should
be brought down to the minimum possible extent by adopting suitable
preventive measures.

v. The water pipes should be cleaned periodically by the use of scraping
devices and the incrustations formed on the inside surface of water
pipes should be removed.

vi. The meters installed on the distribution system should be checked
from time to time and the defective or unreliable meters should be
immediately repaired or replaced.

vii. The maps showing the up-to date latest layout of distribution of water
pipes in the locality should be maintained in the office of the
responsible authority.
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Factors to be considered in the design of a distribution

(d)

system are —
Type of flow — whether continuous or intermittent.
Method of distribution — whether by gravity or by pumping.

Probable future demand based on prospective increase in
population. This also includes the industrial demand as well as
the fire fighting requirements.

Period to be considered to be the life of pipes used. The system
should be designed anticipating the future of the condition that
will obtain near the end of the time when the amounts set aside
for depreciation would have returned the first cost.



Design of Distribution:System_—
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- The Hazen Williams equation can conveniently be used for
the hydraulic design of the branched or looped networks
of pipes. The Hazen Williams equation can be written in

the form:
Q =3.7x10°CD*3(H/L)054 - (1)

Where, Q = flows, Ips

C = roughness coefficient (100 - 140 for rough to
smooth pipes)

D = diameter, m
H = head loss, m
L = length of pipe, m



Design of Distribution:System.—
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For a definite value of C, the equation (1) can be written as:
H/L =1.39 x 100 Q'85/(D487) ~-— oo - (2) [For C = 130]
H/L = 1.59 x 1070 Q'85/(D487) ---————— (3) [For C = 120]

The process involved in the design is to make a pipe layout, assume
the pipe size and then work out the terminal pressure head which
could be made available at the end of the each pipe section when
discharging the peak flow. The available pressure heads are
checked to see if they correspond to permissible residual pressure
heads. If not, the pipe size is changed and the system is

reinvestigated until satisfactory conditions are obtained.



Design of Distribution'System__——
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"~ Branched Network

The following design procedure may be adopted for branched network:

1.

1.

1ii.

1v.

V1.

Collect/ prepare a map of the area to be served with roads, streets and
other features and make a layout of mains, sub-mains and branches
including location of valves and other appurtenances.

Assume pipe sizes of all the pipes in the network (to calculate approximate
pipe size the velocity may be assumed to be around 1 m/s).

Determine the terminal pressure head taking the change in the
elevation of the pipe into account.



Design of Distribution'System_——
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Looped Network

The determination of probable flow in each pipe in a pipe
networks requires complicated and tedious trial and error
solutions. In any looped pipe network two conditions must be
satisfied:

1.

ii. The algebraic sum of the pressure drop (head loss) around
any closed loop must be zero.
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Frequently, it become necessary to analyze a given distribution

d
d
J

system in order to determine through a quick and
approximate check, the pressures and flows available in
any section of the system and to suggest ways to improve
upon the same, if found inadequate. A few important
methods are briefly discussed as below:

Method of sections
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Equivalent pipe method

This method is useful in rendering a complex network of pipes
into an equivalent pipe system giving the same discharge and
loss of head as in the complex system. For purpose of analysis,
the entire network of pipes is considered to be split up into
two portions: (i) pipe in series and (ii) pipe in parallel.

o}
Pipe in series: Pipes carry B :
arbitrarily chosen values of discharge
Q, flowing through branches AB and Q
BD and Q, flowing through AC and
CD in Figure. It is assumed that the Q,
loss of head for pipe in series is o -, C
additive.
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- Knowing discharge (say Q,) and diameters of pipe-lines AB
and BD through which it flows, it is possible to determine the
loss of head H, in their total length (AB+BD). Here, use is
made of the nomograph for Hazen-Williams Formula in
which C=100. A single length of equivalent pipe AD of known

diameter can then be selected to give the same values of
discharge Q, and loss of head H..

Pipes in parallel: In this case, head through pipes in parallel
i.e., ABD and ACD is the same. If a certain loss of head (say
H.) is one assumed to occur in either arm length ABD and
ACD, flows through the arms can be worked out and added
together to see that the total flow corresponds nearly to the
original flow Q. The size and length of a single pipeline can
then be calculated to give the same discharge and loss of head.



Analysis of Distribution.System—
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Method of sections

This is an approximate method but gives a quick check and is
simple to follow. The method may be described in the
following steps:

i.  Cut the network of pipes by a number of sections a-a, b-b,
c-c, etc. at right angles to the assumed direction of flow in
Figure. Consider a proper sequence of pipes and character
of district served (residential or commercial).

ii. Calculate the quantity of water to
be supplied beyond each section. 3
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Method of sections

111.

1V.

V1.

Study the average available gradient. Velocity allowed
in pipes is 2 to 4 ft/sec. Permissible gradient should
be 1 to 3 ft per 100 ft.

Find out the number of pipes cut by each section.

Calculate the total discharge of water available at the
end of each section by determining the discharge
capacities and number of pipes cut at section and
summing these up.

Difference between the required discharge and the
calculated discharge are made up by providing
suitable number of additional pipes at allowable
gradients at each end of section.



Analysis of Distribution.System—
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- Hardy-Cross method

Pipe network problems in water distribution systems are
usually solved by methods of successive approximation, since
any analytical solution requires the use of many simultaneous
equations, some of which are nonlinear. We know,

H/L =1.59 x 100 Q"85/(D487) ~—————--- (3) [For C = 120]

The equation (3) can be written for a particular pipe as:

In which k is the constant depending on the length, diameter
and roughness of the pipe as well as the fluid property, x is the
component equal to 1.85 for Hazen Williums’ equation and 2
for the Manning equation.
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Hardy-Cross method

Hardy Cross developed a method of successive approximation in
which the circuits are balanced, distribution of flow is determined
and the above two conditions of flow are satisfied. The solutions for
pipe network problem suggested by Hardy Cross requires that the
flow in each pipe be assumed so that the principle of continuity is
satisfies in each junction. A correction, A, to the assumed flow is
computed successively for each pipe loop in the network until the
correction is required to an acceptable value. If Q, is the assumed
flow, then the correctionis Q - Q,i.e. Q =Q, + A -------- (5)

Inserting the value of Q from equation (5) and applying the
condition that the head loss around any closed loop is zero the head
loss equation (4) gives: >k (Q, + A)* = 0 ~---------- (6)
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P y ition Systs
Dardy-Cross method

Expanding equation (6) 2kQ, * + x> kAQ " + (x-1)/22kAQ <>

If A is small compared to Q, the third and all successive terms
of the equation (7) may be neglected, hence,

2kQ, X+ AxDKQ T = 0 ~mmmmmmmm e (8)

Solving equation (9) for A:
A=-2kQ,*/x2kQ "or,A=-22H/(x2H/Q,) ------------- (9)
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The procedure for Hardy Cross method

1.

11.

111.

1V.

Carefully examine the network and assume reasonable
rates of flow in each pipe such that inflow equals outflow
at each junction.

In each loop, determine the head loss, H and H/Q for all
pipes.

With due attention to sign, compute the total head loss
around each circuits.

Compute 2 H/H for the same circuit without giving any
consideration to sign.

The correction, A is computed for each loop by equation
(9). The minus sign may be disregarded if the correction
so obtained is made by inspection.
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The procedure for Hardy Cross method

vi. Apply the correction to each pipe in each loop. When the
sign of A is negative (-), decrease the clockwise flows and
increase the counterclockwise flows. When the sign is
positive (+), increase clockwise flows and decrease
counterclockwise flows. Pipes that are common to two
loops require double correction.

vii. With adjusted flows, repeat the procedure for the second
approximation. The procedure is continued until the
desired accuracy is attained.
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The water required for public water supply
scheme should be potable or wholesome water i.e.
fit for drinking purposes. It is however not
essential to have physically or chemically pure
water. The presence of some minerals in water is
required to give some taste to the water i.e. to
make it palatable and they also assist in food
assimilation. It will be difficult, time consuming
and costly to have complete purification of the
water.
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The impurities in water are to be removed to a

certain extent only so that it does not prove
harmful to the public health. The term wholesome
water is used to indicate the water which is not
chemically pure, but does not contain anything
harmful to the human body i.e. the water in which
there are no pathogenic bacteria, no toxic
substances and no excessive organic matter. The
term pure water is a relative term and it has to be
interpreted in relation to the use of water.



Water Quality Parametérssand Standards
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~ The standards of water quality parameter depend on the
purposes of use. These parameters are briefly described

as below:

Turbidity: The term turbidity is applied to water
containing suspended matter that interferes with the
passage of light through the water or in which visual
depth is restricted. The turbidity may be caused by a wide
variety of suspended materials which range in size from
colloidal to coarse dispersions, depending upon the
degree of turbulence. Because of the wide variety of
materials that cause turbidity in natural waters, it has
been necessary to use an arbitrary standard. The standard
chosen was 1 mg of SiO, in 1 liter distilled water and the
silica used must meet certain specifications as to particle
size. Now, 1 unit of turbidity =1 mg SiO, /L.



Water Quality Parametérs-and Standards
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Total dissolved solids (TDS): Total dissolved solids

comprise inorganic salts and small amount of organic
matter. The common dissolved mineral salts are
claimed to affect the taste, hardness, corrosion and
encrustation. Dissolved inorganic substances may
exert adverse effects on aquatic animals and plants
and many cause irrigation problem. The amount of
dissolved solid present in water is an important
consideration in its suitability for domestic use. In
general, water with a total solids content of less than
500 mg/l is most desirable for such purposes.



Water Quality Parameterssand Standards
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Depending on the TDS water is often classified as follows:

Excellent TDS < 300 mg/I
Good 300 — 600 mg/I
Fair 600 — 900 mg/I
Poor 900 — 1200 mg/I
Unacceptable TDS > 1200 mg/I




Water Quality Parametérs-and Standards

/

>

Colour: Water become coloured due to addition of various
suspended matter in water. Tannins, acid and humates, from the
decomposition of lignin, are considered to be the principal colour
bodies. Iron is sometimes present as ferric humate and produces a
colour of high potency. Colour caused by suspended matter is
referred to as apparent colour and is differentiated from colour due
to vegetable or organic extracts that are colloidal and which is
called true colour. In water analysis it is important to differentiate
between “apparent” and “true” colour.

Waters containing natural colour are yellow-brownish in
appearance. Through experience, it has been found that solution of
potassium chloroplatinate (K, Pt Cly) tinted with small amounts of
cobalt chloride yield colours that are very much like the natural
colours. The colour produced by 1 mg/L of platinum (as K, Pt Cl) is
taken as the standard unit of colour.



Water Quality Parametérs-and Standards
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Tastes and odour: The words taste and odour are often used
loosely and interchangeably. Actually there are four tastes:
sour, salt, sweet and bitter - strictly confined in their
perception to the taste buds of the tongue. Odours appear to
be without limit in number and are known to change in
quality as the concentration of the odourous compounds, or
the intensity of their small, is varied.

Tastes and odours are associated with (i) decaying organic
matter, (ii) living algae and other microorganisms containing
essential oils and other odourous compounds, (iii) iron and
manganese and other metallic products of corrosion, (iv)
industrial wastes, particularly phenolic substances, (v)
disinfecting chlorine and its substitute compounds and (vi)
biologically nondegradable synthetic organics.
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Temperature: The most desirable range of temperatures for a
public water supply is between 40 and 50°F. Natural waters
are seldom found below 40°F. As the temperature rises above
50°F, the water becomes less palatable and less suited to
certain uses. Temperatures above 8o °F are undesirable, and
above 90° to 95°F the water is unfit for a public supply.

Hydrogen ion concentration, pH: PH is a term used rather
universally to express the intensity of the acid or alkaline
condition of a solution. More exactly, it is a way of expressing
the hydrogen ion concentration. In the field of water supplies,
it is a factor that must be considered in chemical coagulation,
disinfection, water softening and corrosion control. In sewage
and industrial waste treatment employing biological
processes, pH must be controlled within a range favourable to
the particular organisms involved.
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Alkalinity: The alkalinity of water is a measure of its capacity to
neutralize acids. The alkalinity is due primarily to salts of weak
acids and strong bases. Such substances act as buffers to resist a
drop in pH resulting from acid addition. Alkalinity is thus a
measure of the buffer capacity. Three major classes of minerals
cause most of the alkalinity in natural waters: bicarbonate,
carbonates and hydroxides. Other salts of weak acids, such as
borate, silicates and phosphates may be present in small amounts.
A few organic acids, such as humic acid, add to the alkalinity of
natural waters. Excessive or insufficient alkalinity interferes with
water treatment (coagulation).

Specific conductance: The specific conductance of water is the
reciprocal of the resistance in ohms of a column of the water 1 cm
long and having cross section of 1 sq.cm at a specific temperature,
usually 25°C. It is commonly reported in ohms. The specific
conductance is used as a measure of the quality of the water.
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Hardness: Hardness in water is that characteristic which
prevent the lathering of soap. It is caused principally by the
solution in water of carbonates, bicarbonates and sulphates
of calcium and magnesium, although the chlorides and
nitrates of these two elements and sometimes of iron and of
aluminum are effective to a lesser degree in causing hardness.

The term hardness is defined as the ability of the water to
cause precipitation of insoluble calcium and magnesium salts
of higher fatty acids from soap.

Total hardness is expressed in various ways, the standard
practice being in parts per million by weight in terms of
calcium carbonate.
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Various ranges of hardness of water

Class 1 2 3 4

Hardness, ppm 0-55| 56-100 101 —-200 | 201 -300

Degree of hardness| Soft | Slightly hard | Moderately | Very hard
hard
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Classification of hardness: Depending on soap
destroying power hardness is classified as temporary
hardness and permanent hardness.

The temporary hardness is also known as the carbonate
hardness and it is mainly due to the presence of
bicarbonate of calcium and magnesium. It can be
removed by boiling or by adding lime to the water.

The permanent hardness is also known as the non-
carbonate hardness and it is due to the presence of
sulphates, chlorides and nitrates of calcium and
magnesium. It cannot be removed by simply boiling the
water. It requires special treatment of water softening.
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The diagram of carbonate hardness and non-
carbonate hardness is presented in Figure.

HCO, Ca(HCO,),, Mg(HCO,),
Ca Carbonate Hardness
CO
3] —.|caco,, MgCO,
Mg sO, - . CaSO,, MgSO, N
Non-carbonate
cl| — . CaCl,, MgCl, - Hardness
NO;| _ |ca(NO3),, Mg(NO3), | -
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Principal bad effect of hardness: The principal bad effect
of hardness is given below: Enough consumption of soap.

Clogs skin, discolours porcelain, stains and shortens
fabrics, toughens and discolours vegetables.

Gives difficulty in textile and paper manufacture, tannery
and other industrial processes.

Forms scales in boilers, resulting in great heat transfer
losses and danger of boiler failure.
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- Arsenic: In Bangladesh the presence of arsenic in
groundwater was first detected in 1993 at Baroghoria
union of Chapai Nawabganj district. It has been
observed that about one in every three shallow tube
wells is producing water with arsenic in acceptable
limits. The concentration of arsenic in drinking water
in excess of permissible limit is toxic to human body.
According to the WHO guideline value the desirable
maximum concentration of arsenic in drinking water
would be o0.01 mg/l. In Bangladesh the maximum
acceptable concentration in drinking water is
considered to be o.05 mg/l. Symptoms of arsenic
toxicity leading to cancer may occur due to excessive
intake of arsenic in the human body over a longer
period of time.
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" Drinking water standard
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~ Natural water contains impurities in different forms. The
presence of these impurities in excess of acceptable limits
make the water unfit for domestic supplies. The main
objectives of water treatments are to make water potable
i.e. to make water safe to drink, pleasant to taste and
suitable for domestic uses.

Groundwater is usually hard but free from pathogenic bacteria
and can be supplied for drinking purpose without
treatment. Some tubewell water in Bangladesh may
contain iron, arsenic and hardness in excess of acceptable
levels, and may therefore require specific treatment.
Surface water is turbid, colored and contaminated by
pathogenic microorganisms and needs extensive
treatment involving sedimentation, coagulation with
sedimentation, filtration and disinfection.
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- The type of treatment required depends on the physical
chemical and biological characteristics of water. The most
common steps in water treatment are clarification and
disinfection.

Clarification involves removal of suspended and colloidal
particles including color-producing substances by plain
sedimentation, sedimentation with coagulation and
filtration to remove visible impurities and make the water
attractive to the consumers.

Disinfection means destruction of pathogenic organisms to
make the water safe.

Sometimes invisible dissolved minerals and gases present in
groundwater are required to be removed by specific
treatment processes to make the water potable.
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The common water treatment methods are:
)

i) Plain sedimentation,

(
(ii) Coagulation with sedimentation,
(1i1) Filtration and

(

iv) Disinfection.

Some of the treatments process/unit operations for removal of
specific impurities are (i) aeration, (ii) water softening, (iii)
arsenic removal, (iv) iron removal, (v) activated carbon
application (vi) fluoridation and defluoridation, (vii)
demineralization and (viii) desalinization.

One or a combination of more than one treatment method is

employed for water treatment depending on the quality of
raw water.
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Principle of particle settling in water

This is a process causing the organic or inorganic particles
heavier than water to settle by retaining water in a tank or
basin. These particles are held in suspension in natural water
mainly by turbulence or current and when the current is
retarded, the suspended particles settle at the bottom of the
basin.

A particle having specific gravity of more than 1, i.e. heavier
than water, tends to move downward in relatively quiescent
water by the force of gravity, accelerating until the frictional
resistance (drag) of the water equals the gravitational force
acting upon the particle. Thereafter the particle travels with a
constant vertical velocity called the ‘terminal velocity’ or
‘settling velocity’ of the particle.



Plain- Sedimentation
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The settling velocity of the particle depends upon:
Horizontal flow velocity of water
Shape and size of the particle
Specific gravity of the particle

Viscosity of water

Density of water

LU 0O 0O 0O 0O O

Temperature of water
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The settling velocity of spherical particles under laminar flow
conditions is given by the simplified equation:

d 2

Vs = g (S _1) ipeis

18 4

Where, v, is the settling velocity, g is acceleration due to
gravity, S is specific gravity of the particle, d is diameter of
the particle and y is kinematic viscosity of water.
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The above equation is called Stoke’s Law. Stoke’s Law holds
good only for particle size 0.1 c¢cm in diameter and
Reynold’s number 1 or less. For large particles having
diameter greater than 1 cm and Reynold’s number above
2000, Newton’s Law for frictional resistance or drag
applies:

A \/49 (S —1)

3C

Where C, is the Newton'’s coefficient of drag.
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The particles in between the above mentioned size or Reynold’s numbers

are in transition settling. Stoke’s Law is valid for computation of
settling velocity of discrete particles. Discrete particles are those
which do not change size, shape and mass during settling and which
do not influence each other by being too close. Particles settling
under this conditions is called discrete settling.

In case of closely packed particles, the water displaced by the dparticles may

cause additional friction and the settling velocity is reduced. This is
termed as hindered settling. Hidered settling becomes noticeable
when the concentration of suspended solids is greater than 2000
mg/l. This situation of high concentration of suspended solids may
happen in river water during high flooding and heavy rainfall.

Sometimes settling particles may adhere to each other and grow in size and

thus deviate from the settling characteristics represented by Stoke’s
Law. This may occur in settling of algae or freshly formed flock by the
process of flocculation with coagulant. These particles/flocks andy tent
to stick together and form new bigger particles which settle at a faster
rate. This type of settling is calledg j%occulent settling. Discrete, hinder
and flocculent settling are shown in Figure.
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Hmdered settling

e

Flocculent settling

Discrete settling

Distance

Time

Figure: Settling of different types of particles in water
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Design of sedimentation tanks

A rectangular sedimentation tank can be subdivided into four
different areas comprised of an inlet, settling, outlet and
sludge accumulation zones. The inlet zone serves to provide
even flow distribution over the full cross section, the outlet
zone collects the clarified water over the full tank width.
Sludge is accumulated at the tank bottom where it is stored
and removed periodically.

The efficiency of the settling tank in the removal of suspended
particles can be determined using limiting settling velocity v,
of a particle which will just travel the full depth (H) of the
tank within the detention time (T). Using the dimensions and
notations used in Figure, the following equations can be

written: v, = H/Tand T=V/Q = BLH/Q
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from these two equations:
v, = Q/BL = Q/surface area.

Where, Q = flow rate, B, L. and V are width, length and volume
of the sedimentation zone of the settling tank.

— —_
Inflow }(_ ([l Outflow

Figure: Rectangular horizontal flow settling tank
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The tank will remove all the particles having settling velocity
v>v, and the particles with settling velocity v.<v_will be
removed in the proportion v, : v,. The above analysis
shows that the settling efficiency depends on the ratio
between the influent flow rate Q and the surface area of
the tank BL, which is called the “surface loading”. Hence
the efficiency of the settling tank is independent of the
depth of the tank.

The higher the surface area the greater is the efficiency.

Plate settlers and tube settlers have been designed to provide a
larger surface area and achieve higher efficiency.
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Coagulation-and Flocculation—
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The removal of very fine light colloidal impurities from water
is difficult to achieve in practice by the process of plain
sedimentation. This can be greatly expedited by the
addition to water of certain chemical compound which
where thoroughly mixed form wooly masses of flocculent
precipitate enmeshing the suspended particles become
heavier and finally settle out. These substances are called
coagulants and their process of action is coagulation.



Coagulation-and Flocculation—=
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Principle of Coagulation

1.

11.

Flock formation: When coagulants are dissolved in water
and thoroughly mixed with it, they produce a thick
gelatinous precipitate. This precipitate is known as the
flock and this flock has got the property of arresting the
suspended impurities in water during its downward travel
towards the bottom of tank.

Electric charges: The ions of flock are found to possess
positive electric charge. Hence they will attract the
negatively charged colloidal particles of clay and thus they
cause the removal of such particles from water.



Coagulation-and Flocculation—
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Factors Influencing Coagulation

Many factors influence the coagulation of waters. Among
them, the following are important:

i. Kind of coagulant
ii. Quantity of coagulant

iii. Characteristics of water (suspended matter, pH and
temperature) and

iv. Time of mixing, flocculation and coagulation.



Coagulation-and Flocculation—=
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Dosage of Coagulants
This depends upon number of factors such as:
i. Turbidity of water
ii. Colour of water
iii. pH value of water

iv. Time of settlement and

v. Temperature of water



Coagulation-and Flocculation——=
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Chemical Reactions

1. Al, (SO,), +3Ca(HCO,), = AL(OH), + 3CaSO, + 6CO,

2. FeSO, + Ca(HCO,), = Fe(HCQO,), + CaSO,
Fe(HCO,), + 2Ca(OH) = Fe(OH), + 2CaCO, + 2H,0
4Fe(OH), + O, + H,0 = 2Fe(OH),
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The process of passing the water through the beds of granular
materials is known as the filtration.

The filtered water is potable and palatable and it is free from
various undesirable impurities like colour, odour,
turbidity, pathogenic bacteria, etc.

During the process of filtration, the following effects occur on
water:

i. The suspended and colloidal impurities which are present
in water in a finely divided state are removed to great
extent.

ii. The chemical characteristics of water are altered.

iii. The number of bacteria present in water is also
considerably reduced.
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The theory of filtration

[t can be explained based on the following four actions:

1.

1.

Mechanical straining: The suspended particles which are
unable to pass through the voids of sand grains are arrested and
removed by the action of mechanical straining.

Sedimentation: The voids between the sand grains of filter act
more or less like small sedimentation tanks. The particles of
impurities, arrested in this voids, adhere to the particles of sand
grains mainly for the following two reasons:

a. Due the presence of a gelatinous film or coatinﬁ developed on
sand grains by previously caught bacteria and colloidal matter;

b. Due to the physical attraction between the two particles of
matter.

Thus the suspended impurities are removed by filter by the action of

sedimentation.



/
111.

1V.
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Biological metabolism: The growth and life process of the
living cells is known as the biological metabolism. When
bacteria are caught in the voids of sand grains, a zoological
jelly or film is formed around the sand grains. This film
contains large colonies of living bacteria. The bacteria
feed on the organic impurities contained in water. They
convert such impurities into harmless compounds by the
complex biological reactions.

Electrolytic changes: When two substances with opposite
electric charges are brought into contact with each other,
the electric charges are neutralized and in doing so, new
chemical substances are formed.



Classification of Filters
i. Slow sand filter
ii. Rapid sand filter

iii. Pressure filter

Filters

Gravity Filters Pressure Filters

Slow Sand Filter Rapid Sand Filters
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Slow sand filter: A slow sand filter consists of the
following parts:

Made of brick masonry coated with waterproof
material.

Bed slope is about 1 in 100 to 1 in 200 toward the central
drain.

Depth of tank is about 2.5 m to 3.5 m.

Surface area vary from 30 m? to 2000 m? even more.
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Slow sand filter: A slow sand filter consists of the following
parts:

Under drainage system:

a. Consists of central drain and lateral drains.

b. Spacing of lateral drain is about 2.5 m to 3.5 m
Base material:

The base material is gravel and it is placed on the top of under
drainage system.

Its depth varies from 300 mm to 750 mm in a graded layer of
150 mm from bigger size at the bottom to smaller size of
gravel at topmost layer.
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Slow sand filter: A slow sand filter consists of the following
parts:

Layer Depth (mm) Material size (mm)
Topmost 150 3to6
Intermediate 150 6 to 20

150 20 to 40
Lowest 150 40 to 65
Total 600




Slow sand filter: A slow sand filter consists of the following

parts:

Filter media of sand:

d

J
J
J

U

Depth of sand layer — 600 to goo mm
Effective size - 0.20 mm to 0.30 mm
Uniformity coefficient - 2 to 3

The finer the sand, the better will be the efficiency of filter
regarding removal of bacteria.

But in this case, the output from filter is lowered.
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Slow sand filter: A slow sand filter consists of the following
parts:

Appurtenances:

0 Vertical air pipe passing through layer of sand. It helps in
proper functioning of filtering layers.

(1 The device for measuring loss of head, for controlling

depth of water above sand layer and for maintaining rate of
flow.

d In order to maintain a constant discharge through the
filter, an adjustable telescopic tube is usually adopted.
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Rules for designing under drainage system

d

d

The ratio of length of lateral drain to its diameter should not
exceed 20.

The cross-sectional area of central drain should be about twice the
cross-sectional area of lateral drain.

The total cross-sectional areas of perforations should be about
0.20% of the total filter area.

The cross-sectional area of a lateral drain should be about 2 to 4
times the total cross-sectional areas of perforations in it.

The perforations in the lateral drain should be of diameter 6 mm to
12 mm.

The spacing of perforations in the lateral drain should vary from 75
mm to 200 mm centre to centre.



a
Rapid sand filter:

Base material:

The base material is gravel and it is placed on the top of under
drainage system.

The gravel to be used for base material should be cleaned and
free from clay, dust, silt and vegetable mater.

The gravel particles should be durable, hard, round and strong.

Its depth varies from 450 mm to 600 mm in a graded layer of
150 mm from bigger size at the bottom to smaller size of

gravel at topmost layer.



Layer
Topmost

Intermediate

Lowest
Total

Filtrationmsme =

Depth (mm) Material size (mm)

150 3to6
150 6 to 12
150 12 to 20
150 20 to 40
600




Base material of
gravel

Coagulation

Compactness

Construction

Cost of operation

Economy

Efficiency

Loss of head
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SSF

Varies from 3 to 65 mm in size
and 300 to 750 mm in depth.

Not required

Required large area for its
installation

Simple

Low

High initial cost of both land
and material

Very efficient in the removal of
bacteria but less efficient in the
removal of colour and turbidity.

150 mm to 750 mm

RSF

Varies from 3 to 40 mm in size
and 600 to goo mm in depth.

Essential

Required small area for its
installation

Complicated as underdrainage
system is to be properly designed
and constructed.

High

Cheap and quite economical.

Less efficient in the removal of
bacteria but more efficient in the
removal of colour and turbidity.

3mto3.5m




Filter material of
sand

Flexibility

Period of cleaning

Method of cleaning

Rate of filtration

Skilled supervision

Suitability

Filtration™ese... =

SSF

RSF

Effective size varies from 0.2 to Effective size varies from 0.35 to

0.3 mm and uniformity
coefficient is about 2 to3.

Not flexible for meeting
variation in demand

1 to 3 months

Scraping of top layer of 15 mm
to 25 mm thickness. Long and
laborious method.

100 to 200 L/hr/m?2 of filter
area

Not essential

Suitable for small
towns/villages where land is
cheap.

0.6 mm and uniformity
coefficient is about 1.2 to 1.7.

Quite flexible for reasonable
fluctuations in demand.

2 to 3 days

Agitation and back-washing with
or without the help of
compressed air. Short and speedy
method.

3000 to 6000 L/hr/m? of filter
area

Essential

Suitable for big cities where land
is high and demand of water is
considerable.
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A filter is enclosed in space and the water passes under pressure
greater than atmospheric pressure. This pressure can be
developed by pumping and it may vary from 0.3 to 0.7
N/mm?2.

Construction: It is closed steel cylinders either horizontal or
vertical. The diameter varies from 1.5 to 3.0 m and length or
height varies from 3.5 m to 8.0 m. The manholes are
provided at top for inspection.

Working: The water mixed with coagulant is directly admitted
to the pressure filter. Thus the flocculation takes place
inside the filter itself. In normal working condition, all
valves are closed except those for raw water and filtered
water. Filtered water is collected in storage tank through
central drain.
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Cleaning: The compressed air may be used to agitate sand
grains. The valves for raw water and filtered water are in
closed position and those for wash-water and wash-water
drain are in open position. The cleaning of pressure filters
may be required more frequently.

Rate of filtration: The rate of filtration of pressure filters is high
as compared to that of rapid sand filters. It is about 6000 to
15000 litres/hr/m? of filter area as compared to that of 3000
to 6000 litres/hr/m? of rapid sand filters.

Efficiency: Less efficient than the rapid sand filters in terms of
bacterial load, colour and turbidity.

Suitability: Not suitable for public water supply project.
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Advantages:

d
4

U

U OO0 0O

The unit is compact.

Modern filter unit does not require manual operation and
supervision.

Flexible in operation because the rate of filtration can be
altered by changing the compressed air pressure.

Dose not require further pumping as the filter water comes
out under pressure.

It is ideal for small estate.
Require less number of fittings.
Require small space for installation.

The sedimentation and coagulation tanks are not required.
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Disadvantages:

d

U OO

L

It is difficult to keep close watch on the performance.
It is difficult to repair.
The overall capacity is small.

They are costly and hence they cannot be recommended for
treating large quantity of water.

They posses poor efficiency in the removal of bacteria and
turbidity.

They require additional pumps for pumping the water in
them.
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Disinfection of'water
% water should be disinfected before it enters the distribution

system. The main purpose of disinfection is to prevent
contamination of water during its transit from the
treatment plant to the place of its consumption.

Disinfection is the process of destruction of pathogenic bacteria
which is harmful for health.

On the other hand, Sterilization is the process of destruction
and removal of all harmful or harmless bacteria.

The destruction and removal is brought about in several ways:

i. Physical removal through coagulation, sedimentation and
filtration

ii. Natural die-away of the organisms in an unfavorable
environment during storage,

iii. Destruction by chemicals
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ﬂ materials or substances which are to be used for

1.

111.

1V.

VI.

disinfection are called the and the requirement
of a good disinfectant are as follows:
Its dose should be such that some residual concentration is

obtained to grant protection against contamination in the water
during its conveyance and retention.

It should be effective in killing all the harmful pathogenic
organisms from the water and make it perfectly safe for use.

It should be harmless, unobjectionable, economical and easily
available.

It should be of such a nature that its strength or concentration in
the treated water can be quickly determined.

It should not require skilled labour and costly equipment for its
application.

[t should take only reasonable time in killing the harmful
pathogenic organisms at normal temperature.



Disinfection of'water
~Minor methods of disinfection:
i. Boiling method

ii. Excess Lime treatment

iii. lodine and bromine treatment
iv. Ozone treatment

v. Potassium permanganate

vi. Silver treatment

vii. Ultra-violet ray treatment

In addition to the above chemicals, certain other chemical
agents can also be used as disinfectants and they include
alcohols, soaps and synthetic detergents, dyes, hydrogen
peroxide, various alkalies and acids, etc.
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Following factors must be considered in
applying the disinfection agents:

1.

ii. Contact time

111.

iv. Nature of suspending liquid
V.

vi. Temperature
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Disinfection of water

=

It is the treatment for disinfection by applying chlorine. It is

11.

111.

1V.

V1.

widely used in large scale because of the following factors:

It is easy to apply due to relatively high solubility of about
7000 mg/L.

It is readily available as gas, liquid or powder.

It is very toxic to most of the microorganisms and thus
metabolic activities are stopped.

It leaves harmless residue in solution, but it provide
protection in the distribution system.

[t produces desired effects which last for a long time.
The treatment by chlorination is cheap and reliable.
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When chlorine is added to water , it reacts according to the
following equation:

Cl2 + H20 < HOCI + HCI
HOCI| < H*+ OCI

The hypochlorous acid HOCI dissociates by a reversible
equation into hydrogen ions. Both hypochlorous acid
HOCI and hypochlorite ions Ocl are responsible for the
disinfection of water.

The action of chlorine is dependent to the pH value of water.

The disinfection by chlorine is rapid when pH value of water is
below 7.00.



Residual Chlorine, mg/!

Zone 1
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No Demand

Lin \

Free
Residual
Chlorine
Break Point

Applied Chlorine, mg/I
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Zone-1: Destruction of chlorine by reducing compounds.

Zone-2: Formation of chloro-organic compounds and
chloramines.

Zone-3: Destruction of chloro-organic compounds and
chloramines.

Zone-4: Formation of free available chlorine.

The addition of chlorine at the break (or dip) is termed
as or free residual
chlorination.
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Post Chlorination: Chlorine is generally applied after all other
treatments have been given to the water supply. This may be
termed as post chlorination.

Pre-chlorination: It is the application of chlorine before
filtration. Pre-chlorination reduces the bacterial load on
filters resulting in increase filter runs, and oxidized
excessive organic matter thus removing taste and odour.

Double chlorination: It is the application of chlorine at two
points in the treatment process. It is essentially pre-
chlorination and post chlorination.
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The advantages of double chlorination are:

i. Decrease load on the filter

ii. Greater removal of bacteria

iii. Greater factor of safety due to maintaining two chlorination

iv. Control of algae and slimy growth in coagulating basins and
filters.

Super chlorination: It is the application of chlorine to water of
an excess amount of chlorine. The method is effective in
destroying high concentration of tastes and odours in
water. Bacterial removal is also high.



Iron and Manganese Removal.from-water
/
[ron present in water either as or
Manganese is often associated with the iron present in

water. Iron and Manganese when present in amounts
greater than 0.3 ppm are objectionable because of

i. unpleasant taste and odour
ii. colouring of water

iii. deposits of iron precipitations in pipes.



Iron_ and- Manganese_ Removal.-from-water
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Removal process

It is an effective method in precipitating out iron when present as
and subsequent removal through the process at
sedimentation and filtration.

If, however, iron is present as , it would be necessary to add
lime.

The zeolite bed is made of manganese zeolite obtained by
treating the base exchange material with manganese sulfate
and potassium permanganate.

Some times chlorination employed either alone or in combined
with aeration.
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There are three general methods used for water softening:

This process reduces only carbonate
hardness. The principle involved is to neutralize the CO2
with Ca(OH)z2, forming normal carbonates which precipitate
out when present in excess and are removed by
sedimentation and filtration. This process in known as Clark
Process.

Reactions

CO2 + Ca(OH)2 = CaCO3 + H20

Ca(HCO3)2 + Ca(OH)2 = 2CaCO3 + 2H20
Mg(HCO3)2 + Ca(OH)2 = CaCO3 + MgCO3 + 2H20



Softening of'water..

Lime has no effect on
sulphates of Ca and Mg, which are responsible for causing
most of the non-carbonate hardness found in natural
water. However, by the use of soda ash (Na2COs3), the
non-carbonate hardness can be removed.

/ |

Reactions

(i) CaSO, + Na,CO, = CaCO, + NaSO,

(i) MgSO, + Ca(OH), = Mg(OH), + CaSO,
CaS0, + Na,CO, = CaCO, + NaSO,



Softening of'water..
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In this process, hard water is passed through a bed of zeolite sand
(complex silicates of aluminium and sodium) whereby it
exchanges its Ca and Mg for the Na in zeolite until Na become
exhausted.

Reactions

CaSO4

MgSO4 Na,CO,
MgCO3 + Na,Al(SiO,), = [Ca/Mg]AI(SiO,), + Na,SO,
CaCOs3 2NaCl
CaCl

[Ca/Mg]AI(SiO3)2 + 2NaCl = Na2AI(SiO3)2 + [CaCl/MgCl]



e
There are so many processes of removing salts from the
water. These are:

i. Distillation

ii. Freezing

iii. Demineralization

iv. Electrodialysis

v. Membrane filtration



Arsenic_ Removal
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Co-precipitation and Adsorption Processes

Water treatment with coagulant such as Al,(SO,),.18H,0, FeCl,,
Fe,(SO4),.7H,0 are effective in removing arsenic from water.

In the coagulation-flocculation process Al2(S0O4)3.18H20, FeCl2
or Fe2(S0O4)3.7H20 is added and dissolve in water under efficient
stirring for at least 1 minute micro-flocs are formed rapidly.

The water is then gently stirred for few minutes for agglomeration
of micro-flocs into larger, easily settable flocs.

During this flocculation process al kinds of micro-particles and
negatively charged ions are attached to the flocs by electrostatic
attachment.

Arsenic is also adsorbed onto coagulated flocs.
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Co-precipitation and Adsorption Processes
Oxidation of As(III) to As(v):

H,AsO, + HOCl = HAsO, ~ + Cl- + 3H*

3H,AsO, + 2KMnO, = 3HAsO, = + 2MnO,* + 4K* + H,O
Alum dissolution:

AL(S0O,),18H,0 = 2Al*** + 350,** +18H,0

Aluminium precipitation (acidic):

2Al*** + 6H,0 = 2AI(OH), + 6H*

Co-precipitation:

H,AsO,” + AI(OH), = Al-As (complex) + Other products

Arsemc adsorbed on AI(OH), as Al-As complex is removed by
sedimentation. Filtration may also be required to ensure complete
removal of all flocs.



Arsenic Removal

Other Methods of Arsenic Removal

i. Lime treatment

ii. Naturally occurring iron

iii. Sorptive media (Activated alumina, AL,O,)
iv. Ion exchange

v. Membrane techniques

vi. Microbial process

vii. Chemical packages

viii. Cartridge filters
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Lime treatment

d

d

L

Water treatment by addition of CaO or Ca(OH)2 also removes
arsenic.

The precipitated Ca(OH)2 acts as a sorbing flocculent for
arsenic.

The arsenic removal by lime is relatively low, usually between
40 to 70%.

The highest removal is achieved at pH 10.6 to 11.4.

Obviously water treated by lime would require secondary
treatment in order to adjust pH to an acceptable level.



Arsenic Removal
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Naturally occuring iron

d

The iron precipitates [Fe(OH)3] formed by oxidation of
dissolved iron [Fe(OH)2] present in ground water have an
affinity for the adsorption of arsenic.

Only aeration and settling of tubewell water rich in dissolved
iron has been found to remove up to 25% of the arsenic
present.

The iron removal plants (IRPs) in Bangladesh constructed on
the principles of aeration, sedimentation and filtration have
been found to remove arsenic without any added chemical.

The conventional IRPs more or less work as arsenic removal
plants (ARPs) as well.
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Arsenic Removal

Sorptive media (Activated alumina, AL, O,)

d

d

Activated alumina, Al,O, having a good sorptive
surface, is an effective medium for arsenic removal.

When water passes through a packed column of
activated alumina, the impurities, including arsenic,
present in water are adsorbed on the surfaces of
activated alumina grains.

The column become gradually saturated with
impurities and needs to regenerate.



Arsenic Removal
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[on exchange

) This process is similar to activated alumina, but the
medium is a synthetic resin of more well-defined ion
exchange capacity.

0 The process is normally used for removal of specific
undesirable cations or anions from water.

J As the resin become exhausted, it needs to be
regenerated.

Arsenic exchange:

2R-Cl + HAsO4 = R2HAsO4 + 2Cl
Regeneration:

R2HAsO4 +2Na + 2Cl = 2R-Cl + HAsO4 + 2Na
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Membrane Techniques

(J Membrane techniques like reverse osmosis and
electrodialysis are capable of removing all kinds of
dissolved solids including arsenic from water.

1 In this process water is allowed to pass through special
filter media which physically retain the impurities
present in water.

(1 The water, for treatment by membrane techniques,
must be free from suspended solids and the arsenic in
water must be in pentavalent form.



Arsenic Removal
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Microbial process

Microbial removal of aresenic is based on:

J Microbial oxidation of As(IIl) to As(V) to facilitate its
removal by conventional arsenic removal process.

 Bio-accumulation of arsenic from the surrounding
water environment.

There are number of micro-organisms capable of
oxidizing arsenic at neutral pH. The common iron
bacteria used to oxidize ferrous iron to ferric iron can
oxidize as well as absorb arsenic. Removal of trace
metals from water through accumulation in algae is
well-recognized.



Arsenic Removal
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Chemical packages

1 Different types of chemical packages are available in
the form of tea bags, small packets and powder form
for the removal of arsenic from drinking water.

d The principles involved in arsenic removal by these
chemicals involve oxidation, sorption and co-
precipitation.



Arsenic Removal
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Cartridge filters

Filter units with cartridges filled with sorptive media or
ion-exchange resins are already available in market.

) These units remove arsenic like any other dissolved
lons present in water.

d These units are not suitable for water having high
impurities or containing iron.

 Presence of iron having higher affinity than arsenic
can quickly saturate the media, requiring regeneration
or replacement.

[ The initial and operating costs are high and beyond
the reach of the common people.
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Leak Detection

J Early detection of invisible leaks in a water
distribution network is of great significance to
most water utilities.

J The delay in detection and repair of a failed water
main can lead to a large amount of water loss and
serious damage to infrastructure near the failure.

J The control of water leaks in water distribution
networks represents a critical issue for all utilities
involved in drinking water supply.



Leak Detection

Methods of Leak Detection
(] Head Loss Ratios
 Vibration monitoring

J Sound monitoring

dWater Audits
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Leak Detection

Water Audits

Water audits determine the amount of water loss in the
distribution system. They can be performed on a network-
wide basis or district by district.

Network-wide audits provide an overall picture of water
losses in the distribution system as a whole. These audits
require detailed accounting of water flow into and out of the
distribution system, usually based on past meter records and
flow meter accuracy checks.

The comprehensive nature of network-wide audits entails
significant effort, especially for large systems.



Leak Detection

For district audits, the distribution system is divided into
small districts or zones having approximately 20 to 30 km of
water main.

Districts are isolated individually by turning off the
appropriate valves except at control points where portable
flow meters are installed to measure water flow over a 24-
hour period.

To determine if excessive leakage exists, the ratio between
the nighttime minimum rate and the average daily rate of
water flow is compared to “normal” ratios or to previously
measured ratios of the same district.

Flow rates from any 24-hour commercial use should be
subtracted from the measured flow rates.



Leak Detection

Alternatively, if all service connections in the water system
are metered, more accurate information about leakage can
be obtained by monitoring water flow and usage in the
isolated district over an extended time period.

Areas of excessive leakage in a district can be bracketed by
“step testing.”

This is done by subdividing the district itself and then
measuring flow rates while turning off valves to cut off
different subdivisions in succession.

A significantly lower flow rate indicates excessive leakage in
the last subdivision that is shut off.



Leak Detection

Leak-Detection Surveys

>

In areas that have been identified as having excessive
leakage, leaks are commonly pinpointed using acoustic
devices.

These devices detect the sound or vibration induced by
water leaking from pressurized pipes.

Leak sounds are transmitted through the pipe itself over
significant distances (depending on pipe size and type),
and through the surrounding soil in the immediate area
of the leak.



Leak Detection

Leak-Detection Surveys

>

Initially, leak detection crews roughly bracket leaks in water-
distribution systems by listening on all accessible contact
points with the distribution system such as fire hydrants and
valves.

Suspected leaks are then pinpointed by listening on the ground
surface directly above the pipe at very close intervals (about 1
m).

Alternatively, suspected leaks can be pinpointed automatically
by using modern leak noise correlators, which have become
popular in recent years.

Normally, leak noise correlators are more efficient and more
accurate than listening devices.



Leak Detection

Leak-Detection Surveys

(d Leaks could also be detected using several non-acoustic
techniques such as tracer gas, infrared imaging, and
ground-penetrating radar.

d The use of these techniques for this purpose, however,
is still very limited and their effectiveness is not as well
established as that of acoustic methods.



Detection Equipment and Techniques

Listening Devices

(d These devices include listening rods, aguaphones, and
geophones or ground microphones, and may be either
mechanical or electronic.

d They use sensitive mechanisms or materials such as
piezoelectric elements to sense leak-induced sound or
vibration.

d Modern electronic devices have signal amplifiers and
noise filters to make the leak signal stand out.

d The operation of |listening devices is usually
straightforward, but their effectiveness depends on the
experience of the user.



Detection Equipment and Techniques
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Leak Noise Correlators

These are portable microprocessor-based devices that pinpoint
leaks automatically based on the cross-correlation method
(Figure 1).

In this method, acoustic leak signals are measured with
vibration sensors or hydrophones at two pipe contact points
(usually fire hydrants or valves) that bracket the location of a
suspected leak.

Leak signals are transmitted from the sensors to the correlator
wirelessly.

The leak is in most cases located asymmetrically between
measurement points and consequently there is a time lag
between the measured leak signals.
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Leak Noise Correlators

The time lag is found from the cross-correlation function of the
leak signals.

In the presence of a leak, the cross correlation function has a
distinct peak at the time shift between leak signals.

The location of the leak is calculated based on an algebraic
relationship between the time lag, the sensor-to-sensor
distance, and the propagation velocity of sound waves in the
pipe (Figure 2).

The distance between sensors is measured on site or read from
distribution system maps.

Propagation velocities for various pipe types and sizes are
usually available in most commercial devices, or they can be
measured easily on site.



Leak Noise Correlators

A leak noise correlator is a
portable microprocessor-
based device that pinpoints
leaks automatically.

Figure -1



Leak Noise Correlators

Cross-correlator

. RF transmitter

Arrival time of signal @ =T, =L, /V, where V is sound propagation velocity in pipe
Arrival time of signal @ =T, =L,/ V

Time lag between signals @ and @ = AT =T,—T,; ={L, —L}/V

L,=D—L, = AT=(D—-2L,)/V = L,=(D-VAT)/2

Figure -2



Leak Detection

Tracer Gas Technique

d With this technique, a non-toxic, water insoluble and
lighter-than-air gas, such as helium or hydrogen, is
injected into an isolated segment of a water pipe.

(d The gas escapes at a leak opening and then, being lighter
than air, permeates to the surface through the soil and
pavement.

d The leak is located by scanning the ground surface directly
above the pipe with a highly sensitive gas detector.



Leak Detection

Thermography

The principle behind the use of thermography for leak
detection is that water leaking from an underground pipe
changes the thermal characteristics of the adjacent soil, for
example, making it a more effective heat sink than the
surrounding dry soil.

The resulting thermal anomalies above pipes are detected
with handheld, or vehicle or airplane-mounted infrared
cameras.



Leak Detection

Ground-penetrating Radar

@

Radar can be used to locate leaks in buried water pipes either
by detecting voids in the soil created by leaking water as it
circulates near the pipe, or by detecting segments of pipe
which appear deeper than they are because of the increase in
the dielectric constant of adjacent soil saturated by leaking
water.

Ground-penetrating radar waves are partially reflected back to
the ground surface when they encounter an anomaly in
dielectric properties, for example, a void or pipe.

An image of the size and shape of the object is formed by
radar time-traces obtained by scanning the ground surface.

The time lag between transmitted and reflected radar waves
determines the depth of the reflecting object.
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Solar Still Background

The first known use of stills dates back to 1551 when it was used by
Arab alchemists. Other scientists and naturalists used stills over the
coming centuries including Della Porta (1589), Lavoisier (1862), and
Mauchot (1869).

The first "conventional" solar still plant was built in 1872 by the
Swedish engineer Charles Wilson in the mining community of Las
Salinas. This still was a large basin-type still used for supplying fresh
water using brackish feedwater to a nitrate mining community. The
plant used wooden bays which had blackened bottoms using
logwood dye and alum. The total area of the distillation plant was
4,700 square meters. On a typical summer day this plant produced
4.9 kg of distilled water per square meter of still surface, or more
than 23,000 liters per day. This first stills plant was in operation for
40 years!



Solar Stills

Emergency Survival Tool

Fortunately, there is an emergency survival technique for
gathering water from our driest deserts during their most
brutal seasons. It is commonly known as the solar still.

Make your own distilled water from stream or lake water, salt
water, or even brackish, dirty water, using Solar Still Plans. With
just a few basic building materials, a sheet of glass and some
sunshine, you can purify your own water at no cost and with
minimal effort.



Solar Still Background

Still Operation

d A solar still operates on the same principle as
rainwater: evaporation and condensation.

d The water from the oceans evaporates, only to
cool, condense, and return to earth as rain.

d When the water evaporates, it removes only

pure water and leaves all contaminants
behind.

1 Solar stills mimic this natural process.



Solar Stills

The solar still functions under the general principle of the
"greenhouse effect". Solar energy heats the ground by passing
through a clear plastic barrier. Moisture from the soil then
evaporates, rises and condenses on the underside of the
plastic barrier above.

The still also has the ability to purify tainted water. In fact, it
condenses pure water from just about anything. Even urine will
produce clean, drinkable water.

CAUTION: One fluid never to be used is radiator fluid, as its
toxins will vaporize and poison the water.



How to Make a Solar Still

Example-1:
Materials

There are only 2 essential components to constructing the solar still-
a container to catch the water and a 6 x 6-foots sheet of clear plastic.
A shovel or trowel, a length of plastic tube and tape are all optional.

The container can be a collapsible cup, an empty plastic bottle, a
small cooking pot or just about anything with a large enough opening
to catch falling drops of water.

The sheet of clear plastic can be a ground cloth used under tents
when backpacking or a thin painting drop cloth. Both work well as
long as there are no tears or holes.

A 6-foot length of flexible plastic tubing will allow you to drink
accumulated water without needing to break down the solar still,
inevitably affecting its efficiency.



How to Make a Solar Still

Construction

*»*Dig a pit approximately 4 feet wide and 3 feet deep. Use a shovel,
hand trowel, a digging stick or even your hands in soft soil or sand.
Look for a sandy wash or a depression where rainwater might
collect.

**In the center of the pit, dig another small hole deep enough for
the water container.

**Place the container inside, then run the tubing from the container
to the outside of the pit. If there is tape available, tape the tubing to
the inside of the container.

**Blanket the pit with the plastic sheet, evenly on all sides, but not
touching the bottom of the pit. Anchor the corners with rocks.



How to Make a Solar Still

Construction

**Find a small rounded rock to place in the center of the
sheet, over the water container. This will keep the plastic
centered and control any flapping from the wind. Gently
push down on the center weight until the sides slope to a
45° angle.

*Next, secure the edges of the plastic sheet with rocks
and dirt. Make sure there are no places where moisture
can escape.

**Close the tubing end with a knot, or double it and tie it
closed.



How to Make a Solar Still

Within two hours, the air inside the still will become saturated with
moisture and begin to condense onto the underside of the plastic
sheeting. Because of the angle of the plastic, water will run down
towards the center. Finally, drops will gather and fall from the apex
down into the water container. As the container fills, simply sip
fresh, sterile water from the plastic tubing.




How to Make a Solar Still

The solar still only takes about an hour to build. If constructed
correctly, it can yield about a quart of water a day. And
although the palm trees may be noticeably absent, you will
have made your very own oasis in the desert, quicker than
Hollywood could.

CAUTION: Solar stills are not a primary water source, nor a
substitute for carrying adequate amounts of water in the

desert. Always carry a minimum of one gallon per day per
person.



How to Make a Solar Still

Example-2

A solar still works like a salt evaporation pond, except
that the water that invisibly evaporates is extracted
from the air; the minerals and other impurities are
left behind and discarded. As the hot, moisture-laden
air rises up to the slanting sheet of relatively cool
glass sealed to the box, water condenses out in the
form of small droplets that cling to the glass. As these
droplets get heavier, they roll down the glass to the
collector tube at the bottom and then out to the jug.



How to Make a Solar Still

The box is built from 3/4 "
BC-grade plywood, painted
black on the inside to
absorb heat. We used a
double layer of plywood on
the sides to resist warping
and to help insulate the box,
with an insulated door at
the back and a sheet of glass
on top.
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How to Make a Solar Still

Example-3

We chose to paint the inside black and use two large glass
baking pans to hold the water. Glass baking pans are a safe,
inexpensive container for dirty or salty water, and they can
easily be removed for cleaning. We used two 10 x 15" pans,
which hold up to 8 quarts of water when full. To increase the
capacity of the still, just increase the size of the wooden box
and add more pans.

The operation of the distiller is simple. As the temperature
inside the box rises, water in the pans heats up and
evaporates, rising up to the angled glass, where it slowly runs
down to the collector tube and then out to a container.



How to Make a Solar Still

Example-3

The runoff tube is made from 1" PEX tubing. Stainless steel can
also be used. However, use caution with other materials—if in
doubt, boil a piece of the material in tap water for 10 minutes,
then taste the water after it cools to see if it added any flavor.
If it did, don’t use it.

Turn undrinkable water into pure, crystal-clear distilled water
with a home-built solar still.

View step-by-step photos of how to make a solar still in the
Image Gallery as well as this PDF of the DIY Solar Still Plans.
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How to Make a Solar Still

Example-3
1. Mark and cut the plywood pieces according to the cutting

list. Cut the angled end pieces with a circular saw or tablesaw
set to a 9 degree angle.

2. Cut the insulation the same size as the plywood base, then
screw both to the 2 x 4 supports with 2 1/2" screws.

3. Screw the first layer of front and side pieces to the base and
to each other, then add the back piece. Predrill the screws with
a countersink bit.

4. Glue and screw the remaining front and side pieces on,
using clamps to hold them together as you predrill and screw.
Use 1 1/4" screws to laminate the pieces together and 2"
screws to join the corners.
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How to Make a Solar Still

Example-3

5. Glue and screw the hinged door pieces together, aligning
the bottom and side edges, then set the door in position and
screw on the hinges. Add a pull or knob at the center.

6. Paint the inside of the box with black high-temperature
paint. Cover the back and the door with reflective foil glued
with contact cement. Let the paint dry for several days so that
all the solvents evaporate off.

7. Apply weatherseal around the edges of the hinged door to
make the door airtight.

8. Drill a hole for the PEX drain. The top of the PEX is 1/2"
down from the top edge. Clamp a scrap piece to the inside so
the drill bit doesn’t splinter the wood when it goes through.



How to Make a Solar Still

Example-3

9. Mark the first 19" of PEX, then cut it in half with a utility
knife. Score it lightly at first to establish the cut lines.

10. Drill three 1/8" holes in the side of the PEX for screws,
then insert the PEX through the hole. Butt it tight against the
other side, then screw it in place, sloping it about 1/4".

11. Wipe a thick bead of silicone caulk along the top edge of
the PEX to seal it against the plywood.

12. Shim the box level and tack a temporary stop to the top
edge to make it easy to place the glass without smearing the
caulk. Spread a generous bead of caulk on all the edges, then
lay the glass in place. Tape it down around the edges with
painter’s tape, then let it set up overnight.
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CHAPTER - 12
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SOCIAL FACTORS ON WATER SUPPLY AND SANITATION

Introduction

12.1 Socio-Economic aspects of WSS

The socio-economic factors of an area, a community or the country as a whole are considered very
much essential elements in planning and designing the development projects. Development efforts
obviously target a section of people; a particular community or area based masses. It is, therefore, j8°
an urgent issue to know the clientele’s socio-economic status, need of the clienteles, demands of
them, their absorptive capacity, the gender issues involved and the potential adverse impact on
vulnerable groups. If these factors are known to the planners, decision-makers and project

designers, it becomes easier to set the project goal, target and strategic approaches.

12.2 Socio-Economy of rural and urban Bangladesh

With an area of only 144000 sq.kms: and a population of 130 million, Bangladesh is one of the most
densely populated countries of the world (WB, 1997). In this semitropical, predominantly rural
country about 48% of rural and 44% of the urban population live below the poverty line, a reduction
by almost half from 15 years ago (BBS 1993). Per capita Gross National Product in 1993 was
US$220 (WB, 1993). Household spend 59% of their income on food, and 60% of children below 5

years of age are malnourished (WB). The country ranked 147 out of 173 countries in the world as

per UNDP human development index.

The annual growth of the Gross National Product in the 1980 — 1991 period exceeded the
population growth rate and averaged 4.3%, an increase from 2.3% in the previous decade (WB,
1993). While agricultural production averaged 2.6% growth annually during that period, its share

shrank from 55% to 36% of GDP, while industry grew from 9% to 16% and services from 37% to
48% IWB, 1993).

12.3 Demographic characteristics

The population in1996 was approximately 111 million, and expected to grow to 131 million by the
year 2000. Already an estimate shows that it has further increased to 121.8 million of which 62.4
million male and 59.4 million female (estimated as on J anuary 1996). The overall growth rate has

dropped from 2.7% in 1970 — 1980 to 2.2% between 1980 — 1991 and 1.84% (estimated as on
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12.4 Power structure

12.5 Cultural issues (traits)

2. il :
6 Influence of socio-economic aspects on community water supply and sanitation
12.7 Rural leadership

12.8 Local government structure

Local administration is called the local government. Local government structure is framed in four
> stages. These are started from root level: village level, union level, upa-zila (thana) level and zila

(district) level administration. There are roughly 85650 villages, about 4450 unions, about 470 upa-

zilas outside the city corporation areas and 64 zilas in Bangladesh.

The Zila parishad (district councils) are involved in planning, implementation and monitoring of
development activities in districts, including approval of plans from the thana level. Thana Unnayan
Samannay Committees (thana development coordination committees), consisting of union parishad
chairmen and government officers, are responsible for planning, implementation and monitoring at

the thana level. The union parishads (union councils) are elected bodies responsible for promoting

development activities.

The six major cities are governed by City Corporations, and there are about 300 other urban areas
government by municipal authorities called pourashavas. Pourashavas are elected municipal
2 councils under the administrative control of the Ministry of Local Government and Rural
Development (MLGRD). The new local government structure is increasing the number of levels of

directly elected local authorities and decentralizing responsibilities to a greater extent under the

Local Government Act.

12.9 Concept of community participation

T

Community participation means the involvement of general peoples of the community in any
development and social activities in the community. The ownership of community people of any
development project ensures the community participation. Without active and direct participation of

community any project must be failed. So the concept of community participation describes the
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participation of community people in every steps of management i.e., planning, implementation,
operation and maintenance of the project.

12.9.1 Community participation in WSS

People participation in decision making and local ownership results in effective and sustainable
development process. This belief has played a central part in the shift in institutional strategies from
supply-driven to demand-driven approaches, which response to the felt needs and aspirations of

users, especially the poor. However, quantitative evidence of the efficacy of participation in

determining project effectiveness, relative to other factors, has been missing.

In most developing countries, public sector agencies provide rural infrastructure. Poor public sector
performance has led to a widespread search for institutional alternatives and means to increase the
accountability of the public sector. In the rural water sub-sector, the search has been for strategies to

increase users’ “exit” and “voice” options and to restructure the sector so that suppliers have
incentives to match the demand of users.

The problematic issue therefore is not technology and construction but rules and regulations-
institutions and organization. The first challenge for agencies is to create an incentive for staff to
work in partnership with hundreds of communities. The second task for agencies staff is to enable

communities to make informed choices, and manage and choose from a menu of water supply

options (technology and management) that the agency offers.

Although the agency task has changed dramatically over the years, that fact has seldom been
recognized or acknowledged by the agencies themselves. Hence, the agencies and their competency,
organizations, structure, and management-by-blueprint style have remained largely the same. The
mismatch between the task and the mandate, ability and competence of the agency has resulted in

many successful government attempts to induce participation. The key question, then, is: How can

organizations change to induce participation in collective action?

Beneficiary participation can be brought about in several ways: directly, through participation, in
decision making; indirectly, through leaders; or through representation on committees or boards.
Participation of beneficiaries can be facilitated through extension workers, local government units,
non-governmental organizations (NGOs), and the private sector. Many factors influence beneficiary
participation, including the immediate and broader policy context; client characteristics (including

felt need); and agency characteristics, such as flexibility, responsiveness to client, and willingness
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to invest in the sound organization of communities. In this regard, the following questions are to be

addressed:
» Does people’s participation contribute to project effectiveness?
» How important is this contribution, relative to other factors?
» What factors and strategies influence participation in collective action?
» What are the lessons for the design of large-scale project?

» What are the implications for policy reform?
12.9.2 What is participation?

Participation is a process through which stakeholders influence and share control over development
initiatives and the decision and resources, which affect them. Participation is also a voluntary
process by which people, include the disadvantaged (in income, gender, ethnicity, or education),
2 influence or control the decisions that affect them. The essence of participation is exercising voice

and choice.
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3 em include in some measure the notions of contributing,
influencing, sharing, or redistributing power and of control, resources, benefits , knowledge, and
skills to be gained through beneficiary involvement in decision making. There is also many debates
among participations and in the literature about whether participation is a means or an end, or both

(World Bank 1992; Picciotto 1992).

12.9.3 Defining community participation

How community participation is defined will depend upon on the objectives and the needs and
P possibilities for participation. No matter whether a maximum or minimum community involvement is
developed, some central questions will have to be answered and tested in the field; who participates in
which phases and decisions, how and to what degree, and what effects are desired for the programme
and the community. These questions are not yet generally considered by the agencies solely

responsible for the planning and implementation of water supply and sanitation programmes.

Some of the international organizations have taken the working definition of community
participation from three dimensions. These are involvement of all those affected in decision making
about what should be done and how; Mass contribution to the development effort, i.e. to the
implementation of the decision; and sharing in the benefits of the programmes (WB, 1976). Since
equitable share of benefits is essential, community participation can be defined by involvement of
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the local population activity in the decision-making conce

rning development projects or in their
implementation.

Involvement of population in the physical works of implementation of project is also sometimes
treated as participation. This kind of involvement prescribed passive acceptance of services and
provision of supports in cash or kind. in giving money for a pump, digging a well for a water
supply, or laying bricks for a health center. The dynamics of changing society, however, demand
much more than mere acceptance, allegiance, and unpaid labour. The new type of involvement

requires identification with the movement, which grows only out of involvement in thinking,
planning, deciding.

This conception does not assume that there is an ideal level of participation varies, but over the long
run sustainability will depend on minimizing transaction cost in horizontal and vertical interactions.
Participation is viewed as a means to defined ends, not as an end in it; the goal therefore is to
optimize participation to achieve the desired project goals, not simply to maximize participation.
The desired goals in rural water supply projects include achieving improved water supply systems

and developing the human, organizational and management capacity to solve problems as they arise

in order to sustain the improvements.

The principle underlying participation to give people a voice is constant, yet the choices that people
make vary infinitely. Thus a community may decide to subcontract maintenance to an independent
mechanic rather than to undergo training and take turns doing the work. A water user’ group may
choose to dissolve the organization or to define new goals after the first ones have been met. For
example, when construction is complete, a water committee may transform itself to undertake
sanitation itself to undertake sanitation construction, to build a football field, or to branch into
children’s education, depending on the community group may divide into smaller, functional sub-

groups, with the larger group meeting only occasionally. Altemnatively, people may informally

nominate leaders to represent their interests.

12.9.4 Necessity of community participation

The reasons that advanced the concept of and necessity of community participation in all the

development interventions including WSS are:

The reasons advance for community participation
(1) With participation, more will be accomplished

(i)  With participation, services can be provided more chiefly
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(iii)

Participation has an intrinsic value for participants

(iv)  Participation is a catalyst.for further development

v) Participation encourage a sense of responsibilit);

(vi)  Participation guarantees that a felt need is involved

(vi))  Participation ensures things are done the right way

(viil) Participation uses valuable indigenous knowledge

(ix)  Participation frees people from dependence on other’s skills
(x)

Participation makes people more conscious of ';he cause of their poverty and what they
can do about it.
The form of community Participation

(1) Consultation
A (11) A financial contribution by the community

(iii)  Self-help projects by groups of beneficiaries

(iv)  Self-help projects by involving the whole community

V) Community specialized workers

(vi)  Mass action

(vii)  Collective commitment to behaviour change

(viii) Endogenous development

(ix) Autonomous community projects

(x) Approaches to self-sufficiency

12.9.5 Level of participation

- 12.10 Participatory planning

The success and failure of any activities or programs mainly depends on planers. It is the necessity to

make plan according to Mission and Vision and the practical situation. The participation of

representatives from root or field level to top level is essential for planning. The planning by such type
of participation is called the participatory planning. The participatory planning may be shown by a
cycle called participatory planning cycle (Figure 12.). This cycle accelerates the trends of woks.
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Figure 12.2: Participatory planning cycle

12.11 Community organization

12.12 Community mobilization

Community mobilization involves the creation of social movement for a particular programme by
mobilizing many of allies at the national, regional and community level. The aim is to create a
demand and activate a wide range of groups, for instance for sanitation improvements. Community
mobilization is the glue that binds advocacy activities to more planned and behaviour-oriented

communication activities. Steps of community mobilization are as follows:
Contact with local leaders

One of the first steps will be to introduce yourself to the local authorities and /or local leaders.

Inform them of your plans and ask for their approval and support. This is not only a matter of good

work easier. They can give you a first impression of the community, the various socio-economic

y groups, problems and needs, possible constraints, and so on. They can tell you what they think of

the new project and in what way they are willing and able to contribute, Together you can discuss
possible way to improve the community.

Formal meeting

One of the next steps may be to call a formal meeting to inform the entire community of the
programme and your plans. The organization of a formal meeting is useful to give general
information and to ask for general support. It is however not the right place to discuss things in

detail. In general meetings most people will only be listeners as there will neither be the time no
chance for everybody to give her/his view.
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[n most cases it will be a good idea to form a group to discuss, develop and promote specific local
activities, as it wi i PR K g ,
wtivities, as it will be impossible to involve the entire community in this process. Sometimes the

main community committee (village council or development committee) could fulfill this task.

Getting to know the situation

Another initial step is to organize a demonstration walk through the village or neighbourhood by

asking interested people to show you around. It is always important to get yourself informed on the

existing situation. But it is not only important to get yourself informed. It is also important to get the
community informed of your intentions. ‘

Involvement of the professional workers

At the start of community mobilization we should also try to inform and involve other professionals

in the area. They can give you information. They may give you input in your programme Or you

may take part in their activities.

12.13 Sustainable development approach

To achieve their development objectives interventions in water supply and sanitation have to be

sustainable. The main thrust of the concept is that activities by the present generation should not

compromise the resources, or the environmental conditions of future generations. A water supply or

sanitation system is sustainable when it:

>

%

>

provides an efficient and reliable service at a level which is desired;

can be financed or co-financed by the users with limited but feasible external support and

technical assistance;

is being used in an efficient and effective way, without negatively affecting the environment.

The definition of sustainability involves four crucial dimensions: the user community wanting an

efficient and reliable service, the technology that has to provide it, the institutional environment and

officient use of the service (Figure 12.1). These issues will be briefly described here.

12.14 Gender issues conceptual frame

A gender approach means that the different knowledge, responsibilities, roles, resources, needs and

attitudes of men and women are taken into account. A gender approach requires an openmindness

and aims at the fullest possible participation of both women and men. It takes account of wealth,

age, ethic group: rich and poor, young and old. The main feature of a gender approach is that it
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focuses on men and women and reviews the needs and possibilities to fully involve both groups in
water and sanitation improvements.

The word ‘Gender’ generally is used about something to mean either male or female. But in social
science, gender is used to indicate the difference between male and female in society. Though it is

synonymous word but in practical it has a great difference from sex. This is why every body should
have a clear conception about the term ‘Gender’ and ‘Sex’ in social science.

Sex is the character indicating difference between male and. female created by natural and biological
means; or, difference of male and female on the basis of physical characteristics; or, physiological

characteristics of male and female which is selected by birth and unchangeable.

Gender is the identification of male and female which is socially buildup, socially selected

relationship between male and female, socially fixed up role of male and female which is
changeable and it differs with society and culture.

The term ‘gender’ is used to describe a set of qualities and behaviours expected from men and
women by their society. These form his or her social identity. Gender expectations arise from the
notion that certain qualities, behaviours, characteristics, needs and role are ‘natural’ for me. It refers
to the social construction of female and male identity. It includes the ways in which those
differences, whether real or perceived, have been valued, used and relied upon to classify women
and men and to assign roles and expectations to them. The significance of this is that the lives and

experiences of women and men, including their experience of the legal system, occur within

complex sets of differing social and cultural expectations.

Gender refers to the roles and respansibilities of women and men that are created in our families
our societies and our cultures. These roles and expectations are learned. They can change over time
and they vary within and between cultures. This concept is vital because if facilities gender analysis

revealing how women’s subordination is socially constructed. As such, the subordination can be

changed. It is not biologically predetermined nor is it enshrined in granite.

Now the term “gender” is not confined within male and female. In modern definition it identify the

disadvantageous, unprogressed, neglected, suppressed stream of the society. This stream is the issue

of gender. It can be men or women, children or young, young or old, etc.

12.15 Women empowerment

Women empowerment is a conflicting and debatable term. Once upon a time, social development

planners thought that the absence of direct participation of women in development project is the

Scanned by Camscanner




aale i : 86
 ain obstacle of social development. Their argument is that w ) )
omen are about 50

g I : % of total
nanpower and these parts are inactive and neglected in society. So th t tve th
: ey want to give them chance

o all steps. They want )
in a p y want to utilize them as a worker in development project besides the men. Thi
8 18

concept is called the w
omen empowerment. But upto certain period they cannot understand that

anyhow ever i
y y woman 1s engaged to develop their society with honour and respect.

12.16 Gender auditing

The- term audit means the check, examination, assessment, etc. about anything. Gender auditing was
basically the examination or assessment of involvement or scope of participation of male and female in
any activity. But at present the concept of male and female has been changed by neglected or
disadvantageous stream of the community or society in gender issue. So, for the case of gender auditing,
it is the auditing of involvement or participation or scope of participation of neglected or

disadvantageous stream and advantageous or influential stream of community or society in any activity.

Gender auditing may be performed in any stage of the project by questioner survey. There are some
indicators must have by which auditing cam be performed. Here some questions are mentioned as for
example for auditing gender (considefing male and female) in' any organization:
Key questions
% What is the ratio of male and female staff at all levels of your organization?
» What are the procedures for the selection of staff? How do they encourage/discourage men
or women?
$ What are the recruitment procedures for various categories of staff? How do they
encourage/discourage men or women?
% What are the criteria used and procedures following for posting? How do they
encourage/discourage men or women from joining the service?
» What are the criteria and the procedures followed for the transfer of staff? How do they
affect women? How do they affect men? What are the differences? What are their causes?
What are the consequences (eg. Staff drop-outs)?
5 What are the criteria and processes followed for the training of staff?
» How do they affect men and women? What is the present ratio of staff receiving training
(men/women; in-service/outside)
» What are the criteria and procedures being used for promotions? How do they differentially

affect women and men? What are the male/female ratios in some of the recent promotions?
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(the we points wdentify or s ot Wwave | :
of the above points identify or suggest ways in which the negative impact on men or

I

+ could be remedied

(2.17 Gender balance and sensitivity

Gender balance is the minimization of difference in involvement of people of different status of
society in any activity. Here qualification, capacity, capability, eligibility must be considered and
judged without any external influence for their imvolvement and participation. The balancing of

gender is the great sensitive issue for development of society.
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Wholesome water/ Potable water:

The term wholesome water iIs used to
Indicate the water which is not chemically
pure, but does not contain anything
harmful to the human body i.e. the water
In which there iIs no pathogenic bacteria,
no toxic substances and no excessive
organic matter. Thus the wholesomeness
IS a must while the palatability of water is
desirable.




Requirements
for potable
water:

It should be clearr,
odorless and colourless

It should be free from
harmful and disease
producing bacteria

It should be free from all
objectionable substances

It should be fresh and
cool

It should be palatable i.e.
aesthetically attractive




Water quality

parameters:

Water quality

parameters are
three types:

Physical
ysica Chemical Biological




Physical
Parameters:

Colour

Suspended
Turbidity solids

Temperature




Colour

Pure water is always colourless, but In
nature is often coloured by foreign
substances. Water whose colour is
partly due to suspended matter is said
to have apparent colour. Colour
contributed by dissolved solids that
remain after removal of suspended
matter is known as true colour




* Algae metabolism
* End products of degraded organic matter

« Discharge of untreated and partially treated
waste water from various industries like food
processing, textile industries, paper
production etc

 Divalent species containing iron and
manganese etc




* Coloured water is not \

aesthetically acceptable to the
general public

 Highly coloured water is
unsuitable for laundering,
dyeing, papermaking, beverage
manufacturing, dairy production
and other food processing and
textile and plastic production

* Coloured water effects its
marketability for both domestic

and industrial use j




One true colour unit (TCU) corresponds
to the amount of colour exhibited under
the specified test conditions by a
solution containing 1.0 mg of platinum
per litre of water Iin the form of
chloroplatinate ion. Most consumers
can detect a colour of 15 TCU (WHO
guideline value and Bangladesh
standard for drinking water) in a glass
of water.



Taste and Odour

Many substances with which water
comes into contact in nature or during
human use may impart perceptible taste
and odour. These include minerals,
metals and salts from soil end products
from biological reactions and
constituents of wastewater.




Impact:

Consumers find taste and odour aes
displeasing for obvious reasons. It is unplea
drinking and bad for health

Measurement:

Measurement of taste and odour casing organics
be made using gas or liquid Chromatography.
Chromatographic analysis is time consuming a
requires expensive equipment it is not rout
performed on water samples, but should be
problem organics are suspected.



Quantitative tests that employ the human s
taste and smell can be used for this purp
example of this test is the threshold odour
(TON).

« Varying amounts of odourous water are poure
containers and diluted with enough odour
distilled water to make a 200 ml mixture

 An assembled panel of five or ten noses is used
determine in which the odour is just barel
detectable to the sense of smell. For public wat
supply the threshold water number should no
more than 3



« The TON of that sample is then calcul

using the formula

TON_A+B
A

Where,

A= volume of odourous water

B= Volume of odourfree water
produce a 200 ml mixture

required to



Temperature:

Source:

The temperature of natural water systems resp
to many factors. The ambient are the m
universal. Generally shallow bodies of water a
more affected by ambient temperatures than ar
deeper bodies. Removal of forest canopies an
irrigation return flows can also result in increased
stream temperature



Impact:

Measurement:

The measurement of temperature is done with
help of ordinary temperature

If the temperature is increased, biological a
Increases. An increase of 10 degree Is us
sufficient to double the biological activity
Temperature changes affects the reaction ra
and solubility levels of chemicals

Temperature also affects other physical properti
of water. The viscosity of water increases wit
decreasing temperature.



Turbidity:

The colloidal materials present in water interfere
passage of light and thus imparts turbidity to the

Source:

|. Erosion of colloidal material such as clay, silt, ro
fragments and metal oxides from the soill.

ll. Vegetables fibers and microorganisms may
contribute to the turbidity.

lll. Household and industrial waste water may contai
a wide variety of turbidity producing material.




Iv. Soaps, detergents and emulsifying agents pr
stable colloids that result turbidity

Impact:

 The cloudy appearance developed in water due
turbidity is aesthetically unattractive and it may al
be harmful to the consumers.

It also disturbs the disinfection process because th
solids may partially shield the organisms from the
disinfection






Suspended solids:

Solids — settleable, suspended, dissolve

Three categories:

¢ settleable
e suspended
e fine or dissolved solids

Dissolved Colloidal ’ Suspendced or nonfilterable
Sizc of pnnicle pr
10-3 10'-‘ w!-’ 10-2 no-‘ l' 100
1

1 4 1] ‘
10-¢ - 107 10-¢ lo-s 10-‘ 10-3 lo--z 10-}

0
I Size of particle, mm I .

size classification of solids in water




Source:

|. Inorganic solids such as clay, silt and other s
constituents

II. Organic material such as plant, fibers and
biological solids such as algal cells. Bacteria et

Ill. Industrial waste, domestic waste, oils greases e

Measurement:
There are several tests available for measuring solids.

Most are gravimetric tests involving the mass of
residue.




Chemical water quality parameter:

° pH

 Alkalinity

« Acidity

« Total solids

 Hardness

« Chlorides

« Dissolved gases
 Metals

« Nitrates and its compounds




1) pH:

The acidity or alkalinity of water is measured In
its pH value or H-ion concentration

The pH Scale

Acidic Alkaline
AL A
@ g Ny

9 1T 2 3 4 B85 @& T 8 9 10112 3 1

-

7 = neutral




Impact:

* For potable water, the pH value should be bet
and 8.5 and it is found that if this range is mali
there is no direct effect on health of human being.

« If pH value of water is below 4, it will produce
taste and if it is more than 8.5 it will impart a bitter ta

« The higher value of pH induces the formation
Trihalomethane which are responsible for casing can
In human beings

The lower value of pH starts corrosion in pipe
thereby the toxic metals like Zn, Pb, Cu are relea




Measurement:

There are two methods for measurement

1. Electrometric method
2. Colorimetric method

1. Electrometric method:

In this method the potentiometer is used to measu
the electrical pressure exerted by positivity charge
lons. The pH value then correspondingly expressed.




1) Colourimetric method:

In this method the chemical reagents or indica
are added in water and the colour produce
compared with standard colours of known

value




Problem 1:

A factory discharges 50 m3/day of waste having
If the waste contains KOH only, find out the qua
KOH in kg/day

Solution:
pH + pOH = 14
11 + pOH =14

pPOH=14-11=3
Thus the concentration of hydroxyl ion in the given
is 1073 moles/litre i.e. [0H~ ] = 103 molesl/litre




The molecular weight of KOH in 1 liter so
works out to

(39+16+1)=56¢g
KOH in g/litre =56 x 1073
KOH in kg/litre =56 x 107°

Now, Discharge = Q = 50 m3/day = 50 x 10
litres/day

Quantity of KOH in given waste
= (56 x 107°x 50 x 103) kg/day = 2.80 kg/day



2) Alkalinity:

Alkalinity is defined by as the quantity of Ic
water that will react to neutralize hydrogen
Alkalinity is thus a measure of the ability of wate
neutralize acids.

Source:

The alkalinity is due to the presence of bicarbona
(HCO3), carbonate (CO; ™) and hydroxide (OH™)



€O, + H,0 2 H,CO:
H,CO%i 2 HY + HCO3

HCO; 2 HY + C02~

CO3~ +H,0 2 HCO; + OH™
Impact:

* In large quantities, alkalinity imparts bitter taste to

« The principle objection to alkaline water, however |
reactions that can occur between alkalinity and ce
cations in the water. The resultant precipitate c
pipes and other water systems appurtenances.




Measurement:

The alkalinity iIs measured by volumetric anal
The various types of indicators are available for
purpose. The commonly adopted two indicat
are-

1) Phenolphthalein
2) Methyl orange




1) Phenolphthalein :
Pink above pH 8.2 and
Colourless below pH 8.2
2) Methyl orange:

Red below pH 4.5 and
Yellow-orange above pH 4.5




Alkalinity on pH scale is represented as follows

The range of total alkalinity is 4.5 to 14

The range of bicarbonate i.e. HCO3 alkalinity i
4.5 10 8.2

The range of carbonate i.e. CO; alkalinity is fro
to 10

The range 0O to 4.5 indicates no alkalinity



Alkalinity Relationships

Resultof i te Alkalinity Carbonate Alkalinity ~ carhonate
P/M or PT (OH) Equals: (€0, Equals: Alkalinity
Alkalinity Test* e ‘ (HCO,) Equals:

P=0 0 0

P=M M 0
P=12M 0 M
P12 M 0 2P
P> M 2P-M 2(M-P)

P = Phenolphthalein
M= Methyl orange
T= Total alkalinity




Problem: From the following data of
analysis, calculate the hydroxide, carbon
bicarbonate alkalinities:

Phenolphthalin | Mythyl orange

A 10 15.5
B 14.4 38.6
C 8.2 8.4
D 0 12.7




Solution:

Sample A:
10 ¥1000
P= = 100
100
15.5 %1000
T= =
100
0.5T=77.5

As P>0.5T, OH™ alkalinity = 2P-T=200-155 =4

Co;~ alkalinity = 2(T-P) = 2(155-100) = 110

HCO5 alkalinity =0



Sample B:

. 14.4 1000
B 100

= 144

T_38.6 x1000
100

0.5T=193
As P<0.5T, OH™ alkalinity =0
CO;5 ™ alkalinity = 2P = 288

HCO5 alkalinity = T-2P = (386-288) = 98




Sample C:

8.2 x1000
P =
100

= 82

8.4x1000
T =
100

= 84

0.5T=42

As P >0.5T, OH alkalinity = 2P-T = 164-84 = 80
CO5 ™ alkalinity = 2(T-P) = 2(84-82) = 4

HCO;3 alkalinity =0




Sample D:

P=0

12.7x1000
T = =
100
As P =0, OH™ alkalinity =0
CO;5 ™ alkalinity =0

HCO3 alkalinity =T =127




3) Acidity:

The term acidity with reference to the water a
water is defined as the capacity of substances ¢
In the water to take up hydroxyl ions (OH™) tor
defined pH value (0 to 8.2)

The acidity are the following two types:

() Carbon dioxide acidity
(i) Mineral acidity



(1) Carbon dioxide Acidity:

This acidity is due to the presence of CO,in gro
and surface water

(i) Mineral Acidity:

The mineral acidity is due to the presence of
H,50,, HNO5 and strong organic acids

Measurement:

The mineral acidity is determined by titrating or neutralizi
sample with strong base NaOH to pH 4.3. The c
dioxide acidity in the sample is calculated by ne
completely by continuing the titration till pH
reached.
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Impact:
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The amount of acidity is expressed in t
C,C0O5, Then

Total acidity (as C,C05; ) = mineral acidity + CO, ac
Impact:

() It affects the aquatic life

(1) It affects the biological treatment of sewage

(i) It corrodes pipes

(iv) It interferes in the treatment of water as in case o
water softening

(v) The water having acidity more than 50 mg/l can
be used for R. C. C. construction



4) Total Dissolved Solids:

The material remaining in the water after filtration
suspended solids analysis is considered to be diss

Total solids = Total dissolved solids + Total Suspe
solids

Sources:

() Dissolved material results from the solvent actio
water on solids, liquids, and gases

(i) Materials from decay products of vegetation, from
organic chemicals and from the organic gases
common organic dissolved constituents of wat



Impact:

() Dissolved minerals, gases and orga
constituents may produce aesthetically displeasi
colour, test and odour

() Some chemicals may be toxic, and some of the
dissolved organic constituents have been shown
to be carcinogenic

In general water with a total solid content of less than
500 mg/l are most desirable for such purposes. Water
with a higher solids content have a laxative an
sometimes the reverse effect upon people.




Depending on the TDS water is often class

follows:

Excellent TDS < 300 mg/l
Good 300-600 mg/I
Fair 600-900 mg/I
Poor 900-1200 mg/I

Unacceptable 1200 mg/I




(5) Hardness:

The term hardness is defined as the ability of th
to cause precipitation of insoluble calcium
magnesium salts of higher fatty acids from soap.

Source:
Hardness is two types:

() Temporary hardness (Carbonate hardness)
(i) Permanent hardness (Non Carbonate hardness)



Temporary hardness is mainly due to the prese
bicarbonates of calcium and magnesium. It ca
removed by boiling or by adding lime to the water.

The permanent hardness is due to the presence
sulphates, chlorides, and nitrates of calcium a
magnesium. It can not be removed simply by boilin
the water



Impact:

() Soap Is more consumed due to hardnes
water

(i) Boiler scale, the result of the carbo
hardness precipitate may cause considerablé
economic loss

(i) Corrosion may occulr.




Measurement:

Hardness can be measured by using spectrophot
techniques or chemical titration to determine the g
of calcium and magnesium in a given sample. Har
can be measured directly by titration
ethylenediamine tetra acetic acid (EDTA) u
eriochrome black T (EBT) as an indicator. The

reacts with the divalent metallic cations, forming
complex that is red in colour. The EDTA replaces t
EBT in the complex, and when the replacement I
complete, the solution changes from red to blue. If 0.0
M EDTA is used 1.0 ml of the titrant measures 1.0 m
hardness as C,C05



Standard Value:

Soft <50 mg/L as C,C04

Moderately Hard 50-150 mg/L as C,C04
Hard 150-300 mg/L as C,CO,

Very Hard > 300 mg/L as C,CO4

The public health service standards recommenc
a maximum of 500 mg/L of hardness in drinking
water.




Total Hardness = Carbonate Hardness or alk
Non-carbonate hardness

Or T.H=C.H. + N.C.H

Following two rules should be remembered i
connection

1. When alkalinity < T.H then
C.H = Alkalinity

2. When alkalinity > T.H. then
CH=TH




Hardness in mg/l as C,C0; = M** (mg/l) x

Where M represents any ion or radical

Molecular weight
X

Now, Equivalent weight =

Where X = for acids, the number of moles of H
obtainable from 1 mole acid

X = for bases, the number of moles of H
with which 1 mole of base will react

Thus the equivalent weight of C,C0, = £2F12+3 *16)




The equivalent weights of Ca™ ,Mg ** ,Sr
respectively as follows

Ca = 40/2 = 20
Mg = 24.4/2 = 12.2
Sr=87.6/2=438



For measuring alkalinity, the reading of only C
HCO; will be required and expressed as perce
they can be found out found out from the foll
relations

Total Alkalinity as HCO5; in mg/L = Bicarbonate
Alkalinity x 1.22

Total Alkalinity as C0O5; in mg/L = Carbonate Alkalinity X
0.60

Molecular wt of HCO; = (1+12+3*16) =61

Molecular wt of CO; = 12+3*16 =60



Problem : The analysis of water from a bore sh
the following results in mg/I

Ca=60,Mg=48,Na=103.5 K=19.5
HCO5; =224, S0, =220.8 Cl=78.1

Find out the total hardness, carbonate hardness and
non carbonate hardness

Solution:

Total Hardness = (60 x 50/20 + 48 x 50/12.2) = 150
196.72 = 346.72 mg/L as C,CO;4




Total alkalinity as HCO; in mg/L = Bicar
alkalinity x 1.22

244 = Bicarbonate alkalinity x 1.22
Bicarbonate alkalinity = 244/1.22 = 200 mg/L
In this case alkalinity< T. H.

C.H = Alkalinity = 200 mg/L

ThenN.CH=TH-C.H
=346.72 — 200 = 146.72 mg/L



6) Chlorides:

The chlorides contents, especially of sodium chlori

Measurement:

Il. Two or three drops of potassium chromate solution a
added to the sample of water
Ill. The chloride contents are then determined by filtering
standard solution of silver nitrate

AgNO; + NaCl — AgCl + NaNOs

ZAgCl + KZCT'207 4 A92Cr207 + 2KCl



Impact:

The presence of chlorides can corrode and su
water cannot be wused boilers because
formation of hydrochloride acid due to th
presence of magnesium chloride in water.




Water Treatment

=

Plain Sedimentation

2. Sedimentation with coagulants/
flocculation

Filtration

Disinfection

B W




Some of the treatment operations for remova
specific impurities are:

« Aeration

« Water softening

* Arsenic removal

* Iron removal

« Activated Carbon application

* Fluoridation and defluoridation
 Demineralization

* Desalinization



Plain Sedimentation:

Principles of particle settling in water:

This Is a process causes the organic or inorganic
particles heavier than water to settle by retaining
water in the tank or basin. These particles are held
suspension Iin natural water mainly by turbulence
or current.

The particles travels with a constant vertical
velocity called the terminal velocity or settling
velocity of the particle.



The settling velocity of the particle depends

« Horizontal flow velocity of the water
Shape and the size of the particle
Specific gravity of the particle
Viscosity of the water

Density of the water

Temperature of the water



The settling velocity of spherical particles under
flow conditions is given by the equation

v = f—B(s - 1) d2IY
Where

v, = settling velocity

g = acceleration due to gravity

S = specific gravity pf the particle
d = diameter of the particle

Y = kinematic viscosity of water



This equation is called Stoke’s Law. Stoke’s L
holds good only for particle size 0.1 cm in diam
and Reynold’s number 1 or less. For larger parti
having diameter greater than 1 cm and Reynold’
number above 2000 Newton’s Law for frictional
resistance or drag applies

— |49
Vs —\/E(S — 1)d

Where

Cd is the Newton’s coefficient of drag



Stoke Law Is valid for computation of settling
discrete particles. Discrete particles are those
not change size, shape and mass during set
which do not influence each other by being to
Particle settling under this condition is called
settling. The expression for discrete particle is

V=418 (S - S;) d2(3T + 70)/100

Where
V = velocity of settlement in mm per second
S= specific gravity of the particle
S1= Specific gravity of water

d = diameter of the particle in mm
T = temperature in° C



This equation is applicable for particles
diameter smaller than 0.1 mm or so. For parti
greater diameter than 0.1 mm he found tha
velocity of settlement was proportional to the
power of diameter and not to the second powe
diameter. Hence for bigger particles

V=418 (S - S,) d(3T + 70)/100



Hindered settling

Discrete settling

Distance

Flocculent settling

>

Time

Figure 18.1 Settling of different types of particles in water




Hindered Settling:

In case of closely packed particles the wat
displaced by the particles may cause addition
friction and the settling velocity is reduced. Thi
termed as the Hindered Settling. Hindered
setting becomes  noticeable when the
concentration of suspended solids is greater tha
2000 mg/l



Flocculent Settling:

Sometimes settling particles may adhere to
other and grow in size and thus deviate from
settling characteristics represented by Stoke's L
This may occur In settling of algae or freshly form
floc by the process of flocculation with coagulan
These particles/flocs tend to stick together and for
new bigger particles which settle at a faster rate. This
type of settling is called flocculent settling.



Types of sedimentation tank:

Depending upon the nature of working
sedimentation tanks are the following two type

1. Fill and draw type
2. Continuous flow type
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Working:

The working of the tank is simple. The water is
filled the tank and it is then allowed to rest for a
certain time. During the period of rest, the
particle sin suspension will settle down at the
bottom of the tank. The clear water Is then
drawn off and the tank is cleaned of silt and
filled again.



The usual period of rest to cause settlem
particles is about 24 hours or so. If time requir
Inlet, outlet emptying and cleaning operatio
added , a period of about 30 to 36 hours is req
to put the tank again in working condition.
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Design aspects of continuous
sedimentation tank:

Following are the design aspects

1. Velocity of flow

2. Capacity of tank

3. Inlet and outlet arrangements
4. Shapes of the tanks

5. Miscellaneous considerations




1. Velocity of flow:

It should remain uniform through out the tank a
IS generally not allowed to exceed 150 mm to
mm per minute.

2. Capacity of the tank:

Following are the two methods by which the
capacity of sedimentation tank is determined

|. Detention period
II. Overflow rate




) Detention period:

The relation between capacity of a tank
detention period can be established as follows

Let C = Cubical contents or capacity of tank
Q = Discharge or rate of flow per hour
T= Detention period in hours

Then T=C/Q

Or C=0QxT
For plain sedimentation tanks, the detention perio

vary from 4 to 8 hours and when coagulants are u
may vary from 3 to 4 hours



1) Overflow rate:

In this method it is assumed that the settle
particle at the bottom of the tank does not depe
depth of tank. But it depends on the surface area

Let L = Length of tank
B = Breadth of tank
D = Depth of tank = Side Water Depth = S.
C = Capacity of tank
T = Detention period
Q = Discharge of rate of flow
V = velocity of descend of a particle to
bottom of tank
= Surface Overflow Rate = S.O.R



ThenT=C/Q=(LXBXD)/Q....cccrrrerrii. ...

Also, T = Distance of descend/ Velocity of
=DIV=SWD/ISOR ....................
Equation 1 and 2
(Lx B x D)/IQ =D/V
Or SOR=V=Q/(LXB)..ccoeeviiriiiannn.n. (3)
The equation 3 shows that the velocity of desce

particle is independent of the depth of tank
Inversely varies as the surface area of the tan




Introduction to environmental engineeri
General:

Environmental engineering has been defined a
branch of engineering that Is concerned with
protecting the environment from the potent
deleterious effect of human activity, protecting hu
populations from the effect of adverse environmen
factors, and improving environmental quality for huma
health and well being



Environmental Engineering:

The Environmental Engineering Division of the A
Society of Civil Engineers (ASCE) has publish
following statement of purpose

Environmental engineering Is manifest by s
engineering thought and practice in the solutio
problems of environmental sanitation, notably In
provision of safe, palatable and ample public wa
supplies, the proper disposal of or recycle of was
water and solid wastes, the adequate drainage of urba
and rural areas for proper sanitation and control
water, soil and atmospheric pollution, and the soci
the environmental impact of these solutions.



Furthermore it is concerned with engin
problems in the field of public health, such as c
of arthropod-borne diseases, the eliminatio
Industrial health hazards and the provision
sanitation in urban, rural and recreational areas
the effect of the technological advances on
environment



From the definition the topic of environmental
engineering are

» Provision of safe, palatable and ample public
supplies

» Proper disposal of recycling of waste water and
solid wastes

» Control of water, soil and atmospheric pollution



Sanitation:

Sanitation may be defined as the science
practice of effecting healthful and hygie
condition and Involves the study and use
hygienic measures such as

« Safe, reliable water supply

* Proper drainage of waste water
* Proper disposal of human waste
* Prompt removal of all refuse




The principle objectives of providing sanitati
facilities are

* To have improved public health
« To minimize environmental pollution



Classification of wastes:

In general wastes can be classified as follows:
Human waste or human excreta:

Refers to only human faeces and urine and usually
not combined with liquid or solid wastes. They are
widely known as night soil when collected without
In large volumes of water




Municipal sewage/Wastewater:

It is the liguid waste conveyed by a sewer and m
Include domestic and industrial discharges as wel
storm water, groundwater infiltration and inflow

Domestic Sewage:

It is the liquid waste which originates in the sanitary
conveniences, eg water closets, urinals , baths, sinks
etc of dwellings, commercial facilities and institutions |
a community. Sometimes it is referred to as sanitary
sewage.



Sullage:

It is the liquid discharges from kitchens, wash bas
etc. and excludes human excreta. Sullage is le
foul than domestic sewage and can be discharge
through open surface drains in unsewered areas.

Industrial wastes:
It includes the liquid discharges from spent water |

different industrial processes such as manufacturing
and food processing



Strom Water:

It is the surface runoff during and immediately a
rain fall, which enters sewers through inlets.
water is not as foul as sanitary or industrial sewag
hence can be carried through open drains or chan
and disposed of in natural rivers or streams without
treatment.

Solid wastes:
It includes all materials which are normally solid and

discharged as useless or unwanted during hu
activities
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Sanitation system:

A sanitation system is involves all arrangements
necessary to store, collect, process and deliver
human wastes back to nature in a safe manner.
Sanitary systems with respect to human waste
management may be considered to have following
functions:

Excretion and storage
Collection and transportation
Process /treatment
Disposal/recycle



Classification of sanitation system:

« Onsite sanitation system
 Offsite sanitation system

The classification of on-site or offsite sanitation
system depends on whether the waste is stored,
treated and disposed at the point of generation or
transported to somewhere else for treatment and /or
disposed.



* Wet system
* Dry system

Sanitation system can also be classified as we
dry systems based on the methods of collec
and conveyance of wastes produced In
community. Wet and dry systems can be either
site or off site systems.




On site systems:

When the wastes are collected, treated and dispo
at the point of generation it is called an on site sy
On site systems are widely used in rural areas of
developed and developing countries and in absenc
more costly sewerage system, is also extensively u
In urban areas of developing countries.

The simplest onsite sanitation system is a pit latrine
which consists of manually dug pit covered by a
concrete, wooden or bamboo slab with a squatting hol
Some form of super structure is erected over the pi
ensure privacy to the user.



The onsite sanitation system has over the ye
been developed and improved into a lot
different designs e.g ventilated improved

latrines, pour flush single and double pit latrine
aqua privies, septic tank and so on.

The basic principles of on site systems however
remain the same, liquids infiltrate into the soil
and the solids are retained, anaerobically
digested and have to be removed, or a new pits
have to be dug at the regular intervals. The basic
on site systems are primarily designed to
dispose of human excreta.



Off — site systems:

When the waste Is collected and transporte
somewhere else for treatment and disposal,
system is called off site e.g. bucket latrine syste
and conventional sewerage system. The ba
elements of off site sanitation systems therefo
Include collection, transportation, treatment, disposa
and /or reuse.

 The waste is collected either through house sewer
or manually using buckets or vaults

 These are transported either by cart, truck or sewe
system to a suitable distance place where it |
treated prior to disposal or reuse




Dry System:

In dry system no water is used for the dilution of
waste. They are usually applied to the unsewer
areas with no piped water supply, e g, pit latrin
systems (onsite), bucket latrine system (off site)

Wet system:

In the wet system the waste is diluted with flushes
water. Wet systems are suitable where piped water sup
systems are available, e.g, septic tank system (on
conventional sewerage systems (off site)



Sometimes a sanitation system can be clas
as either permeable or confined depending
whether the system allows infiltration.

« Confined systems do not allow infiltration of t
liquid portion of the wastes into the ground, e.
agua privies, septic tank

* In the unconfined permeable system the liqui
part of the wastes Is allowed to Infiltrate
causing potential pollution of the ground wate
e.g pit latrines
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Fig : Interrelationship between water, sanitation and health
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Important factors for sanitation in Banglade
Housing density:

« Simple single pit latrines are suitable for use
rural areas and low density urban areas up t
about 300 people per hectare.

« At higher densities alternating double pit latrines
may be feasible, but other options such as small
bore sewers, community latrine cum biogas plan
etc may be more appropriate solutions




Water supply and service level :

In areas where water use is low (say less than 3
and where water has to be hand carried from
stand posts, tube wells or communal wells, pit lat
of one type or another are technically fea
sanitation option.

Difficulties associated with pit latrines:

Digging pits in loose and unconsolidated soils (e.g
sand or fine grained alluvium) is difficult and the lining
must nit prevent the seepage of faecal liquids out of t
pit into the surrounding soil. Pit latrines are vulnera



Soil Permeability:

Soils with permeability below 2.5 mm per hour
are unsuitable for pit latrines, as the liquid
fraction of the excreta in unable to infiltrate into
the soil, thereby leading to overflow of the pits.

Infiltration capacity of the pits also greatly
reduced where the water table is high e.g In
the coastal region of the country.



Ground water pollution:

The deposition of excreta in pits may pollute
sources, particularly wells, tube wells pond etc lo
nearby. The danger of pollution increases if the
dug down to the water table . Bacteria will
penetrate more than 1.2 m in most unsaturated
but they have been known to travel over 100 m
gravel below the water table

So, users are required to locate pits at least 1
away from tube wells or other water sources to av
potential pollution.



What is Water Supply Engineering

A Dbranch of engineering concerned with
development of sources of supply, transmi
distribution, and treatment of water. The term is
most frequently in regard to municipal water w
but applies also to water systems for industry,

irrigation and other purposes.



Objectives of Water Supply

* Supply water 1n adequate quantity
* Supply safe and wholesome water to the consumers

* Make water easily available to consumers




Elements of Water Supply System:

The planning of water supply system requires
probable water use and its variation be estima
accurately. The first step in the design of a water su
the determination of the quantity of water that
required with provision for the estimate requirements
future. Next a reliable source of water must be located
finally a collection system, a treatment plant an
distribution system must be provided. The essen
elements of a water supply system are (i) Source
supply, (i) Collection system, (iii) Treatment of purificati
and (iv) Distribution system




Source of supply:

All fresh waters on earth come Iin the form of pre
evaporated mainly form oceans, seas and other
water sources. A part of this precipitated water fl
surface water and remains trapped In depressed are
another part enters in to the earth to form groun
Therefore, surface water and groundwater are the
sources of water for water supply. Rainwater being rela
free from contamination, can be a good source of
supply. The main considerations for the selection of a sou
of water supply are quantity, quality and cost.



Collection system:

The collection system is dependent on the water su
iIntake with pumping facilities is required if the water
collected from a surface water source. Dug wells
wells are common collection devices for groundwater,
permanent roof or an uncontaminated ground surfa
needed for collection of rain water for water supply.




Treatment:

Natural waters usually contains impurities, which
treatment to make the water suitable for domest
supplies. The type and degree of treatment pr
iInvolve removal of turbidity, color, taste and odo
removal and destruction of pathogenic (disease prod
micro-organisms. Groundwaters are relatively free
disease-producing bacteria but rich in mineral substa
and may require removal of iron, hardness, arsenic,, fluo
etc. If the dissolved minerals in groundewaters are wit
acceptable limits, the water may be supplied without a
treatment. The most common methods used for treat
Include screening, sedimentation, aeration, treatme
treatment with chemicals, filtration, demineralizati
disinfection.



Distribution system:

A distribution system is needed to deliver wat
Individual consumers. The piped water supplies req
distribution networks of pipes with storage reservo
pumping devices, stand posts, valves and ot
appurtenances.

* In unpiped water supplies, the sources of water are to
be distributed to make them easily accessible to the
consumers.



e The rural water supply based on manually op
tubewells does not require a distribution ne
but the tubewells are required to be distributed
the area in such a way that the distance from
households are reasonable and each tube
serves an optimum number of household.

 In the location of community type treatment plant
accessibility and distances from the community are
required to be taken into considerations.



Planning and Design
Considerations

* Quality of water should not deteriorate below WHO standard
* Water in adequate quantity in convenient location

* Traditional sources should be selected for water supply
development

* Construction, operation, maintenance and repair should be
within reach of the available skills

* The equipment should be robust, reliable and locally available
* Construction and operation cost should be minimum

* Use of pumping and chemicals should be minimum

+ System should be planned together with the community

 Women should be involved and consulted to address their
needs




Planning and Design
Considerations

* In built system for monitoring of performance

* Provision for preventing deterioration of water quality

* Sustainability should be preferred in planning, designing and
pricing the water supply




Population and Water requirement

Demand of water is generally done by the help of
factors

1. Probable population estimated at the end o
design period
2. Rate of water supply per capita per day

The design period is the period into the future for
the estimate is to be made. The period should neither
too long so that full financial burden is not thrown on th
present generation, not it should be too short so a
avoid the design becoming uneconomical. In practi
varies from 25 to 40 years



The per capita consumption of water is the
consumption divided by the population and
number of days in the year. It is generally expressé
as liter per capita per day . Thus

Water consumption per capita per day = Tot
consumption/(Population X 365)



Factors affecting the consumption of water:
|. Size of the city:

The per capita use of water tends to be higher in |a
than in small towns. The difference results from great
use, more parks and other public facilities , greater co
use and perhaps more loss and waste in the larger citie

1) Characteristics of the people:

Water use is influenced by the economic status of the p
The per capita use of the slum areas will be much less
that in the high class residential areas, because of exir
use for gardening, car washing, air conditioning an
ornamental display




1i1) Climate condition:

Water is used is warm, dry climates than hu
and cold climates for bathing, lawn and garde
watering, air conditioning etc. In extremely co
countries water may be wasted as faucets to
prevent the freezing of pipes

IV) Commerce and industries



v) Pressure of the water:

The rate of use of water increases when
pressure on the distribution system is increas
Increases in the rates of use of water with pressu
have been known to reach 30 % for a change fro
1.76 to 3.16 kg/cm?. This fact should be lead to th
designer to provide the lowest pressure that will
give satisfactory service . Excess pressure means
wastage of water



vi) Quality of water

vii) Sewerage facilities

viii) Water rates and metering
IX) Nature of supply

X) Availability of private supply
x1) Efficiency in management

X) Number of inhabitants




Water quantity:

Water is required by a community for domes
other purposes. Usually a water supply syst
designed for a future population. The total quan
water Is required by the community is computed by

Qr = Pr X @

Where, Qf Is the quantity of water requirement per da
Pr Is the projected population estimated at th
end of the design period

g is the rate of water consumption per capit
day



Population projection:

The following seven methods are generally use
predicting future population.

Uniform growth rate method:

In this method a constant increment of growth I
added for a period based on the population growt
of the same period in the recent past. For the
example if the population increased from 10,000 to
11,000 over the last five years, it would increase
an increment of 1000 in the next five years.



Uniform percentage growth rate method:

In this method a constant percentage of grow
assumed for an equal period of time. For exampl
the population of the community increased fr
10,000 to 11,000 during the last five years, it wo
Increase another 10% to a population of 121
during the next five years.

Decreasing growth rate method:
The method is similar to the uniform growth rat

method but with an assumption of a decreasi
rather then the uniform rate of increase.



For example, if the population of a community In
from 10000 to 11000 during five year period, it
Increase by the decreasing rate say 900 rathe
1000 at the end of next five year period. The decre
growth may result when growth potential is reduced:

Graphical extension or curvilinear method:
In this method the population time curve is extende

an eye estimation to obtain the future population a
shown in figure
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Geometric progression method:

Geometric progression method is the
widely used method which is also kno
empirical method suggested by Harden
The future population can be estimated b
method using the equation.

Pf = Pp(l + T')n

Where P;= future population
P,= present population

n = number of years to be considered

r = rate of yearly population growth



The population growth rate is available from
census report. The rate of population growth
also be estimated from population data of t
years of n years interval in the recent past usi
the expression:

Where P, and P; are the population of two dates o
n number of years apart.



Least square parabola method:

In this method the population of the populatio
time curve is determined by the least squar
method using the suitable data.

Let the variables X and Y denote the years and
the population figures of those years
respectively. The equation of the least square
parabola fitting the time population data is
given by:

Y=a+bX+cX?. oo, (1)



Where a, b, ¢ are constant to be found more norm
equations by applying the actual population data:

SY=aN+bY X+cY X% i, (2)

zxy = azX+bzX2 +czx3
EXZY = azxz +bZX3 +<:ZX4

Where N= number of observation of set of data

If the population data of a community for a number of
IS known the values of constants a, b, ¢ in equation
be computed by solving the equations 2, 3, 4

(




There are several methods also

Zoning Method:

This I1s rather the modern and the most use
method of population forecast. In this method th
master plan of the city is prepared and it |
divided into several zones such as residentia
zone, industrial zone, commercial zone etc.



Ratio and correlation method:

It is evident that the population growth of a sm
area iIs related to some extent to the populatio
growth of a wide area. Thus the rate of population
growth of a town is related to some extent to the
rate of population growth of state or nation. Hence
It IS possible to estimate the population of the
town under consideration by considering the rate
of the population growth of state or nation



Growth composition analysis method:

There are only three ways by which change in t
population occurs.

1) Through births
2) Through deaths
3) Through migration

If the above three factors for area under consideratio
are properly analyzed, the estimated population of
some future period can be obtained by the followin
equation

Estimated population = present population + nat
Increase or decrease + migration



Estimated natural increase =T (IzP — I P)

Where. T = Forecast period in years
Iz = rate of birth per year
I, = rate of death per year
P = present population




In the rural areas of Bangladesh, the
requirement for various purposes has been esti

as follows:
Drinking . 2-3 lpcd
Washing cloths . 8-=10 lpcd
Washing utensils . 6-8 lpcd
Cooking foods . 3-5 lpcd
Bathing -+ 14 -20 lpcd

Others : 9-14 Ipcd




The typical water requirement for domestic purpo

given below:

Table 17.1: Water requirements for domestic purposes

Types of water supply Water consums- Typical ﬁ.--n.r:he'.r.I
. consumption,
e ption ranqge, Ipcd Iped i
Vilage opendube wells and standpost |
Distance, > 1000m 510 T
Distances, 500 -1000m 10-15 | 12
Dhetance |, 250 - S00m 10-20 15
Distance , S0- 250 m 15 - 40 25
__Dustanl:e . =50m 20 - 50 35
VWater supply source in yard
Well in yard 20 - €0 40
Single tap in yard | 30- 80 =0
House conneclion
Single tap 30 - €0 ‘ £0 _l
Multiple tap T0-25%0 150




Water requirement for other purposes

Nature of consumption Range of consumption, Average
Iped consumption, Ipcd
Commercialuse _ 10— 150 [ 40 i
Industrial use 30 - 450 120
Public uses 1 10-100 25
| Livestock 10-35 20 i o
Lcss and wastage 20 - 150 40 '




Water requirements in rural and urban area

Bangladesh
Areas Water consumption, Ipcd
Rural areas 50
Upazila towns 100 _
Zilla town_ _ 120
City corporation 180




Essential elements for designing a wate
system for a city:

1.

. The number of people or the design population

. The rates of water use, or design flows, Iin term

. The area to be served, or design area, and th

The number of years, design period for whi
proposed water supply system and its com
structures and equipment are to be adequate.

served

per capita water consumption including industri
commercial and fire equipment.

allowances to be made for population density an
real water consumption from residential and ind
districts



Design periods are chosen with the foll
factors in mind

1.

2.

o1 b~

. Anticipated rate of population growth, includin

. Availability of fund
. Performance of the works during their early ye

Useful life of component structures and equip
taking into proper account of wear and tear
Ease of difficulty of extending or adding to
existing and planned works, including
considerations of their location

possible shifts in community, industrial and
commercial development

when they will not be loaded to the capacity



Sources of water supply

Water on Earth

Seawater 96.5%
lce and Snow 1.76%
Atmospheric Water 0.001%
Sub-Total 98.26%

Freshwater Available 1.74%
Groundwater 1.7%
Lakes 0.013%
Rivers 0.002%
Total 100%




Total water on earth
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Average Renewal Time for Various

Water Resources

Atmospheric Water 8 days
River Water 16 days
Soil Water 1 year
Wetlands Water 5 years
Lake Water 17 years
Groundwater 1,400 years




Sources of Groundwater:

The following are the major sources of groundwate
» Meteoric water

» Connate water

» Magmatic water

Meteoric water:
This is the main source of groundwater. This wa
received in the form of rain and snow. Water from t
lakes, rivers and seas Is again received by earth
vaporization. Water is received by melting of snow or r
hence it is called ‘meteoric’ or ‘shooting star water’. Fro
surface of the earth, this water Iinfiltrates down
through rock joints, pores and fissures of rocks and |
at the level of impermeable rocks in the form of gr




Connate Water:

Water contained in pores and cavities of sedim
rocks under seas and lakes is called connate w
IS also called ‘sediment water’. It is the se
Important source of groundwater. This is the w
that is entrapped in the interstices of sedimentary
volcanic rocks at the time of deposition. Conn
water is highly mineralized and salty and does n
mix readily with meteoric groundwater. Connate wate
Is usually found deep down in the lower layers of the
zone of saturation.



Magmatic Water:

Hot magma enters rocks due to volcanic actio
after which its vapor drops are condensed an
converted into water. This is called magmatic
water. Apart from it, other sources are those In
which groundwater becomes again available on
the surface of the earth.

They are mainly springs, wells, and geysers.
Such water is considered to have been generated
In the interior of the earth. It has consequently
travelled to the upper layers of the earth’s surface
for the first time; this is also known as magmati
water.



Groundwater aquifer:

An aquifer is an underground layer of
bearing permeable rock, rock fracture
unconsolidated materials (gravel, sand, or silt)
which groundwater can be extracted using a
well.

Aquifers are permeable formations having structu
which permit appreciable quantity of water to
them under ordinary field conditions. Aquifers a
mainly two types.

» Unconfined aquifer
» Confined aquifer



Unconfined aquifers are sometimes also calle
table or phreatic aquifers, because their upper bou
the water table or phreatic surface. Typically (
always) the shallowest aquifer at a given locat
unconfined, meaning it does not have a confining lay
aquitard or aquiclude) between it and the surface.

Confined aquifers are aquifers that are overlain b
confining layer, often made up of clay. The confining la
might offer some protection from surface contamination.




Figure 4.5

Confined and Unconfined Aquifers
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Forms of Groundwater sources:

There Is four forms of groundwater sources are fou
1. Infiltration galleries
2. Infiltration wells

3. Springs

4. Wells

Infiltration galleries:

When water can be obtained within a reasonable distan
below ground level, for example, below the river
horizontal porous pipes with open joints can be laid un
the ground. It is apparent that a very large proportio
the groundwater will be intercepted by galleries tha
vertical well.




The intercepted water can be collected at suitabl
In vertical collecting wells and can be used. Invert
surrounding the pipes can be provided to p
clogging of pipes. Horizontal galleries laid at a
more than 8 meters are uneconomical. Figure 1.5 s
cross-section and longitudinal section of the infiltra
gallery.

Porous Pipes
with Open Joints

inverted Filter Surrounding Porous Pipe
Fig. 1.5. Infiltration gallery



Infiltration Wells:

Sometimes water can be made available by sinki
Infiltration wells in the porous soil, for example,
the dry bed of a river. The infiltration well can b
joined to vertical collecting wells or jack wells sun
on the bank of the river by means of horizontal
underground porous pipeline. It intercepts water
also and is called Infiltration gallery. Thus it can be
recognized that infiltration wells and galleries
supplement each other. Figure 1.6 shows the cross-
sectional elevation and plan of an infiltration well.
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Springs:

When groundwater appears at the surface f
reason, the springs are formed. They serve as s
of water supply for small towns, specially near hi
based of hills. Some springs discharge hot water
to the presence of sulfur and other minerals in t
formations. These hot springs cannot be used
supply water for domestic purposes. But the hot wat
Is found to cure some of the human disorders. Spring
are mainly three types.

1) Artesian Spring
2) Gravity Spring
3) Surface Spring



1)Artesian Springs:

In this type of spring, the groundwater comes t
surface under pressure. The artesian spring
also be formed due to the presence of fissur
crack In impervious layer. The fissure or cr
should be continued up to the ground surface.

The artesian springs give practically uniform quali
of water throughout the year.

2)Gravity Springs:

This type of springs develop due to overflowing
water table. The flow from a gravity spring is vari



with the rise or fall of water table. In order to
with such fluctuations, a trench may be constr
near such a spring. The trench act as a sto
reservoir.

3) Surface Springs:

This type of spring is formed when subsoil water |
exposed to the ground surface by the obstruction o
an impervious layer. The quality of water available
from surface springs is quite uncertain and the cut-
off walls, may be constructed to develop such
springs. It is found that the quality of water depen
on geological and topographical conditions a
may be hard or soft, pure or polluted.
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Fig: Artesian Spring
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Fig: Gravity Spring
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Wells:

A well is defined as an artesian hole or pit ma
the ground for the purpose of tapping water.
holes made for tapping oil are also known as
But in the general sense, a well indicates a sou
of water. Three factors govern the theory of well
These are geological conditions of the earth surfac
l.e., slope of the water bearing strata, porosity o
various layers, and quantity of water which |
absorbed and stored in different layers. The wells
are generally classified as Shallow wells, Dee
wells, Tube wells and Artesian wells.



Shallow wells:

The shallow wells are constructed in the upp
most layer of the earth’s surface. They obtain th
guota of water supply from the ground wate
table. The diameter of the shallow wells varies
from 2 to 6 m. They may be lined or unlined from
Inside. The lining is also called the steining and
its thickness varies from 30 to 50 cm. These
wells are also sometimes referred to as draw
wells or gravity wells or open wells or dug wells
or percolation wells.



Deep wells:

The deep wells obtain their quota of water
an aquifer below an impervious layer. The the
of deep well is based on the travel of water fr
the outcrop of the site of deep well. The outcrop
the place where the aquifer is exposed to th
atmosphere. The entry of rainwater takes place a
outcrop and it reaches the site of deep well.
During travel the water gets thoroughly purified.
But it dissolves certain salts and may therefor
become hard. In such cases, some treatmen
would be necessary to remove the hardness
water.



Deep wells and shallow wells
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Tubewells:

A tubewell is a deep
well having a
diameter of about 50
to 200 mm obtains it
guota of water from s
number of aquifers.
The blind pipes are
placed against the
Impervious layers.

Handpurmp

—

Platform
Clay zeal

Clay

Sandy clay

Wery fine zand

3 Mos. centrallizers
made by 10 mm &
M3 rod

400 -1800kmm
long PYWC Strainer

00 mm
long Sand fap

.

180 0rrm Gl pipe

150 rarm Buarehale

Shrouding sand ypto
1200rm top of fitter or
full aguifer thick ness

whichewer is greater

Shrouding zand of
approprate size

Fig Tube well
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Fig: Artesian Well



Groundwater movement:

The groundwater moves due to action of gravi
molecular attraction of surface tension . The v
of flow depends upon on three factors

1. Slope of the groundwater surface
2. Hydraulic properties of soil through which it flo
3. Temperature of water




Hazen's gave a formula for finding the veloci
flow, Is as follows

V=Cd?S v (1)

Where, V Is the average velocity of flow
meters per day,

C is coefficient varying from 400 to 1000
D is effective size of soll grains in mm and

S is slope of water table.



The discharge of aquifer can then be obta
easily by the multiplication of area of cross- sec
of aquifer and velocity of flow of groundwater. M
Darcy enunciates a law governing the flow throu
soll, According to this law,

Where Q = discharge, | = hydraulic gradient
A = area of cross-section and
K = proportionality constant known as the
coefficient of permeability

The discharge velocity, V=0Q/A....................



Permeability:

The capacity of transmission of water of t
entire soil of full width and full depth

represented by permeability. It is defined as th
average velocity of flow that will occur throug
the total cross sectional area of soil under uni
hydraulic gradient.



Transmissibility:

The term transmissibility is used to indicate t
physical meaning of the permeability, but differ
mathematically. The capability of the soil unit wic
full depth (i.e . Width = 1 and hence A = depth) is
as the Transmissibility



Specific yield:

The specific yield of an aquifer is defined
ratio, expressed as percentage of the volu
water after being saturated, can be draine
gravity to the total volume of aquifer.

Specific yield = (Volume of water drained
gravity)/Total volume



Specific retention

The specific retention of an aquifer is the
expressed as a percentage of the volume of wa
it will retain after saturation against the force d
gravity to its own volume.

Specific retention = (Volume of water to
retained)/ Volume of water



Storage coefficient

The water yielding capacity of a confined aquife
be expressed In terms of its storage coeffi
Storage coefficient is defined as the volume of w
that an aquifer releases per unit surface area
aquifer per unit change in the component of he
normal to that surface. In most confined aquifers, t
value of storage coefficient ranges 0.00005 to 0.005



Unconfined steady flow: Dupits’s formula for
the flow into an ordinary well is based on
Darcy’s law, presented in equation 5.2. The
hydraulics of flow for a well through an
unconfined aquifer is presented in Figure 5.11.
It is assumed that the flow of groundwater is
horizontal and radial towards the center of the
well. The slope of the cone of depression and

area of flow at a distance x from the center of



Well is represented by

. dv
U= o and A =2nxy

Substituting these values in equation

2Kn 0y
— Xy —
Q d dx

- d
or Q = 2nKydy
X -

by integration Q@ Logx = s'rKy’_-i-_ C where C 'is._ a constant.
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_ Cycle 9

Day C
Fory =datx = r, r being the radius of the welland y =D atx =R, R being
the radius of the circle of influence or distance of the outer boundary from the
centre of the well, the equation (16.6) becomes:

_ mK(D? -d?)
— E_—
lugE(r}

Q (16.7)

Where Q = well discharge, m’/d
K = coefficient of permeability, m/d
D = depth of the aquifer, m
d = static head, m
R = radius of circle of influence, m
r = radws of the well, m

The equation 16.7 shows that if the term (D-d) is small as compared to (D+d),
the flow Q varies approximately as (D-d) for a well installed in a particular
aquifer. This linear relationship between the rate of flow and drawdown leads to
the definition of specific capacity of a tubewell installed in-an aquifer. Specific
capacity of a tubewell, therefore, is the rate of flow per unit drawdown, which
may be expressed as m’/d/m of drawdown. |



_Confined steady flow: The flow condition
In an artesian or Rressure well has been
illustrated in Figure 5.12, In an artesian tube
well  the  drawdown  occurs  in the
piczometric surface and the depth of flow
remains constant and equal to the thickness
of the pressure or artesian aquifer m. In the

case of an artesian well:

. d | _
1-% and A=2mxm Substituting the

value of 1 and A in equation 5.2.
Q= Eﬁmnrrﬁvy- e
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Where m is the thickness of the confined aquifer, Integrating cquation (5.9) between the limits x =r
fory=dandx=Rfory=D:

27Km(D -d
o il ) e . (3.10)

log,(—)

The rate of ﬂow Qof an artesian well sunk in a confincd quIfU' is proportional to the drawdown (D-d).

Intcrfercnce o fwell: Interference between two or moiré tube wells occurs when their cone of
depression overlap. Interference reduces the discharges of the interfering tube wells. Ideally the tube

wells should be spaced enough 1o avoid interference. Small diameter tube wells installed in fine

sand will produce too little drawdown to cause interference.




Problems of groundwater development in
Bangladesh:

Groundwater is the main source of water su
urban and rural areas of Bangladesh. Groundwa
Bangladesh is available abundantly, but the aval
groundwater for drinking purposes has becom
problem for the following reasons.

» Arsenic in groundwater

» EXxcessive dissolved iron

» Salinity in costal areas

» Lowering of groundwater level
» Rock/stony layers in hilly areas



Arsenic in groundwater:

The concentration of arsenic in drinking wa
excess of permissible limit is toxic to human
According to the WHO guideline value the desi
maximum concentration of arsenic in drinking w
would be 0.01 mg/l. In Bangladesh the maxim
acceptable concentration in drinking water
considered to be 0.05 mg/l. Symptoms of arsen
toxicity leading to cancer may occur due to excessiv
Intake of arsenic in the human body over a longe
period of time. In Bangladesh the presence of arsenic
In groundwater first detected in 1993 at Baroghori
union of Capai Nawabganj district. Appreciating th



gravity of the problem, water sample testing act
started in 1995 by various organizations and ag
It has been observed that about one in every thre
shallow tube wells is producing water with arsenic
acceptable limits.

Excessive dissolved iron:

In Bangladesh the permissible Ilimit of iron

groundwater is 1 mg/l but iron content upto 5 mg/l |
acceptable for rural water supply. It has been observe
that iron content exceeds this limit in many handpu
tubewells. It has been observed from a survey in
1230 unions in Bangladesh have an iron conten
than 5mg/l. It may be observed that dissolved |



shallow tubewell water in about 67% a
Bangladesh is in excess of 2 mg/l. However iron
In deep tubewell water is comparatively lower. |
areas iron removal plants have been constructed
rural areas community-type iron removal units att
to handpumps are provided.

Salinity in coastal areas:

The concentration of dissolved minerals in groundwat
IS higher than that of surface water. The coastal belt
Bangladesh, extended over 86 upazilas, is identified
a problem area where complex hydrological conditi
and adverse water quality make water supply diffi
compared to other parts of the country. Unlike o



of Bangladesh, groundwater of acceptable
relatively shallow depths, which can be easily
by conventional handpump tubewells Is not ava
most parts of the coastal area. In some places lo
water has been found in deep aquifers. EXpl
drillings with borehole logging have been conduc
many places to locate sweet water aquifers. In rural
supply chlorine content upto 1000 ppm is acceptabl
coastal belts where the normal acceptable limit is 250

Lowering of groundwater level:

Although groundwater in Bangladesh is said to
abundant, a considerable areas of the country
scarcity of groundwater within suction limit in
season



Due to the over-exploration of groundw
Irrigation purposes, the water level declines, re
thousands of suction mode no.6 tubewells inop
In the low water table areas the force mode Tar
Tara-1l pumps are provided.

Rocky/stony layers in hilly areas:

In Chittagong Hill Tracts Districts of Banglades
Drilling of tubewells for water supply is difficult due t
the presence of hard formations in the subsurface. |
most cases conventional drilling methods for th
Installation of handpumps cannot penetrate these h
rock formations. These situations also prevails in
part of Chittagong, Cox’s Bazar, Sylhet, in the n



Mymansing, Netyrokona and Panc
districts. To overcome the situatuation
provide portable water through handp
tubewells, mechanical drilling rings are u
These however increases the installation cos
the water point.



Storage reservoirs '

An artificial lake formed by the construction of dam a<ross av
rvoir, the main object or function of & ¢
nt physical characteristic of a reservoir

alley is termed as a storage reservolr,

Whatever may be the size or usc of a rese servoir 1s o store

water and thus it stabilises the flow of water. The most importa

is therefore its storage capacity. The topographic survey of the dum sitz is carried out and a contour

map is prepared. The capacity of reservoir is then worked out with the help of the contour map.

A storage reservoir essentially consists of the following threc parts:
(1) A dam to hold water.
(i) A spillway to allow the cxcess water to flow and

(i) A gate chamber containing necessary valves for regulating the flow of water.




_Selection of site: Following are the factors, which are to be taken into consideration while selecting
the site for a storage reservoir:

(1) Area of land to be submerged by the construction of reservoir: |
- (1)  Availability of construction materials and possibilities of using local matenals for the

construction of dam;
(i11)  Availability of good foundation bed for dam;
(iv)  Availability of skilled labour for the construction of dam;
(v)  Chances of biological troubles;

(vi)  Characteristics of catchment area;




(vi1)
(vii1)
(ix)
(x)
(x1)
(x11)
(x111)

(x1v)

Density of population over the catchment area;

Distance between the proposed site and the point of distribution;
Elevation of rcservoir level;

Facilities of transport for men and materials;

Geological conditions of basin of storage arca;

Nature of land to be acquired,

Possibilities of earthquake occurrences due to the storage of water,

Quality of water available;

Quality of water likely to come to the reservoir site,




Storage capacity of the reservoir:

Following are the two methods, which are
compute the storage capacity of reservoir

1. Analytical method
2. Graphical or mass curve method




Tubewell Technology:

A large variety of tubewells have been design
abstraction of groundwater and are being use
over the world. The tubewells designed
developed, including those being used in Banglad
may be grouped under 3 categories:

« Shallow tubewells
« Deep-set intermediate technology
« Deep tubewells



Shallow tubewell technology:

In shallow tubewell technology, hand pumps a
operated in a suction mode. A suction pump draw
water from a shallow depth by creating a vacuum
In the suction pipe. The suction handpumps can
practically extract water from up to a depth of 7.5
m static water level. This category handpumps
Include:

* No. 6 handpump tubewell
* Rower pump tubewell
* Disco pump tubewell



/No. 6 Handpump tubewell: In Bangladesh the most common and popular
technology used for abstraction of groundwater is the No. 6 handpump
tubewell. The name of the tubewell is based on its barsel diameter in inches.
About 3-4 million public and private No.6 handpump tubewelis are already in
use throughout the country and a very high percentage of these tubewells is in
operational condition at any time. Before the lowering. of the water table was
encountered, the No.6 handpump was cosisidered to be the only low-cost option
for potable drinking water supply in rural, peri-urban and urban areas where
piped water supply system were not introduced. A typical No.6 handpump
tubewell is shown in Figure 21.2. There are also No.4 and No.2 handpump
tubewells but their use is limited to private tubewells within family premises.




Figure 21.2 A No.6 handpump tubewell

 The average dis
pump is 30-40 lit

« A No. 6 han
Installed properly,
for 15 to 20 years.

* The general compon
No. 6 handpump tube

» Handpump
» Blind pipe (rising pipe)
» Strainer(screen)
» Sand trap



Piston rod
Head cover




Cycle 10

Rower pump tubewell:

* The rower pump is a manually
operated reciprocating pump
with a 54 mm diameter PVC
pipe as the pump cylinder

« The operation of rower pump is
rowing a boat, hence the name
rower pump

* In the high water table areas
rower pump is used for
Irrigation purposes and
occasionally for domestic water

supply

<4— Blind pipe

’

Figure 21.4 A rower pump



* Rower pumps can lift water upto a maximu
lift of 8.5 m.

« The discharge capacity is 0.8 Ips

« The pump is not very suitable for domestic
supply due to poor sanitary protection

* The life time of rower pump is 3- 5 years




Disco pump tubewell:

There are some areas where

the water level goes beyond weun

Barrel ——P

the suction limit for a short
duration.

The lowest level reached such
a depth that if the piston of a
no. 6 pump Iis extended to
about 3 m, the pump could be
kept operational for the whole
year. To meet the water supply
requirements of these areas
the disco pump has been
developed locally

piston rod —
Head cover —» ]
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In Gazipur, it is known as half cylinder pump

The 75 mm diameter Gl pipe is used as the
upto 3 m below the ground surface.

The discharge from the pump is equal to that of
6 hand pump but requires comparatively more fo
to raise the water

The limitation of the disco pump is that it can onl
used where the water level will remain within 1
from the ground surface



Deep-set intermediate technology:

« Shallow tubewells operated under suction mo
not able to withdraw water in low water table ar

« Water can be abstracted from a depth beyond
suction limit using the intermediate technology.

« Deep set handpumps can abstract water from a
as 30 m from the static water level.




Hand pumps in this category include:

« Tara handpump tubewell

« Moon handpump tubewell

« Bangla handpump tubewell

« Mark —Il handpump tubewell

e Other locally produced, improvised deep-s
pumps




Tarahandpump tubewell:

« The no.6 handpump
tubewell is inoperable in
dry season, to
overcome this problem
the Tara handpump has
been developed Iin
Bangladesh by
UNICEF, and the UNDP
World Bank program, to
tap water from upto 15
m below the ground
surface.

Handle

Top guide bush C)/C|e 10

g Pumphead Day C
Spout
Flange
; v L
S, /‘///;/%‘ Plasiom
Pump rod l Rising main
-
Cap seal
Riser main
centralizer
Piston
Cyfinder Assembiy
Borehole
casing
Foot valve
J%
r Lower well
casing

Strainer

—— Sand trap

\/ End cap

Figure 21.6 Tara handpump tubewell



« A properly installed and maintained Tara han
should work about 10 years without major pro

 Because of the direct action, the force is t
applied directly by the operator without having
mechanical advantage

« Tara handpump provides moderate output m
m3 /day for 7m lift and very low output max
m3 /day for 12 m lift



Tara —Il hand pump:

* In some areas of the country; the water lev
dry season goes down below 15m which is
lowest normal functioning range of T
handpump.

* In order to withdraw water a deeper aquifer, th
standard tara pump is modified

 The piston assembly is set at 30 m and all other
aspects of the tara hand pump is remain th
same




Cycle 10
Day C
ﬁ' Handpump
Moon hand pump tubewell:
f:: r—Platform
« The moon hand pump
tubewell is the modified 4—— Pumprod
version of Tara hand pump
 The direct action tara hand N
pump tubewell is found to be |
uncomfortable to the usurers - & |
. B i— valve
particularly to woman Font vl
2-4——— Strainer
/<—— Sand trap

-+——  End cap

Figure 21.7 Moon handpump tubewell



Considering this difficulties, the head of the
pump tubewell has been replaced by that o
hand pump to get the advantage of the lever ac
PVC pump rod has been replaced by steel ro
moon pump

A good number of moon hand pumps have
Installed in Naogaon, Chapai Nawabgan,
Manikgan] under the Dutch assisted 18 district t
project

The maximum discharge of a moon hand pump I
Ips.

It is suitable for lifting water upto 25 m



Bangla handpump tubewell:

« This is a modified version of the moon hand pu

« The difference with the moon pump is that
upper well casing is of smaller diameter PVC pip

« The lifting capacity of the pump is limited to 15 m
« A performance evaluation of the bangla pump was

conducted for a short duration of two years an
was found to be functioning satisfactiory.




Mark —Il hand pump:

Inspection
cover

cle 10

= r\:I— H;mDay C

Chain

Spout
Casing pipe

» The mark —II handpump tubewell,;;

widely known as the Indian Mark —

Il Is the most popular tubewell In
India and widely used In many
other countries in the world

lifting water from a depth of over
30m

Although the Mark-lI handpump
tubewell has not yet been installed
and familiarized in Bangladesh, it
may serve the demand of a robust
hand tubewell in low water table
areas

Water tank

18— . y
Connccung

rod

b

Riser pipe

-
Platform

e
%

Piston rod

Pump

It has a deep-set pump capable of TS f_‘

Blind pipe

Strainer

Sand trap

Figure 21.8 Mark II handpump tubewell



21.5 ALTERNATIVE WATER SUPPLY TECHNOLOGIES

Technological options

The type of handpump technology suitable for a particular area depends on the
groundwater level. water quality and hydrogeological conditions. There are
come areas like the coastal belt in the southern part of Bangladesh, where the
conventional shallow and deep tubewells technologies are not successful due to
the high saiinity. Alternative water supply options are needed for those areas.
The important altemative water supply technologies include:
o Shallow shrouded tubewell (SST)

Very shallow shrouded tubewell (VSST)
Pond sand filter (PSE)

Household filters

Solar desalination

Rainwater harvesting.




Shallow shrouded tubewell (SST)

In the high salinity coastal areas it has been found that fresh water is available in
shallow Equifers composed of fine sand at 15 to 20 m depth. This is due to
accumulation of rainwater in the topmost aquifer. However, the particle size of
soil and the depth of the aquifer are not suitable for installing a normal
tubewell. To get water through these very fine-grained aquifers, an artificial
sand packing is required around the screen of the tubewell. This artificial sand
packing. called shrouding, increases the yield of the tubewell and prevents entry
of fine sand into the screen. The 15 to 20 m deep tubewells, installed with this
technology are called shallow shrouded tubewells (SST). The SSTs are fitted

with No.6 handpumps operating under suction mode. A typical SST with
componeants 18 shown in Figure 21.10. '
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shallow shrouded tubewell

Figure 21.10 Shallow and very




Very shallow shrouded tubewell (VSST):

* This is a low-cost handpump tubewell about 8
depth with a 2 m strainer shrouded with coarse
sand.

It is designed to collect water from very shallow
aquifers formed by displacement of saline water b
a continuous flow of accumulated fresh water.

« AVSST iIs a convenient method for withdrawal of
fresh water in limited quantities.




Very shallow shrouded tubewell (VSST):

« This system is considered suitable for drinking
water supply for settlements where water deme
IS low.
 AVSST is not different from an SST expect in tl
depth of well
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Figure 21.11 Pond sand filter




Pond Sand Filter (PSF):

« An alternative and popular option of potable w
supply in coastal areas in the pond sand filter (

« The water from the pond is pumped by a manua
operated hand tubewell to feed the filter bed, whi
raised from the ground and the treated water is
collected through taps

« On average the operating period of a PSF between
cleaning is usually 2 months




Pond Sand Filter (PSF):

* The problems encountered are low discharg
difficulties in washing the filter bed

 Itis very low cost technology with very high effi
In turbidity and bacterial removal

« Though it has a very high bacterial removal effici
It may not remove 100% of the pathogens from he
contaminated surface water.




Household filters

Surface water containing impurities can be clarified by a pitcher fijter w0t or &
small sand filter at the household level. It is an old method of water purification
once widely used in rural areas of Bangladesh. These processes of alee
treatment at househola level have been phased out with the introduction of
tubewells for village water supply. Pitcher filters are constructed by stacking a
number pitchers (Kalshis), one above the other, containing different filter media
as shown in Figure 21.12. Raw water is poured in the top Kalshi and filtered
water 1s collected from the bottom one. In this process, water is mainly clarified

by the mechanical straining and adsorption depending of the type of filter
media used. 7
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Figure 21.12 Pitcher (Kalshi) filter

Figure 21.13 Small household filter
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Small household Filters can be constructed by s
about 300-450 mm thick well graded sand ona 1
mm thick coarse aggregate in a cylindrical contain

The important characteristics of household filters ar

« Suitable for surface water treatment

* Remove turbidity, colour and micro-organisms

« Complete removal of pathogenic micro-organism
not guaranteed

* Not suitable for high turbid water

 Difficulty in cleaning and keeping the system
operational



Cycle 11
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Figure 21.14 Infiltration well/gallery constructed along pond/river



Infiltration well/gallery:

 Installation of infiltration wells/galleries alo
banks of rivers and ponds provides clean wat
for domestic purposes

« The main problem encountered with infiltration
galleries is the sanitary protection of water.
Water without proper sanitary protectio
becomes soon contaminated.




Rainwater harvesting:

« The average annual rainfall in the costal and hi
regions is more than 3000 mm, against an aver
rainfall of about 2400 mm in Bangladesh

« The collection and storage of rainwater is an
alternate option of water supply in these areas

« Rainwater harvesting is a potential water supply
option in the acute arsenic affected areas in
Bangladesh




The two main constrains in developmen
completely rainwater based water
system:
 Avallability of suitable catchment area

* The need for larger storage tank




{able

21.1: Advantages and disadvantages of rainwater collection systemn

Advantages

Disadvantages

L]

e’ @8 0

A

The quality of rainwater is comparatively
‘gﬂr.:-d

The system is independent and therefore
suitable for scattered settlements

Local materials and craftsmanship can
be used in construction of rainwater
system

No energy costs are incurred in running
the system

Ease in maintenance by the owner/user

The system can be located very close to
the consumption points

¢ The inihal cost may prevent a
family from installing a ramwater
harvesting system

e The water availability is limited by
the rainfall intensity and
available roof area

¢ Mineral-free rainwater has a flat
taste, which may not be liked by
many

e Mineral-free water may cause
nutrition deficiencies in people
who are on mineral deficient
diets

« The poorer segment of the

population may not have a roof
suitable for rainwater harvesting




The avallable rainwater can be estimated by t
equation:

Q= CIA

Where, Q = total quantity of rainwater available |
m3 /year
C = coefficient of available runoff
| = rainfall intensity
A = catchment area in m?




The minimum catchment area A required for th
of rainwater for N number of people supplied w
per capita per day of water can be derived
equation

A= 0.365 g N /(CI)

About 25 % of the rainwater may be assumed to b
by evaporation and by washing the catchment area.
catchment area is usually washed using first rain, w
produces inferior quality rainwater. For an average an
rainfall of 2.4 m/yr, and a coefficient of runoff Of
equation can be written in the following form

A=0.203qN



The minimum volume of the storage rainwate
required for rainwater can be computed by the eq

V=0.365fgN

However, if only drinking and cooking water is harv
the sizes of the storage tank and the catchment
would be smaller and within an affordable range f
family. Substituting f =0,4 in equation the minimum
of storage tank required for rainwater becomes

V =0.146 g N



Design, construction and maintenance of tube

The design of tubewells mainly involves the sele
length, diameter, and slot opening of the scree
design of the shroud materials, on the basis
available aquifer characteristics.



The size corresponding to 10% finer is called the effective size, which governs
the permeability of the aquifer. The ratio of the size corresponding to 60% finer
and the effective size is called the uniformity coefficient, which defines the
uniformity of the grain size. Thus uniformity coefficient can be expressed as:

' U:Da/Dw (21.1)

Where U =.uniformity coefficient, D,, = grain size corresponding 60% finer
and D), = grain size corresponding 10% finer, i.e. effective size. The aquifer

materials having twice the effective size and a similar uniformity coefficient
have four times higher permeability.




The best aquifer for screening is determined by comparison of the grain size
analysis curve of the materials along the depth of bore hole. The slot of the
screen should be such that it will retain only 40 to 60% aquifer sand. The grain
size corresponding to 60% or 50% finer as shown in Figure 21.9. will determine
the slot size of the strainer. If the slot size is required to be increased, the
tubewell has to be shrouded with coarse-grained materials.

100
$ ool
g 60 :
:; ol
’g 20|
° 0 "

DwSize Y DioSize
Strainer Size
Grain size —p»

Figure 21.9 Grain size distributio‘d curve




The length and diameter of the strainer will be determined on the basis of
permissible entrance velocity, percent opening of the strainer and thickness of
the aquifer. The length and diameter of the strainer required may be calculateq

from the expression:
Q = DL (001p) v, o (21.2)

Where Q = design discharge of the tubewell, D = diameter of the screen, L =
length of the screen, p = percent opening of the screen, generally dependent op
slot size and available from specification, v, = permissible entrance velocity.




The entrance velocity while the water is entering into the screen should not
exceed 0.03 m/s. An entrance velocity less than 0.03 m/s results in low frictional
head loss in the screen, low encrustation and corrosion. The entrance velocity
should be maintained in the range between 0.03 and 0.010 m/s.

The length of the strainer should also satisfy the requirement corresponding the
thickness of the aquifer. Only about 70 to 80% of a homogeneous artesian
aquifer can be screened provided that the pumping water level does not fall
below the top of the aquifer. In the case of a water table aquifer the bottom one-

third to half of the aquifer can be screened.




If the particle size of the aquifer material is very fine or the depth of the aquifer
is insufficient to provide a suitable screen, the tubewell may be shrouded. The
tubewell may also be shrouded to obtain higher discharge. The shrouding
materials retain the aquifer sand and prevent it from entering into the large
slotted strainer. Theoretically, the maximum pore size of spherical granular
material is one-sixth of its size. The shrouding materials selected must be 4 to 6
times larger than the size of the aquifer sand corresponding to 70% retained or
30% finer, and must have a uniformity coefficient less that 2.5. The procedure
for the design of the shrouding materials is as follows:




" and uniform or 6 if the sand is coarser or non-uniform. Locate the result of

Draw particle size distribution curves of all the visible different strata of the
aquifer sand where strainer of the tubewell will be located. Select the particle
size distribution curve of the finest sand for the design of the shrouding
material. |

Multiply the 70% retained size of the sand by a factor 4 if the sand is fine

multiplication as 70% retained size of the shrouding material. This is the
first point of the curve that represents the artificial shrouding material. |
Draw a smooth curve representing a shrouding material with a uniformity
coefficient of 2.5 or less through this 70% retention point of the material. [t
1s to be done by trial and error. -



e Prepare specifications for the shrouding material by selecting four or five

standard sieve sizes that cover the spread of the curve and then set down the
permissible range for percent retained on each of the selected sieves. The
permissible range may be 8% above and below the percent retained at any

point on the curve. _ _
e Finally, select the size of the slot of the screen that will retain 90% or more

of the shrouding material.

A very thin layver of shrouding material less than 25 mm thick can retain the
aquifer sand, but it is impractical to place a thin gravel pack in a well and expect
the material to completely cover the surrounding of the screen. A minimum
thickness of 75 mm 1s considered practical for installation in the field to ensure
an envelope of shrouding material around the screen along the entire length.




In case of shallow and very shallow sl
tubewells a shrouding sand having D, Size C
retention size of 0.008 inches. Fineness modl
1.6 and uniformity coefficient Of 1.5 is performi
In case of No. 8 (0.008 inch) slot screen in Banglac




Sinking of handpump tubew

 Sludger method
* Rotary drilling method




Design of distribution system:

The Hazen Williams equation can conveniently
used for a hydraulic design of the branched or
looped network. The equation can be written in th
form of:

Q = 3.7 + 106 CD263 (Z

Where, Q= Flow Ips,
C=roughness coefficient (100-140 for
rough to smooth pipes)
D= diameter, in m
H= head loss in m
L= length of pipe in m



For a definite value of C the equation can

written as

H 10601.85

7= 1.39 X Yy cereennnnn(2) For C=13
H 106 1.85 —_
T=1.59 xSE (3) For C=12D

The process involved in the design is to make a
pipe layout, assume the pipe size then work out
the terminal pressure head which could be made
available the end of each pipe section when




discharging the peak flow. The available pre
heads are checked to see if they correspon
permissible residual pressure heads. If not
pipe size is changed and the system
reinvestigated until satisfactory conditions a
obtained.

Branched network:

The following design procedure may be adopte
for branched network:

1) Collect / prepare a map of the area to b
served with roads, streets and other features a



make a layout of mains, sub-mains and
Including location of valve and other appurtenan

2)Estimate the peak flow at different points and d
the quantity flowing through each section of th
Peak flow = average daily flow x peck factor

3)Assume pipe sizes of all the pipes in the netw
calculate the approximate pipe size the velocity
assumed to be round 1m/s.

4) Calculate the frictional head loss per unit length o
and then multiply by pipe length of pipe to find t
head loss



5) Determine the terminal pressure head tak
change in the elevation of the pipe into account.

6) In case of a difference computed terminal pre
and the permissible pressure head revise the
size.

Looped Network:

In any looped pipe network two condition must b
satisfied.

1) The flow entering in a junction must equal the flo
leaving it.

2) The algebraic sum of the pressure drop(head
around any closed group must be zero.



Pipe network problems in water distribution sy
usually solved by methods of successive approxi

The equationis H=kQ*................. (4)
In which k Is the constant developing on the
diameter, and roughness of the pipe as well as th
property, x is the component equal to 1.85 for
Williams’ equation and 2 for the Manning equation

Hardy Cross developed a method of success
approximation in which circuits are balanced, distributi
of flow is determined and the above two conditions of fl
Is satisfied . The solutions for pipe network prob
suggested by Hardy Cross requires that the flow |
pipe be assumed so that the principle of co
satisfied at each junction. A correction A, to th



flow is computed successively for each pip
the network until the correction is reduce
acceptable value. If Qa is the assumed flow a
the actual flow, then the correction is

Q _Qa e



Expanding the equation

TkQ.* +XTkQE M+ TETRATQ A 2.+ =0....]

If A is small compared to Q the third and all succ
and all successive terms of the equation (7) ma
neglected, hence

YRQ,S +xYkQX 1 =0, (8)

Solving equation (8) for A
A= -YkQ," /xykQ 5 or
__2H
A= — XS H (9)
Qq




a Qabc

v

Qadc
Qadc

-
»

Fig: A looped network for flow analysis

Consider the simple loop shown in figure
arrowheads showing the assumed direction of flow a
head loss , the correction A can be calculated by

(Had'l'

A= =[(Hgp + Hpe) — (Haq + Hyp)]/x[ Lt oe) 4

Qabc




The procedure for the Hardy Cross Method of
network analysis is given below.

1) Carefully examine the network and assu
reasonable rates of flow in each pipe such th
iInflow equals outflow in each junction

2) In each loop, determine the head loss, H an
H/Q for all pipes

3) With due attention to sign compute the total
head loss around each circuit

4) Compute ) H/Q for the same circuit without
giving any consideration to sign

5) The correction A is computed for each loop by
the equation (9). The minus sign may b
disregarded if the correction so obtaine
made by inspection.




6) Apply the correction to each pipe in each
When the sign of A Is negative decrease
clockwise flow and increase the counterclock
flow. When the sign is positive there will be
versa. Pipes that are common to two loops requ
double correction

7) With adjusted flows repeat the procedure for th
second approximation. The procedure is continued
until the desired accuracy is attained.



Example 1. Calculate the flow in each of the pip
the following pipe network.

A B

[
»

45 Ips 800 m- 200 mm dia

400 m-
150 mm

D 800 m- 150 mm dia




Solution: First trial with assumed flow Q,

Step 1
Pipe | Length | Dia Q, Ho/L Ho Ho/Qo
m mm Ips mm m
AB 800 200 | +25 0.0038 | +3.04 0.1216 | 0.54
BC 400 150 | +13 0.0046 |+1.84 0.142 |0.54
AD 400 150 |-20 0.0102 |-4.08 0.204 |0.54
DC 800 150 |-8 0.0018 |-1.44 0.18 0.54
Sum=- | Sum=
0.64 0.647
— XH _ .
A= — =5 =0.64/(1.85%0.647) = 0.54

Qa




Step 2.

Pipe | Length | Dia Q, Ho/L Ho Ho/Qo
m mm Ips mm m
AB 800 200 |25.54 |0.0039 |+3.12 0.122
BC 400 150 |13.54 |0.0049 |+1.96 0.145
AD 400 150 |-19.46 |0.0097 |-3.88 0.2
DC 800 150 |-7.46 |0.0017 |-1.36 0.18
Sum= Sum=
0.14 0.649
— XH _ .
A= — 0.14/(1.85*0.649) = 0.12

oH =
Qa
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Following are various m o hod will naturally depend on the
projections and the selection
available data: :

(1) Arithmetical increase method

(2) Geometrical increase method

(3) Incremental increase method

(4) Graphical method

(5) Comparative method

(6) Zoning method

(7) Ratio and correlation method

(8) Growth composition analysis method

(9) Logistic curve method.

f met

A brief description of each of the above method of forecasting
population will now follow: '

(1) Arithmetical increase method: In this method, the average
increase of population for the last three or four decades is worked
out and then for each successive future decade, this average is added.
This method gives low results and it is to be adopted for large cities

which have practically reached their maximum development
) A

ropfem 2.3,
v Tﬁe censu .
Presenl.‘.s..r.e.c.o -’f’:sf)f‘a aty show population as follows:
| Belore one decade ..................... 50000
Before two decades ................... 47100
I Belore three decades o ey S e 43500
Work out the probabe cer oo """ T e 41000.
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Present and first decades = 50000 - 47100 = 2900
First and second decades = 47100 - 43500 = 3600 -
Second and third decades = 43500 - 41000 = 2500
Total M
Average increase per decade = % = 3000.

The population after each successive future decade is obtained by
adding this average as follows:

Population after one decade = 50000 + 3000

= 53000
Population after two decades .= = 53000 + 3000 = 56000
Population after three decades = 56000 + 3000 = 59000.

(2) Geometrical increase method: In this method, it is assumed
that the percentage increase in population from decade to decade remains
constant. From the available census records, this percentage is fixed
and then population of each future successive decade is ‘worked out.
The flixation of percentage in case of developing cities should be done
carefully. Otherwise this method is likely to give very high results.
This method gives better results for old cities which are not undergoing
further development. :

As the increase in population is compounded over the existing
population every decade, this method is sometime also referred to
as the wniform increase method.

The assumed average growth rate can be computed in the following
two ways: ) ' :

(i)  Arithmetic average: The average of the percentage growth
rates of the several known decades of the past are worked out and
then, by taking the arithmetic mean, the constant increase per dea(?e
is obtained. Let a;, &, &, etc. be the percentage increase In
population from decade to decade.

' ay + ay + a3 + ...

Then, - a=
. n
where a = arithmetic average
n = number of decades.

(ii) Geometric average: In this method, the average growth rate
is obtained by the geometric average as follows:

L]
a = '\/81 X 3, X a3 Wiinissers
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Solutlon: age: The ercentagé increase In population
rithmetic averas= follows:
(1 B)('j ato fecade 1S worked out as 47000
from decade 2_0‘0_0—9_____,_ x 100 = 6.16

des 47100
Present and first deca
' : 47100 - 43500 % 100 = 8.28
-— /—'— .
First and second decades = 43500 "
) 43500 - 410 X 100 = 6.10
Second and third decades = —’Tl—or Sk
. Total 20.54
2054 _
Average percentage === .6.85, say 1.

The population after each successive future decade is obtained by
adding this percentage increase as follows:

Population alter one decade = 50000 + 50000 x 0.07 = 53500
Population after two decades = 53500 + 53500 x 0.07 = 57245

Population after three decades = 57245 +57245x 0.07 = 61 252.
(2) By geometric average: In this case,

&’agrage population = V] 6.16 x 8.28 x 6.10
\CTERE

v « = 6.78, say 7.
- Hence the population
same as above, '

aft "
& each successive fytyre decade will be

(3) Incrementy Incre, ]
sbon irease  method: This i
is first worknelstho(:i& "’ o o
values, the jncre
the advantages
v satis!actory result

Problem 2.5,
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Period ‘ Increase of population Incremental increase
Second and third decades 2500
+ 1100
First and second decades 3600
- 700
Present and first decades 2900 -
Net + 400
Average incremental increase = 400 = 200.

Average arithmetical increase } — 3000.

as worked out in problem 3

The population after each successive future decade is obtained by
adding arithmetical increase and this average incremental increase as
follows:

Population after one decade = 50000 + 3000 + (1 x 200) °
= 53200

P-pulation after two decades = 53200 + 3000 + (2 x 200)
= 56600

Population after three decades = 56600 + 3000 + (3 x 200)
= 60200

(4) Graphical method: In this method, a curve of population against
time is drawn for the city under consideration. The known census
records are put up on the graph to get the shape of the curve. The
curve is then carefully extended from present to future decades and
the population after each successive future decade is read from the
curve. The extension of curve in future decades should be based on
personal judgement of the designer and it should be assisted by probable
future conditions and past history of the city.

Il may be noted that graphical method indicates -the graphic
representation of previous mathematical methods. The nature of extension
will determine the mathematical method.

- Problem 2-6.

Work out problem 2-3 by using the graphical method.
Solution:

The population in thousands is plotted against decades as shown .

in fig. 2-2. The population after each successive future decade is obt_aincd
by extending the curve, shown by dotted line in fig. 2-2.
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nd Sanitary Engineering

ly 3 . ) o
Water SupplY o unit of storageé against height of
0
2

88

; illi L
The curve of costin R5-i,-(,mlig .26 and it lnd|C21:<2-°«ct‘£?:‘t :::t molst
el has s(hc;\;rr:‘ with respect 10 the constru only
economic height ©
is 70 m.

Problgm 3-3.

i be well of diameter ) T
discharge of 2 tU
) kCalculagfc \.\t:rz:teer bearing strata and drawdo.wn are re:Eec;lvely ](E)":2
‘h'; 4es:n Assume the radius of circle of influence 00 m
an ' »

permeability as 20 m3 per unit area per day.
Solution:
2_ p2
Q= aP (H - h ;;
2.303 |Og|0 -;

In the given problem,

p =20 m> per unit area per day
H=10m
H-h=-4m
or h=H-4="10-4=6m
R =300m
r = 40m.
s 4 1% 20 x (102 - 62)
Substituting, @ =
| 2.303 % logyg o0
' 0.40

_7x20x16x4
T 2303 x 2.8751
607.30 m3 per day.

ya

prg);ém 3.4.

.The dfam-eler of a tube well is 50 c¢m. It is constructed in an
aquifer of thickness 14 m. The radius of cirdle of influence is 225

m. Assuming permeability as 30 m3 per unit area per day, calculate
the drawdown when the yield of well is 1900 m3 per day.

“Solution:

Q = *P (HY - p2)
-
2303 log,q X

r

i‘i -

ha |

—— PR S, e P e o -
o e e —— > e an e, NSNS L

e g

Sources

In the given problem: -

;\‘ Q -
P=130m per
H=14m
R=225m
r = 25 cm.
Substituting,

1900 x 2.303 x 2.4771
115

h2

h

Drawdown

1900 m? per day

1900 =

*

of Water Sy I
PPly .

unit aréa per day

X 30 x (142 = p2)
225 =
2.303 log, 222
910 535

= n X 30 (142 - 42)
= 142 - 42

81

9 m

(H-h) =14 -9

=5m

Problem 3-5.

In a recuperation test, the following results were obtained:

Initial depression head =
Final depression head =
Time of recuperation =

Diameter of well

8 m
5m
2 hours

4 m.

Calculate the specific capacity of well and yield under a head of 3 m.

Salution:
K = 2303 A log L
TOTT T T HY
. In the given problem,
A= 1X 4% _ A2
— 7 = 4:
T = 2 hours
Hl =8m
H2 =5 m
: 4n 8
Substituting, K = 2.303 5 log 5 '
= 2.95 m3 per hour under the head of one metre.
Then, Q= KH 3
— 295 x 3 = 8.85 m” per hour.
I
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o g yield of 360 litres
)| to g',ve4 m and the aquifer

: T d is
Find the diamelerf) y  hes
per minute. Th ork:;?\d.
soil consists of coarse
Solution: 0= [f_] Al
. ’ !
iven problem: g .
i q = Yield of well in @ per h
M =216 m> per hour
e 4 in m? per hour per m?
essed In
K _ 1 for coarse sand expr Rkt o
A of area of well under one me

= ’-‘-12- where d is the diameter of well in m

4 m.

\

Substituting,
21.6

2
nd
_ 2% x4
=1X 2

2 =28 =
b1¢
4 = 2.62 m, say 2.70 m.

Problem 3-7.

From the following dala, work out the most economical size of
tube well:
Yield of well . 7200 m3 per day

Thickness of confinedaquifer = 30 m
Radius of circle of influence : 300 m
Drawdown :5m
Permeability : 60 m> per unit area per day-
Solution: '
Q= ZT2PH-n
l R
qg -—
In the given problem, I

Q@ = 7200 m? per day

= 3 i .
P =60 m’ per unit area per day

R

|
'.
{
|
{
|

l

e P ——— T — —— e

\

a

\

\

t =30m ater Supply i
(H-h) =5 m '
_ R = 300 m.
i' Substituting, .
7200 = £712X 60 x 39 4 5
log @
_ r
log 220 =340 . 300
r : T = 2512
r — 300 v
=.—— x 100

3512 = 11.94 ¢m, say 120 mm.

Proble\nyé&

: A‘ tube wel_l having diameter of 20 ¢m
of thickness 25 m. If drawdown is 4.50 m and permeability is 40
is 4

3 ; -

m~ per unit area per day, calculate the vi s
‘ Y, e yield of tu in litz

per hour. Assume the radius of circle of influence as gi)f;”:rl\l " i

aps an artesian aquiter

Solution:
Q= 212 Pt(H-h
| R
og —
. r
In the given problem,
P =40 m’ per unit area per day
t =25 m .
(H-h =45 m
R = 300 m )
10
= —=010m
_ r =300 M
Substituting,
Q= 272 x 40 x 25 X 45
. log L
0.10
— 12240 _ 352017 m3 per day
34771
_ 3520.17 . 4000
24 :

— 146673.75, say 147700 litres per hour.
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oy EngineeTi™ :
t .
_ 3
o DOWET for the \\»Qrki g
106 110 :“_\'UVP v ng ‘
mps: ol |
r puii s use |
power foT PEEZ " . ps art _ |
! oWl mE\hmD ..o engINE {
.CO”U\UAQ o CE\;O,'"‘" ¢y g
ps: 3V motor-
of pumps: . ciecric mote ) !
(1) Stear engin (&) Bt ety deserbe |
- A crgme . oW e Of :
(2) Diesel \ove mechine will 7 . is clumsy and old fashioneq
e ol e T sesm €47 w consumes more fuel ang
3 (1) Steam engmec.)ll;: o & pre-eni-;e Also there is considerap),
? . Aty out - orking stage- k :
nis pradl@i’e 1o come 10 the ¥O xlopPe“‘ for cooling. 1L is howeye
tzkes more “:y when it i beind Sir_.,uations where fuel is Cheaply
loss of ener@y %% ced for large TS 60% to 70%.
reliable and can be ysed | cine is about

roncy of steam &hs
availeble. The efficiency

7e: The.initial €8t of this type of engine is higy
(2) Diesel engine: The.

<. 1t requires skilled supervision.
and it produces noise ci;xur:jyuac:rk;:m:l erngine o .il ta}FeS Vi,
lT“ed ea?g?:cels |? ox1s Sr(e)ﬁab]e and cor".suumes ;Bf quantity of fuel. The |
:’?iciency of ;iiesel engine is about’ 10% 10 . %. N |
(3) Gasoline engine: In this 1ype of engine, t Ptlgis olin adgezfgl__
is used as fuel. It is therefore very costly 'and hence i y 2dopted.” ™
It is suitable for working as stand-by units of pumps.

(4) Electric motor: This is the modern m‘achine to create power
for pumps and it is used for small 2nd medlu_rr? plant;. The motor
is compact in design and can be switched on immediately. It runs
smoothly and it is free from dust and smoke. It is found to be cheap
at places where electricity can be developed economically. However,
in case of sudden failure of electric plant, the whole system of water
supply comes to a standstill and causes great hardship. Hence it is
2dviszble 1o keep diesel engines or gasoline engines as stand-by units
along with electric motors. The elficiency of electric motors is about
90% to 95%. .

The above are the four machi
power for the pumps anq depen
nature of pump,-etc.; 3 Suitable

Nes which are adopted for developing"
ding upon the facilitjes, fund, design,

machine is recq
Horse-power of pumps: mmended. _
The horse- . _ : [
2 p°:’ '\::;‘:"e: e pumps i worked out as follows:
" of water i ]
~eo 1= total heag m.. 9 per second
Then.. HP L w :

! : ST

herse
of pu

Then,

where

Let

Then,

or

PRy 107

tp.m.ver or W.H.P. and the brake
dividing W H.P. with the efficiency

This is known as the water horse
-power or B.H.P. is obtained by
mp and mator.

E = combined elficiency of pump and motor.
WH
BIF- = 3E:

In this equation, the value of H is obtzined by the following equation:
H= h+ h[ )

h = total static head or diiference in level between the

lowest water level in the well and full supply level
of the tank

h; = head lost in friction.-
= Coefficient of friction
= Length of pipe in m
= Velocity of flow in m per second

f

/

v

g = Acceleration due to gravity = 9.81 m/sec?
d = Diameter of pipe in m :
Q = Discharge in m’ per second.

Q ﬁ

= v
4

4@

>
ad
Then, according to the modified Darcy-Weibach formula,

he _ A fl « (49)2
' T 200 T Tx 981 xd . X
Q2 . © 3
1214 B
‘Note: In working out the total head, the loss of head due to friction only
is considered as other minor losses of head are generally negligible.

<

Problem 4-1.

A city has a population of 60000. It is to be supplied with water
at 250 litres per head per day. Calculate the B.H.P. of motor to raise
the water to an overhead tank 60 m high. The length and diameter
of the rising main are 300 m and 30 ¢m respectively. The el_ﬁ;le:“cz
of motor is 95% and that of pump is 60%.- Assume f = 0.0
Peak hour demand as 1.50 times the average demand.
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golutlon:
Average

peak hour dtlmnd

W = 1000 x 026 =
h o= 60m
ek
h‘ — ——"’;
12.1d )
0.04 x 300 x (0.26)° _
Y =
12,1 x (0300
H = h+ hl

27.82 m

— 6000 +27.82=187.82 m

E = 095 x 0.60 = 0.57.

WH
Hence, BHP. = —
ence =E
_ 260 x 81.82
75 x 0.57
= 534
Problem 4.2,

Design a pumpin

. g station to raise w :
2 sedimentation tank 0 raise water rom an intake well to

with the following data:
Water 1o be rajseq per day
Length of suction pipe
Length of rising main
Coelficient of [riction
Diameter of pipe
Shifts of warkiq
Curation of e3¢

Combimd effici
Q -
Stati <Y of mot
3¢ head thrgygy, whi :;z:d pump
s to be Pale.

1

]

18000 m’
40 m
150 m
0.04

50 cm

2

8 hours
80%

e

Pumps
golutlon:
Water requirement per day = 180060 m?
Total pumping hours C = 2% B o= 16,
pequired pumping capacity per hour = ,‘ .if’?_g(’_ = 1125 m°,

Note: Since requirement ol water per day is 18000 M’ and the
pumps are 1o work only for 16 hours per day, the required purmnping

capacily PeT hour is obtained by dividing daily requirement by 16
and not by 24.

—JLZM = 0.31 m> per second

60 x 60 ¥

W.= 1000 x 0.31 = 310 kg per second
h=2lm ’

h fQ% _ _ 0.04 % (40 + 150) X (0.31)2
12.1.d° 12.1 x (0.50)°

1.95 m

h+h =21+195 =229 m

0.80.

WH

15E

310 x 22.95

=2~ °-=7° = 118.60.
75 x 0.80

Q per second =

o

1

H =
E
B.H.P.

1

Hence,

pumps as stand-by units.

Provide 4 units of pumps, each having B.H.P. of 30. Thus the
total B.H.P. would .be 120. Provide 2 such other additiona! units of

Problem 4-3.

%_ The water is to be pumped from a jack well to the service reservoir
| situated 2 km away. Work out the capacity of pumps and motors

lrom the following data:

Water to be raised per day = 8000 m’

Total hours of pumping = 16

R.L. of water level in jack well = 322.00
i R.L. of F.S.L. of reservoir = 342.00

Depression in water level during pumping = 1.50 m

Friction in rising main

Other losses of head due t0
bends, valves, etc. = 1m

| Combined efficiency of pump and motor = 63%
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gineerInd y Pumps 1
y and ganitary End ol oo , ‘
P na *
water SPF 3 : Q= e X v
110 ~ gooom 4
Solutlon: cal Y1 day _ 16 where Q= dlSChaI'g}e
Water to be 1 ors 8000 _ 500 mJ. = 0.'03 m-~ per second
Total pumping ket 216 : d = diameter of rising main
ired pumping capacity P ) ond v = velocity
Require 500 0,14 m" Per sec = 180 c¢m per second.
= —==7 d
q 60 X 60 140 kg per secon P dZ :
0.14 = 0.03 = —x 1.80
= 1000 X d
W= 2) + depression hea 4
p =342 = 32 4 X 0.03
50 = 2'-50 m p ‘ d = .
20+ 1 X ' 3 7 % 1.80
po=ix2=2m = 0.1456 m, say 0.15 m.
Other losses = 1M T W= 1000 x 0.03 = 30 kg per second
{ = h+ by totne - h = (200 - 192) + (215 - 200) + depression head
za15042+ 1220 =8+154+45=28m
£ = 0W3/3 . ho— NG
Hence, BHP. = 5o 12.14° X
140 X 24.50 ‘ . - 0.072 x 200 x (0.503) = 14.22 m.
~ 5% 0.63 12.1 x (0.15)
= 1259, Ho= h+h
Adopt 2 pumps of 40 B.H.P. each together with one stand-by unit = 28+1422=4222m
of the same capaclly. | E = 0.75.
2{91’@"1 4-4, | Hence, BHP. = 71;%
mnkﬂ{i’t;:l‘:leoru:stlm ge”ralsed [rom a tube well to an overhead storage = 30 x 42.22
[Ono-wmg ity he BH.P. of the electro-motor pumping set from the _ 2725520.75 |
Discharge of 1y i : i tand-by unit
Lot e well = 30 litres per second Adopt 3 unlts. of 10 B.H.P. each together with one stand-by
ngth of rising main _ of the same capacity.
Coelficient of friction =200 m : :
R.L. of ground leve| = 0.072
R.L. of water leyel iy the wel) = 200.00 - QUESTIONS
sfres‘slon head = 192.00 1. Why is pumping of water required in water supply Pf?iedS? :
C‘ 01 Waler level Overhead =5m 2. What considerations govern the choice of a particular type o
ombined elfiien k- L ~
¢y of = 215.00 pump? ) o B
Velocity in rigiy, .d“‘”'PUmping sel 3. Discuss in detail the utility of air lift pumps in water SUpply projecs-
9 main = 75%
n a "
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Englneering
Water supply and Sanitary
betwee
tes the hardne |
( about 5 degrees, 1S reasonably 4y
tasteless. Hence, for potable Water,
than 5 degrees but less tha,

o the total amount of soap Solutigy,
ss of water.

126

The dilference

is observed. e
r indica

and the lather facto
The water, having[hard?eerssiso
/ soft wa
t\;witel:a:dnndesz svtfc:ﬁld preferably be more
8 degrees or so..
For the purpose of convenie
be framed as shown in table 5-1.

TABLE 5-1
SCALE OFHARDNESS

Hardness in degrees

nce, @ tentative scale of hardness may -

Nature of water

=2
o

Extremely soft
Very soft

Solt

‘Moderately soflt
Moderately hard
Hard

Very hard
Excessively hard
Too hard for use

L O-JOWUL o WA —

< The hardne§s is normally expressed in terms of calcium carbonate
Ow the chemical analyses for individual ions are usually given in

terms of that ion. It will thy
! s be necessary to ¢o i
results to the common denominator, ! rert the analytica

Hardness in mg/l as CaCO; = M*+ CQUiva]ent wt. of CaCO,
_ T4

(mg/l) x

Wwhere M represents any ion or radical equivalent wt. of M**

Now, Equivalent weight = Molecular Weight
———1ar weight
where X = i :
= fc;r acids, the number of moles of H**
) ? tainable from 1 mole of acid
= for bases, the number of moles of H**
With which il

1 mole of base will react.

(40+ ]2+3 G325
\X]G) - 50‘ o

=

Thus, Equivalent weight of CaCo
: 3
For solving proble ar
ms 270
(1) The alkaliniy w.;nhafdness. the following 1, e
and Sr** jop | be caus y Ddsitiv | ol d bented
’ S an : ely ch ++ +
only. The readings ::gs:;lvely charged COJ‘ -arge: ;a + Mg”
er y an COJ_ ions

I | . be ignored.

{

) ':

*—
127
Mg*™ and Sr** will be

Quality of Water

, he gguivalent weights of Ca**,
el ,espec“VE'y as follows:

’

Mg = 24.4/2 = 12.2: ang
s = 87.6/2 = 4338,
) For measuri-ng alkalinity, the reading of only CO5™~ or HCO4™
¢ willbe required and expressed as percentage, they can be four::d »g

out from the following relations:

~ Total alka.linity — [ Bicarbonate alkalinity
a5 HCO3 in mg/I , in mg/l } x 1.22
f S '
Total alkalinity — [ Carbonate alkalinity
as CO3 in mg/l - { in mg/l } X 0.60
Molecular wt of HCO3 = (1 + 12+ 3 x 16) = 61
" | Molecular wt'of CO3 = (12 + 3 x 16) = 60
joblern. 5/ ' '
The' analysis of water from a bore shows the following results q
pmgfl: I
Ca=60, Mg = 48, Na = 1035 K = 195
‘HCOJ = 244, SO, = 220.8, C =178.1.
Find out the total hardness, carbonate hardness and non-carbonate
lardness.
folution:

= (60 x 50/20 + 48 x 50/12.2)
= (150 + 196.72) = 346.72 mg/l as CaC0;.
Total alkalinity

. e } x 1.22
s HCO; in mg/!

. 244
~Bicarbonate alkalinity

Total hardness

 Bicarbonate alkalinity
{ in mg/l

Bicarbonate alkalinity x 1.22
244/1.22 = 200 mg/l.

0 ihis case,
Alkalinity < T.H.
. CH. = Alkalinity = 200 mg/l.
Then, NCH = TH. -CH .
CH. :
' — (346.72 — 200) = 146.72 mg/
\ (34 » e Bl
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g

ﬁ

3 {_Quallly of Water
picarbonate alkalinity = 75, 22 =

—

‘ 129
59'0? mg/l as CaCo,. '

128 e ! jn this case, ) "1
Problem 2. *’T;sho\\'s the following resulty | | Alkalinity < T, ‘ !
. - - = ) P o . -
The ;m.\lysis ol @ S‘\mplx of W ‘ . CH. = Alkalinny - 5902 ma/l
in mgll: . — ‘ en, N.CH. = TH. - wilins CBCOJ.
a N 20 Ql - 4Q | Th . CH = (6236 - 59 02)
K =30 hoy =9 ! =334 moll as caco,, .
t Ca =5 S04 = g 4.
- 10 \ [Oblcm Q/’
Mg = 10 NO3 alent to @ hardness ~TP

. is equiv
T ) jum (Srl 1S ¢q
29 (()nc‘.”lm”o“ 0[ b”():(a‘ka"n“y il\ this water iS 2ero. ( alc‘”ate

of 2.29 mg/l and the Ao hardness and non-carbonate hardness
) ate hardhc
the total hardness, carbonate

in mg/l as CaCOy.

. -t ‘
Solutlon: ca®* x 50 Q*\_g__ﬁ_?_q + 2.29 i

Total hardness -'“‘?_'6""' 12.2

5 x50, 10 X591 529

The total hardness value obtaineq from the

5 water sample is found to be 116 mg/l. Th .
- I'he analys i
hat the concentrations of all the three principa)I! 'Za:iuor:;er(:ho.“
using

hardness are numerically the same, |f i
e e elloins the value of CH. is 58 mg/,

(1) the value of N.CH.;
* (2) the concentrations of principal cations: and

complete analysis of

=0 i © Y (3) the value of total alkalinity in mg!.
(12,5 + 40.98 + 2.29) " osotion: e . ‘
= 55,77 mg/l as CaCOy. TH. = CH. + NCH.
Bicarbonate alkalinity = 67/1.22 = 54.92 mg/l as CaCOj. ) In the given problem,
In this case, ,}' | T.H. = 116 mg/l and CH. = 58 mgll.
Alkalinity < T.H. R 116 = 58 + N.CH. '

b CH. = Alkalinity = 54.92 mg/l as CaCOj5. [ N.CH. = (116 - 58) = 58 mg/l as CaCO,.

Then, N.CH = TH. - CH. A Let P = Concentration of principal cations. 3
= (55,77 = 54.92) = 0.85 mg/l as CaCOy. | Then, T.H. = (P x50)20 + (P X 50)/12.2 + (P x 50)/43.8

ovenda, i

S

v —— I

The results abtalnec
Ma = 20 Sr ? \
K =30 Cl 40 !
Co =0 HCO4 1 : '
Mg = 11 50, =5
Find out TH,, CH, and NCH, In m
Solutfon:

Hnnn

9/l as CaC0y,

Total hardness = (6 X50)/20 + (11 x 50122 4 (2 x 50)/43.6 | |
= (19 4 45,08 4 2.28) ‘
62.36 mg/l as CaC0,,

i

I from a s3mple of water are as follows in mofl: 0 "

116 =P (25 + 4.1 + 1.14) .
P = 116/7.74 = 14.99, say 15 mg/l
Concentrations of Ca**, Mg** and Sr** are 15 mgll.

In this case, '
Alkalinity < T.H.

Total alkalinity = CH. = 58 mg/l as CaCO,.

(4) Hydrogen-lon concentration (pH value): The acidity of alkalinity

| of water Is measured In terms of its pH value or H-fon concentration.

The pure water (sz) consists of positively charged hydrogen cr
H-ons combined with negatively charged hydroxyl or OH-lons. B‘;‘
the process of dissoclation takes place In pure water and hence :
Onalns some uncombined positively charged H-lons and som
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132 Water Supply and Saniftary Englneering . l
le and hence 1t 1S commonly
al indicators are
¢. for acidic range and

Tolyl red, etc. for alkaline range.

for ready reference. This test

4l
w

on=al
N0l
>

<t
mot blue
g

-
.

Dy oanal 1
. Faenot red,

[ o

Ny

treatment plant,

; r .

. - = a H i raria
waters are respectively 7.5 and 8.5. Assuming linear varl
: . 3

vith time, find out the average

Tor entering water,

For leaving water,

H =

Average value of H =

.. Average pH value of water =

: usu
rried out in the public health |aboratories. The
eflow, Mathyl red, Bromphenol blue, &

is simp

the pH values of entering and leaving
tion of pH

pH value of water.

= “IOQ loH

75
-leg)oH.
10773

8.5

= —log |0H

Tgrfe

10772 + 10783
2

10783104 1] = 550 x 10785
-log,oH

= -logq (5.50 x 10783)
= (8.50 - 0.7404) = 7.7596.

Problem 5-6.

Solution:

As per equation (3),

(H'] x {OH"] = 10-14

In freshly distilled water, the conce

be the same say, C moles/litre.

e

Calculate pH and OH values of freshly prepared distilled water.

mole/|

ntrations of both the ions ‘will

.

l Qua"ty of Water
‘: : CXxC=q-14 |
e .
“ C= 107
s (H*] = 1077 and [OH™) = 107
o PH = —log)q [H*) |1
= -log;g[10-7) = |
N == [‘7 = "
‘"{milarly A POH = 1. ! ¢
; / \
odle . R
—

A factory dischaiges 50 m3/da

y of w i L
o waste contains KOH only, aste having pH = 11.

find out the quantity of KOH in kg/day.
ﬂulloni o

pPH + pOH = 14
A1 + pOH = 14

POH = 14 - 11 = 3,

- Thus the concentration of hydoxyc! ion in the given water is 10~3

des/litre i.e. [OH™] = 1073 moles/litre.

- The molecular weight of KOH in 1 litre solution works out to
(39 + 16 + 1) =.56 g.

KOH in gflitre = 56 x 1073

'- KOH in kg/litre = 56 x 1078

il Discharge = Q@ = 50 m3lday = 50.x 103 litres/day.

iantity of KOH in given waste = (56 x 107 x 50 x 10%) kg/day

?Z | © = 2.80 kg/day.
%b m i .

.~ Qaleulate the pH of 1000 mg/l of CalOH),.
MUtlon:

fow

e ————— i s et o S S B P i

i e s G S A R TS

' inThe molecular weight of Ca(OH), works out to [40 + 2 16+l :
| = 74 g/l ' ;
. Now, 74 g/litre contains 2 moles of [OH"], i
1 allitre contains % males of [OH] i\
vy M
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water Supply and sanitary Englneering
134 T
Thus, [OH7] = 73 )
pOH = -logjo [OH)
= ’!0910 [2174]
= -legyo [0.027]) = 1.5686.
Now H+ pOH = 14
o PPT T oM = 14— pOH = (14 - 15686)
. = 12.4314
- pH of 1000 mgflie. 1 g/l of Ca(OH),-= 12.4314.
i
Pfoblem 5-9.
\\Zé : -
" Find out the pH of the following mixture:
Volume pH
Solution A .. 500ml 6
Solution B .. 500 ml_ 5
Sclution:

solutions in the mixture i.e. A and B
mixture will be half in 1000 ml.

As the volume of both the
is the same, the morality of the
pH of A = 6ie. [H'] of A = 1078 mole/litre
pHof B =5 ie [H] of B

pH of new mixture

= 1078 mole/litre

1 -6 1 -5
[Exlo ]+[—£x10 ]

(05x107% + (5% 1078) -

5.5 x 107% mole/litre

‘|09|o [H*]

pH of new mixture
-logo(5.5 x 1076)
= (- 0.7404 + 6)

/ = 5.2596. _ ‘
‘\pjdﬁem 5-10. ' <

Find out the pH of the mixture which will be | ,;,
the following two volumes: ormed by mixing

Il

Volume pH
Solution A . 100 ml 6
Solution B .. 900 mI 5

——'—’—*&

B

Qua‘my of Water

; $ -eplution: . 135 |
|n this case, the volumes of A '
L\ q) mixture. and B are not the same in 1000
1 | pH Ol A = 6ie [H'] of A = 106 mole/litre
pHof B = 5ie [H'] of B = 105 mole/litre

For solution A:

" The volume of solution A is 100 ml and concentr

. ati g
s 1076 mole/litre i.e. 107 moles per 1000 m S

- Concentration of [H*] in 100 ml 1076 x 100

1000

(H*1s = 1077 mole/iitre.

1]

For solution B:

" "The volume of solution B is 900 ml and concentration of [H*]
is 107> mole/litre i:e. 107> moles per 1000 ml.

900
1000
[H*1g = 9 x 1075 mole/litre.
[H']5 + (H']g
= (10771 + (9 x 1079]
(0.1 x 1076) + (9 x 1075)
9.1 x 1075 mole/litre

- Concentration of [H*] in 900 ml = 107 x

Concentration of (H*] in mixture

pH = -logjq (9.1 x 1075)
| = (-0.959 + 6) = 5.041.
Problem 5-11.

2 S

There are three samples X, Y and Z of water having pH values of
45,5.5 and 6.5 respectively. Calculate how many times X is acidic than Z

q %‘;ﬁifon: Bl
fie. pH = -log;q [(H']
i lsafh'lt"e X:
. pH = 45
A 4.5 = -log;o [H']
[(H*] = 10743 mole/litre.

|
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136 water SupPlY and 32
Sample 2: =65 9
6.5 = ~10910 (H,
) = ]0—5.5 mole/litre.
~4.5
R X100 00
goncemmllgl\w = T(-):—é'f; = 10
Soncentration of [H*) fon I ple Z.

s 100 times acldic than sam

—_—

Thus sample X'l

AR

Problc/m/S-l?.. //‘_T
‘Cm be the pH of a solution cou\tail\lll(g)}ll.'IOI; 107" ¢
of hydroxide per litre? Assume molecular welght ol as Q.
Solutlon:

[OH7]

i

-9
,‘.7_‘5—&— = 10”7 male/l
il

-log (107%) =9

4 pOH =
Now, pH + pOH = 14
: pH =(14-9) = 5,

Prob)ém 5.13. .

wd
Il the hydrogen concentration Is 3 X 107 mole/l, calculate the
hydroxide concentration,

Solutlon:
As per equation (3),

(H*] X [OH7)
[3 % 107) x (OH")

i

1071 mole/)

= 10" molef

J

o e e
(5) Alkallnlty: The term alkalinity it reference 1o the water and

) LA Al H «
waste water Is deflned as the capaclly of substances conlalnc:! in the

water to take up hydroxlum [ll.‘())
V0 reach a gefyg
Hined pH value

(4.3 to 14). The alkalinity Is dye '1q (
e
(IICOJ“]. carbonate [Co_" ") of blcarbonate

The determination of alkalj
nity |
because it provides bulferlng 1o {e sslsrt,? uselu
alkallnity Is usually divided | ¢

(ON7) = % % 10712 jyglep

R S

presence
or hydroxide (OH),

I In Waters and wastes

changes [ ¢
0 the following o pars: PH value. Th

e e e e e e e ——— e

Quallty of Water

b Total alkalinity i.e. above pH 4.5
) Caustic alkalinity i.e. above pH 8.2,

The alk.alinily is measured by the volumetric analysis. The varlous(
s of indicators are available for this purpose. The commonly adopted
Up‘,lnd"mw[s are as follows:
W

(1) Phenolphthalein pink above pH 8.2 and colourless below

pH 8.2

: red below pH 4.5 and yellow-orange above
pH 4.5,

The bromcresol green-methyl red indicator may be preferable to

pelhyl orange as the colour change from greenish-blue above pH 4.5
o light pink below pH 4.5 is more delinite.

" (2) Methyl orange

The amount ol alkalinity Is expressed in terms of CaCO,y. If the
grength of titrant solution Is N/50, 1 ml of titrait solution will be
equal to 1My CaCOy because the equivalent weight of CaCOy is 50.

Total reading
Vol. of sample In ml
solution is N/40, the equation will be

Thus, Alkalinity In mg/l as CaCOy =

X 1000,

Il the strength of titrant
3 lollows:

al reading X (0.025 x 50 x 1000)
Alkalinlty In mg/l as CaCOy Total reading X | Jt

“Val, of sample in ml
Total reading

bl ABA L SR

~ Vol. of sample In ml

i

1250.

The neutralization of OH™ Is complete at pH 8.2, The neutralization

ol €Oy™" 15 only hall complete at pH 8.2 and not fully completed
util a pl value of 4.5 Is reached. Thus alkalinity on pH scale is
fepresented as follows:

(1) The range of total alkalinity is 4.5 to 14.

_12) The range of bicarbonate L. HCOy™ alkalinity is from 45
"0 8.2,

o1 {3) The range of lcarbonate le. €Oy~
to 10,
(4) The range 0 to 4.5 Indicates no alkalinity.

Table 5.2 can be used for finding out the alkallnl‘l‘{hg]ld:‘ sample
"hh the pracess of titration. The letterRindicates phenolphtnE

alkalinity is (rom 8.2

sy

"d the letter T indicates total alkalinity,

reading

——
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J/ Qualn p
) X inglneeting yotw i
10 water & ”/,N ,(ml flanitary paghn | . ) aler £ i’
) qhe wasle Walers contal 139 4
\\&’ TABLE - il I ischarged | MAINIng excess causiic aliali l‘f
\/ /f.,/‘ \\ / ||:llMif|’\"'("' OF ALKAI ey (0 he discharget o niatural sreanms (,"'.'wa’l:'.‘ahnily are net o]
/, . e Al ”“mh,m,ﬂr alkalinity " The waler thillg "'k"““lly lr‘,; ) sewers, .
a Hydoride alkalinily ‘~1"""'_“‘('n,f’:”,‘: " as (L0 |It’ for domestie consumption and ’U:""”“‘{ﬁo Mg/l is desirable Y
lesult of 4% (a0 Ay LA ; MO / 4/// (.C.C. construction, !
tteation o) oy ) o e t;l b R !
D=0 1 o | 171' /m lollowing  data (,;TT—“‘_‘W S — %
. ) - froph 1h° g, EoN olumetric analysis : ’
:1 < ((), ': : l(; oy ?; ofide: cm|u)||d}7(;dvlvldr bicarbonate alkalinilie;,' ysis, calculate the g
Pos 0ol = ar =P 0 " gamol “Total ml of twant 1 !
' : ‘ 0 S— HSampie ,_____{_" ol titrant 1o reach end point ¢
pet | e ikalinity (000 | Phenolghinaein | ini i
Following rules should be kept In mind while finding out the atke e ythyl orange
ol a sample: i :24 15.5
o HEO “ alkalles X - 8.6
(1) For shmplicity, 1t s assumned that HCOy and OM™ alki ‘ C 8.2 a’;
cannot come together in the same sample. d ' R D 0 12.9
(2) The alkalinities ol other than carbonate, bicarbonate an '
hydroxide origin are pbsent. utlon:
(3) OH™ alone gives initial pH of about 10. nple A - |
% 100
(4) CO4~~ will be present al pH > 8.2 . = —]-6—6———9 = 100
(5) OH™ and CO4™ " together give initial pH ol about 10. . :.]5'5 X 1000 _ g
(6) CO,~~ and HCO3 can exist together. 100 -
(7) HCO4™ alone gives initial pH < 8.2. 05T = 775
The determinalion'ol alkalinity of water is helpful for the following As P > 0.5 T, from table 5-2,
reasors: OH™ alkalinity = 2P - T = (200 - 155) = 45
(i) It assists in finding out the quantity of lime and soda-ash s e _ _ _ _
required for the removal of hardness. €Oy~ " alkalinity = 2(T = P) = 2(155 - 100) = 110
(i) It helps to neutralise the acids produced during lloccu}aﬁon. HCO5™ alkalinity = O.
(iii) It leads to the reactions which may occur between alkalinity g o, )
and certain cations in the water. The resultant precipitate can mple By ) ’
(oul pipes and other appurtenances of the water distribution PL 14.4 x 1000 _ ;44 ]
syslerns, R 100 r
(iv) The excess alkalinity is harmful for irrigation which leads to RE _ 38.6 x 1000 _ 386 "
the soil damage and reduce crop ylelds. T= 100 e 4
(v) The highly alkaline water is usually unpalatable. 05T = 193
(vi) The largeamount of alkalinity imparts a bitter taste to the water "AsP < 05 T. from table 5-2
(vii) The n?lural waters are sometimes rendered alkaline to control ) '
corrosion due to acids. el OH™ alkalinity = O
CO,™ " alkalinity = 2P = 23V E
1 ; = ’ : - - = 98
" ’ HCOy~ alkalinity = T — 2P = (38 280 = 98 \
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140 ‘ J ALz o Wites
Sample C: 8.2 % 1000 — 82 ;i 05T = 168,75 141
P=77100 M, p< 05T fromtzble 5.7 °
» 1000 e e,
5 = g_%%ﬂg‘i = ¢4 " OA” zlrzlinity = G
05T = 42 (()3"41’/2Ar11=27: 224
' uro,” zlkalinity = T - 25 = (337 =
hs P > 05 T, from table 52, ) HCOy 2i2linity =T - 22 = (3375 — 224 = 595
’ oi lkalinty = 2P~ T = (164 = 841 = €0 { ps Oy~ 2nd :”(0 &St Wgether, the g valse of samis v
’ = - =4 L puueen 6.2 10 10, O e wil
cOy~ alkalnity = 2(T = P) = 234 82) o2 647 —_—
HCO;~ alkalinity = 0. { gottem 5-16-
R p=20 A weter sample with pH 9 hzd 2 caustic 2lizlinity of 79 me
12.7 % 1000 : !%:.;.31 glkzlinity of'230 mgfl 2nd totzl hardness of 300 .'.;r._fx: _::,,
T = ————]—(-)6—- 4 0. Czlculate the amounts of the vzrious forms of 23 '"'-’—';-:! oreac
— 127 1 ;o4 the zmount of non-czrbonate hzrdness,
As P = 0, from table 5-2, “eolution:
OH™ zlkalinity = 0 { The pH of szmpie is 9 end hence the neutralizeton of (05 ~
[ = cnly hzl nipieted.
€Oy~ alialinity = 0 - 5 coly hzll compieted _
HCO4™ alkalinity = T = 124. - Czrbonzte i.e. CO5™ ™ alielinity = 2 x Czustic 2lkalinity
Problem 5-15. - = (2 x70)
i = 140 mefL
Find out the tota] and individual (species-wise) alkalinity from the| ) - Fel _ )
following labaratory record: “ow, Total alkalinity = COy — z2lx2linfty + HCOy ™ aikzEnity
Strength of titrant :Njgo —P WA N=5p1 230 = 140 + HCO;™ elkalinity
Volume of sample : 50 ml ' — o IoJE '
i — - 5007l Heoy~ alkalinity = (230 - 140) = 90 mgil
Phenolphthalein end point : 5.6 ml 1.,

A0, Total hardness = Alkalinity + Non-carbonate hardness

N.CH. = {300 - 230}

Methyl orange end point : 13.5 ml v

Also estimate the pH value of sample. 504 4600 o % :
e = 70 meil.
Solution: 40 @) *3 q
= -5 | =

As strength of titrant is N/40, ’ -1 ‘S)‘A/CMI'I}': The term acidity with reference to the wate and '—-’?‘
p = 56X 1250 _ {2 is defined as the capacity of substances contzined in &2 ‘;‘;’
= s = 1 t2ke up hydroxyl ions (OHT) to reach 2 defined pH value (010 8.5

5.6 x 5 1 ) .

s sz:o = 3315 .~ The acidity are of the following 10 [yPes:

4 M Cerbon dioxide addity
: A G M g .
i 7 RO Mineral acidity .
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5o the tendency of settlemen, -
1o control the first and seconq
The third force, nzmely, the
1rol 2s it is dependent o
[ 2 huge quantity ol water

o and S2n
160 Wates Supply 374

b oppo
Mow, cut of three [or¢e which 0P

2de
of particle, the atlempls i :; walel.
lorces in purilication pro<ess. ble 10 (0D
viscosity of water Is UNPIAIA 6
temperature. The control of temp;;mica.
becomes unreasonable and unecon 4 by increasing the length
. decreas h
velocity of flow can be y for a longer period
of tI:*fel and tyhus a particle is auowe'd 10 ':‘atjhus given maximum
in the sedimentation tank. The paﬂlde lbouom of 1ank
opportunity to come down and settle 2t the d by the additj
The size and shape of the particle are_aI:ere g {rnov;n asllll;)ln
of certain chemicals in water. These (hemlc:riax?m tanks elfective
coagulants and their action of maving sedimen e
| FORGIET . in the next chaptel.
will be discussed at length in the NeA

Problem 6-1.

Find out the velocity of settlement of spherical discrete particles
‘ e ve ‘ L 0
of 0.08 mm diameter with specific granly 2.67 in water at 20°C.
Solutlon:

As per Stokes’s law,

23T+ 70
v = 418 (s~ 5s) d 00
where = diameter of discrete particles = 0.08 mm

20°C

= specilic gravily of the particle = 2.67
5| = specilic gravity of water = 1,00

= velocity of settlernent in mm per second.

M\lQ_
]

<
|

Substituting

v = 418 (2.67 - 1.00) (0.08)2 W

5.808 mm per second.

T = i
Pro%/( 6-2.4" t, b

v . .
.\/A settling tank Is designed to remove spherical particles of O,Bd‘»'

mm diameter with specific gravity 1.20 from the waler at 22°

¢ : 122°C. ine
the removal ol spherical discrete particles of 0.40 mmzdggg::zi‘h
specific gravity 1.20 by this tank. Assyme Ideal settling conditions.

0

. ™ e

| Scd!mtnlathr. Tanyy

i Hjon: 161
' , Stokes’s law,
! ‘ er ’
! VAS P v E 41 3
= 3(s-~ 51 42 M

. 1
for 0.80 mm dizmeter pantig),, %

V1 = 418 (1.20 - 1 gq (0.2012 3 x 22 + 79

= 113.70 2 100
) (0-20)° mm pey second.
For 0.40 mm dizmeter panticles

V2 = 4180120 - 1.09) (g 49p2 3% 22 + 70

- = 113.70 (0.40)2 100
i _ (0.80% _
V2 104012 T e (m

The settling tank is designed 19 9 .

iles and if the same tank is ue remove 0.80 mm dia. discrete
particles - >ame tanr is used 1o remove 0.40 mm dia, diserete
i . $ “r= - - g, QoUIZIE
panticles, he removal of ziter will be proportional 1o the ratio :;y
“vdocities of settlement. From equation (1), o
¢ V2

1

vy 4
= 25% = percentzgz removal of 0.40 mm diameter
discretz pzrticles

; ‘Types of sedimentatlon tanks:

. Depending upon the nature of working, the sedimentation tznks

; are of the following two types:

{ - L Fill and draw. type tanks
Il. Continuous flow type tanks.

/

Each of the above type of sedimentation tank will now be briefly

, 3 described,

—— T~ ————

L,.F,u', and draw type tanks:

“*Worklng: These are also known as the quiescent type or intermittent
’ ype_sedimentation tanks. The working of tank is simple. The waler
I$ illed in the tank 2nd it is then allowed to rest for 2 cenzin :o“\:i:
Duting the period of rest, the paricles in suspension wil settle Job3
A the bottom of tank. The dlear water is then “drawn oll 2n .

, v nk is cleaned of silt and filled egain.
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w
6
16 urs and when coagulantg prob'em 643. Je

)
4 to 8 ho Ly
o 4 to vary [rom !
period (;5 nfo:]’;y vary from 3 to 4 hours. “ _
, 1 The overllow rate of a f]
!

are use ; is to be taken j i
tiling tank is en intg occulator glarifior :
i thod, the depth of set i L/ i 3im2. farifier js ¢ 2, .
In ml:or:neThe sepths usually provided for settling tanks vary from j s rate in m*/m°-d. If Swp. is 350 m 0 I/m2-min. Express
consideration. ' period- + Qlculate the detentjon

3.50 to 6.00 metres. » .
(i) Overflow rate: In this method, it is assumed that the settlemeny  *  goutlon:

depend on the d | _ :
of a particle at the bottom of tank does not dep epth ' - SOR. = 60 ”mz-min

of tank. But it depends on the surface area of the tank. This assumptiop : : = &0 =5 o

can be theoretically justified as follows: ; X x 103 /mz'min

Let L = Length of tank { = 60 X 107 x 60 x 24 m3m2.q
B = Breadth of tank H . = 86.40 m3/m24.

= Si ter depth = S.W.D. ) i :
k = Side water. cep ) Detention- period = T = SWD. _ 35

= —_—

D = Depth of tan

C = Capacity of tank ! SO.R. ~ 86.40
T = Detention period l = 0.04 day = 0.96 hour.
Q = Discharge or rate of flow o ) h! prc;bleméfi
I = Velocity of descend of a particle to the bottom of §.| —
1ank = Surface overflow rate = S.O.R. [ late the di ]
' LxBxD | ” wCz;!rcuzaoeX Ieoglarrlm;z‘tjerT;nd S.W.D. of a settling tank to treat a
= oy e T s v s e efere = spekste s = e (1) (- lio mi/d. The maximum §. i 3,2
Then, T Q Q -" detention period is 3 hours. ORis 18 m*/m°~d and
Klso . Dlstar?ce of descend . b Solution:
' Velocity of descend i 5
_ D _ SWD. ) ' Q@ =20x10°ml/d”
V S‘O.R.' ------------------------------- ’ . 20 x ]OS 3 d
Equating (1) and (2), ' y ‘ ~ 1000 it
LxBxD _D - \ i ) = 20000 m’/d.
Q Vv - | S\W.D
_y_ Q g Detention iod = T=—"—=
or SOR = V = ==, perio .
[ X B e (3) ! E S.OR.
' .T:e eq:alion f(3:] sh;ws that. the velocity of descend of a particle { SWD. = 24 X 18 = 2.25 m.
Is independent of the depth of tank and it i i
siiTice area ol I Bk it inversely varies as the | Surface ares of se.tllin iank _ Discharge _ 20000
- g ~ "SOR. 18

| :ankT?se kc:;a\;\:ly olh waler passing per hour pei' unit area of settling - .
tank is made o lhe SU’I?G? overflow rate and the design of settling |
on the basis of overflow rate. The depth of tank is

assumed as about 180 b ; ! .
ceilimientailan, Bns, the of/?rnc:?v 360 cm. For plain rectangular  |: &meler of settflng tank = 37.61, say 38 m.

’ “per hour perm? and whén coagulmf is about 500 to 750 litres { P'Ublem
.f - ants are used, it is about 1000 }. .
| to 1250 litres per hour 2 , It is about !
per mé, : _ :
d . Z l Calculate the dimensions of a rectangular plain sedimentation tank
a:d"ea‘ 12 x 105 mi/day. Assume a detention period of 6 hours
the velocity of flow as 20 ¢m per second. -

‘ ; A
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168 Water Supply and Sanltary Englneering

Solutlon:
Q = Discharge or rate of flow

6
= Jaielg X L 500 m3,
24 1000
Now, Velocity of flow = 20 cn/minute = 0.20 m/minute
Length of tank required = Velocity of flow X Detention period
! = 0.20 X (6 x 60) = 72 m.
XD
Also, - T = _-———-————L 2 g ‘
6 = 72 x BXx D
- 500
8 X D = Cross-sectional area of tank
= 300X6 _ 467 m2
712

Assuming the effective depth of tank as 4 m and total depth
with freebeard of 0.50 m as 4.50 m,

Width of tank required = ﬂ‘i = 10.42 m, say 10.50 m.

Frovide the sedimentation tank of dimensions 72 m x 10.50 m
X 4.50 m.

Problemy6-6.

A rectangular tank with. léngth of 15 m, width of 6 m and depth
3 mis to treat 2.40 x 10° ml/d._Calculate:

{1} Detention period of tank v

(2} Average flow velocity through tank

(3] SOR
Solution:
{1} Detention period of tank:

Q = 2.40 x 10% mi/d

_2.40 x 106
= 24 ml/hour

= 100 x 103 Jitres per hour = 100 m3/hour.

- _LxBxD
= Q-
_15x6x3
SR S
= 2.70 hours.

e e

v i

Sedlmcnlmon Tanks |

| Average flow velocity through tank:

2 . 169
( ) Discha ‘
4 ity = rge

flow velodty Cross-sectio = T 100 .
| nal area ~ § %3 % 80 SM/minute

= 9.26.cm/minyge, '
o SO
SOR. = Q - 100
y L xB 15 x 6 % 1000

= 1111 litres per hoyr per m2,

(3) Inlet "”‘f o'utlet arrangements: The inlet is a device which
: provided to .dlstnbute the water inside a tank and the outlet is
, device which is meang to collect outgoing water. These arrangements
qould be properly d_esngned and located in such a way that they do
1ol form any obstruction or cause any disturbance to the llowing water.

~f rate of inflow is equal to the rate of outllow, the water level
of sedimentation tank is controlled. If two rates are different, the eddies
or currents will be set up and they will greatly affect the werking
of tanks.

Some of the typical arrangements for inlets and outlets are shoun
in lig. 6-3 to fig. 6-6. .

¢
'.I 4
300 to 4
450‘ mm | /
r V)
/.
L/
4
4 ;
Inlet Pipe E Feeding Channal |- ~Submerged Weir
P -

—

Floor cf Tank

Inlet
Fe. 6-3 l
; feeding channe
nlet. It consists of 3 =
Fig. 6-3 shows a 3ubmergejt:,m::'m¢ tank and 2 submerged war-

which extends for the whole Wi
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Wwatef " |
chemical composition of this ¢y

. Qulapy
hen dissolved and mixed with ‘ma;‘

i gnesium. Following are the (hemigi
reacts wi X :
reactions:
Na,Al,04 t Ca(HCO3)2
; Na,Al,04 * CaCl2
; Na,Al;04 + C2S04

X
CaAl,04 +NapC03 +CO2 + Hy0. (.
C3A|204 + 2NaCl...oeeneniil L (2)
C3A|204 + H32304 ............... (3)

This coagulant. removes carbonate or lemporta)ry t:ardngss 3s seey
from equation (1) and it also removes non-carbonate or Permanen
hardness as seen from equations (2) and (3). The effective range
of pH value for this coagulant is 6 to 8.§0 and as pH valye ¢
normal water lies within this range, the adjustment of pH valye jg
not important when this coagulant is used. However this coagulap
is costly and hence it cannot be adopted for treating water on 3
large scale. It may be adopted for treating water to be used for boilers
or for water in which floc by aluminium sulphate is not easily formed.

Problem ]//l

nwouu

Find out the quantity of alum required to treat 9 million litres
of water per day. The dosage of alum is 14 mg per litre. Also work
out the amount of CO, released per litre of water treated.

Solution:
Quantity of alum per day = M = 126 kg
108 '

The chemical reaction is as follows:

A5O3, 18H,0 + 3CalHCOy), = 2A1(0H)

Novi. 3+ 3CaS0, + 18H,0 + 60y

(2 X 26.97) + (3 x 32.066)
+ (36 x 1.008) + (30 x 16)

= (53.94 4 96.198 + 36.288 + 480)

Molecular wt. of alum

Molecular wi. of ¢q. = 666.426, say 666. o
%% = x 1201 + (2 x 16) :
= = 4401,
us 666 mg cf~ alum wil| release § x 4261144', C
. 14 il rele, K
mg of alum wij| release = w_ i
| T 6es e
', = 3.5 mg of CO,. e
—/

.

A\Gater treat

squlant 2t the rate of 10 mg of ferrous sulphate per litre of water
02 sut the quantities of ferrous sulphate and lime r .
gmmillion litres of water.

Coagulation of Water
' 183

plant consumes ferrous sulphate 2nd fime 2s

equired 1o treat

So‘uuon:
The chemical reactions involved are as follows:

No

w, Molecular wi. of FeSO,4, 7H,0

FeSO4, TH,0 + CalOH), = Fe(OH), + €250, + TH,0
Ca(OH), = C20 + H,0.

(1 x 55.85) + (1 x 32.086)
+ (11 x 16) + (14 x 1.008)

= 278.028, say 278.

Molecular wt. of Ca0 = (40.08 + 16)
= 56.08, say 56.
6
Quantity of ferrous sulphate = H)_)(Q_le = 90 kg.
10

Also, 278 kg of (errous sulphate will react with 56 kg of lime.

Quantity of lime required

50 x 90
corresponding to 90 kg | = TR
of ferrous sulphate

= 18.13 kg.

Feeding the coagulants:

The coagulants may be fed or allowed to enter water ether in

powder form or in solution form. The former is known as the dry

feeding and the latter is known as the wel feeding Each

method

of feeding will now be briefly described.

() Dry feeding: In dry feeding, the coagulant is stored in 2 powder

form and it is then allowed to fall in the mixing channel in mea_sm'e:li
quantity. The dry feeding is desirable for various reasons as mention?
below:

(1) It is simple in operation. :
(2) It requires relatively less space for its working..
(3) It grants freedom from corrosion. .

(4) It becomes possible to maintain Neatness.
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iod for floc chamber jg
it is about 3 10 4 hoyrg

; water Suppty and

The detention per

‘botn

\ation tank. The €
ut 3 to 6 months.

sedimentation 12 nat for tank
s¢ wec and that for ot ‘ . LT
15 10 X0 mm-js ~eoects of design foF such 2 tank are Similar y .
ails and 257 leaning of tanks is ygyy
- Usully

{ intenvals of abo

Outlet

P

"| Drain Valve

.....................

Paddles L_Horizontal Shaft

Flocculator
Fic. 7-9
Jar test:

i
: In order to dgtermine approximately the dosage of coagulant, the
! usual test which is performed in the laboratory, is the jar test. The

water for which dosage of coagulant is to be determined is placed-.

in a number of jars or beakers

havi :
1000 milllitres. having capacity of about 500 to

Rods
N\

- y

Driving Unit Stirring {iDrNMQ Shaft

- <1 - 1- -4

- -

0T T

7 L
/7 T B
Paddtes 3 '
ars
Jar test
Fic. 110

i |

- Then,
~ where

Coagulation of Water 1
i

Fig. 7-10 shows jar test with Six .jars.
coagulant are then added in each jar. Tl]m dril-i':mz zz::o;;sl;::\ot;?;;ezf
e Jriving shalt ’0‘3"3.5 ‘h‘? paddles situated at lower ends of lhé
qirrind rods as shown in fig. 7-10. The paddies are rotated for 5
pinutes at the speed o( 30 to 40 RP.M. and then slowly for about
50 minutes. The' forma.tlon of floc in each jar is noted. The amount
“[ coagulant |.n jar which produces good floc with the least amount
ol coagulant is preferred. The speed of paddles as well as time of
qixing may be varied [or dilferent tests.

It is necessary to carry out this test frequently so as to determine
optimum dose af coagulant and thus to achieve economy in its use.

- i the quality and characteristics of water are changing, the jar test

should be done continuously.
problem 7-3¢

-+ 7 I
D gnﬂ/coag&a\io/n sedimentation tank to treat 9" million litres
of water per day. Make suitable assumptions where necessary.

Solution: .
6
Average daily water to be treated = AL ;0 = 9000 m3.
10°°
Average hourly water to be treated = % =375 m3.

Assuming maximum hourly demand to be 1.50 times the average
demand of water, '
maximum hourly demand
Assume detention period of settling tank as 4 hours.
C=Q@xT
C = Capacity of settling tank in m
Q = Rate of flow per hour = 562.50 m° per hour

= (375 x 1.50) =562.50 m>.

3

T = Detention period in hours = 4 hours.
Substituting, € = (562.50 x 4) = 2250 m.
Assume effective depth of settling tank as 4 m.
2250 _ 562,50 m?.-
; flow rate of 1000 litres per hour per ‘m?

Sectional area =

Alternatively adopt over
of tank area.

y A
Then, - 562,5 X 107, _ 56250 m2.-

sectional area = nr
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200
t c‘namber i

«—Filtering Head

L—Adjuslable
[ | Tetescopic
| Tube

Floor
A Channel =

outlet for Filtered Waler

ion through outlet chamber

Fic. 8-2

The depth of water on filter is 10 be carelully decided. It should
neither be too small nor too high. Generally it is kept as equal to
the height of filter media of sand.

The slow sand filters are usually worked for a maximum filtration

Cross-sect

head of 750 mm or so. But from the view point of safety, the maximum’

filtration head desired is obtained by multiplying the depth of filtering

sand with a factor of 0.67 to 0.80. Thus, when specified limit of

filtration head is reached, the filter requires cleaning.

For the purpose of cleaning, the to i

: 3 p layer of sand is scraped
or removed l'hrough a depth of about 15 mm to 25 mm. The w:ter'
is then admitted to the filter. But the purified water is not taken

into use until the formation of film around sand grains occurs. This -

may require a period of about one or two days

e \fo[nzgivclezning of ﬁ!ter had been done for a number of times
e depth of filter media of sand is reduced. ‘In order tt;

maintain the efficiency of filter, a fresh layer of about 150 mm depth -

of grad i
graded sand is then added to the filter. At places, where there

is acute shortage of filterin
cleanin jons i g sand, the scraped sand i i
g operations is washed and stored for [uture re;:::::aelrrr:i?\tdunng

The interval b
e A
tween Iwo successive cleanings depends mainly on

the nature of j i
impurities present i
o in w .

[ liltering sand. It usually varies fromatlertom:s p lre: ted and the 2%
months. i

; Rate of filtratlon: The rat
lilter varies from 100 va A .. -
T

IR L iy BN e oy

e : ol
e of fillration for a normal slow sand

g7
o gfficlency of slow sand fliters: The efficiency of s y
ow sand fi

B e

“town of 15000 populatio
' expansion, other addition2

Flltration ot Water ' YO8
201

-1

5 55 follows: . hers
Bacterial load: The slow sand T
4 ilters are hi icient i
" moval of bacterial load from water. It is expeectt"l:%hltiai”:;‘em move
“pout 98 to 99 per cent of bacterial load from raw wate:ya'edm::e
centage may be as high as 99.50 to 99.90 when pre-lre:tm:\st

ef h
55 been given to the raw water. However, for complete removal of

bacteria. the disinfection is essential.

(2) Colour: The slow sand filters are less elficient in the removal
[ colour of raw water. It is estimated that they remove about 20
10 25 per cent colour of raw water.

(3) Turbidity: The slow sand filters can remove turbidity to the
extent of ab_ou'l 50 p.p.m. For water having greater turbidity than
60 p.p-m., it Is necessary to give preliminary treatment and bring
down its turbidity -below 50 p.p.m.

problem 8-1.

Find the area of slow sand filters required for a town havirg
a population of 15000 with an average rate of demand as 160 litres

per head per day.
Solution:

Maximum daily demand = (15000 x 160 x 1.50)

3600000 litres.

Assuming a rate of ﬁltrafion as 150 litres per- hour per m? of
filter area
R i ; 3600000 _ 2
d=z ——— = 1000 m*“.
area of filter require 150 x 54

unit be 16.00 m X 12.50 m. Then provide
nd filters including one unit as stand-by. The
ith 3 units on either side.

I

Let the size of one
6 'such units of slow s3
units may be arranged in series W

l‘(Ra id sa ravity type):

Purpose: The_greal disadvantage of ) _ ‘ B
requires considerable space for its installation. This requirement m2

it uneconomical for places where land values are high. As seen in
. i 4 filter, only for 2 moderate

problem 1, the area required for slow san : only .

n. works out to be 1000 m arld with future

I' equipmem. elc., the area required for water

0 m?2 or so.

a slow sand filter is that it

supoly project would be about 200

e e S T ST B

e R AT A A S I A BB T 463

SRS

_
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Wwater Supply and Sanitary Englneering
riously disturbed. This phenomena is

orking of filter is se ) ;
el bl i binds the filter and stops its working.

known as the air binding as air :
The rate of filtration is consequently greatly reduced.
s, the allowable loss of head is about

ble negative head is about 1200 mm.
The filter is to be washed when this limit of the allowable loss of
- head has been reached. It is usually cleaned after 2 to 3 days.

Troubles in operation: Following (wo troubles are generally
encountered in operating rapid sand filters:

(1) Mud balls

(2) Cracking of filters.

(1) Mud balls: The mud balls are generally formed near the top
of filter media. They may even be formed and distributed throughout
the filter. The mud balls are caused due to insufficient washing of
sand grains. The gelatinous film formed during filtration is not separated
out from sand grains during washing. The mud balls interfere with the
normal ‘working of the filter and their size is about 25 mm to 50 mm.

208

In case of rapid sand filter
3 m to 3.50 m and the allowa

(2) Cracking of filters: The fine material contained in the top
layer of filter shrinks and this shrinkage tends to form cracks in the
filter. These ~cracks are prominent near wall junctions.

To remove these troubles, the following remedies are adopted:

(1) The mud balls are broken with the help of rakers or some
such equipment.
(2) The working of filter is carried out with high velocity of water.
(3) The damaged portion of filter media is replaced.
Rate of filtration: The chiel advantage of a rapid sand filter is
that its rate of filtration is very high. It is about 3000 to 6000 litres

per hour per m? of filter area. The high rate of filtration results
in considerable saving of space for the installation of filter.

Efficiency of rapid sand filters: The elficiency of rapid sand -filters
is as follows: )
" (1) Bacterial load: The rapid sand filters are less effective in the
removal of bacterial load. It is ‘expected that they remove about 80
to 90 per cent of bacterial impurity present in water.

(2) Colour: The re?pi'& sand filters are highly efficient in colour
removal and the intensity of colour can be brought down below 10
on cobalt scale.

=T

i

" and it is provided tha

Flltration of Water

Turbidity: The rapid sand

( filters ca

¥ of 35 10 40 p.p.m. As water entering ,a:i; es?:;emtcmb'id“y 10 the
eris

| geten ; .
ie} a the treatment In coagulation sedim

3 . . . e . e i H
igi_Vs qurbidity- This turbidity is easily bmugh’:‘zllon tank, it possesses
N :'mits by rapid sand filters. * 0¥ 10 the permissible
|
P[Oblem 8'2.

' find the area of rapid sand filters required for 3 town havi
ving

opulation of 80000 with an average rat !
o head per day. g e of demand as 2'00'“"5

golution:
Maximum daily demand =" (80000 x 200 x 1.50)
= 24000000 litres. i

* Assuming a rate of filtration as 5000 litres per hour per =2

' filter area,
24000000

5000 x 24
| Let the size of one unit be 8 m x 5 m. Then provide 6 such
" units of rapid sand filters including one unit as standby. The units
'may be arranged in series with 3 units on either side.

area of filter required = = 200 mz_-

Problem/8-3.

A rapid sand filter is required to treat a flow of 0.50 m? per

second. The filtration rate is 120 m3 per day per m? of I'xhel: are2
t the filtration rate with one filter washing is
er area. Determine the
tisly these conditions.

a wash

not to exceed 150 m3 per day per m? of filt
number of units and the area of each unit to sa
. Bach filter is washed for 5 minutes every 24 hours at :
fate of 10 ‘mm per se(ohd per m2 of filter _area. The glltercrelmallar:z
out of operation for a total interval of 30 minutes per ay. Calcu
'he.Percemage of filter output used for washing.

Solutlon; o 3
Maximum flow rate = 0.5 x 60 x 60 x 241 m per day
— 43200 m3 per day.
llraﬁoﬂ
ecause of the

‘ 3
Note: [ h can also be expressed as m~ per day
it s relation 1 m

~Per m2 qf filter area b

i"“fal'iably'

3 = 1000 litres. - 2

209

|

i
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210 Water Supply and Sanitary Englneering mparison between slow sand fiiterg 54 210K
): 3Pld sand filters (gravity

lent to [l 20 >2<41000]

Thus 120 m? per day per m?2 of filter area is equiva

= 5000 litres per hour per m? of filter area.

Filter area on the basis 43200 _ 588 m? fi :
: = = : ilters, a chart as sho ;
of maximum filtration rate } 150 sand Wn in table 8-1, s prepared.
TABLE 8-
Filter area on the basis 43200 360 m2 IFFERENCE BETWEEN
of minimum filtration rate } - 120 — ES OF FiLTERS
Area of one filter unit = (360 — 288) = 72 m’. No. tem Slow sand filters Papid s3ad ey
. . — gravily type)
a : : :
Total nos. of filters = Maximum filter a're 1 | Base material of. | Varies from 3 10 65 mm Varies (
Area of one unit ravel in size" Yyeries from 3 to 40 mm
. 'l and 300 to 750 mm
360 in depth in :’uze and 600 t0 300 mm
- 2 . 3 in depth.
=97 7 E | 2 | Coagulation Not required. - Esscn‘:ial
' 37 | Compactness Requires Ia ; SR ;
Now, each unit of filter is working at the filtration rate of 120 m? - ins?allauon‘—'“e arca for its z’;:l'l':; small area for its
: i . L g on.
per day per m2 of {ilter area and the operation of filter is out of | | Construction Simple. Complicated as underdrain-
order for a period of 30 minutes. i age system is to be prozerly
Hence the total working period per day of each filter is ' 5 | Cost of operation | Low. :ﬁ';:‘g"ed Agd¥coniuded: :
(24 - 0.5) = 23.5 hours. ! g 06_93?111'_0_"_0’ plant | Low. High. f
X . . - | Economy High initial N e ; .
Output of t . | gh initial cost of both, G\cap and quite ecoromicll.
e pdayo each. un| } = Area X Filtration Rate X M)Lmz%peﬂ I = land ang material. %
235 4' /Br’ Ellicency Very ellident in the removal | Less efficient in the removd ‘
= [72 x 120 X —2-4—J A 9! bacteria but less efficent | of bacteria but more efic=it i
) A | in the removal of colour and | in the removal of cdox xd i
— 8460 m°. il turbidity. wrbidity. — f
) Filter media of sand | Elfective size varies from 0.20 | Elfeciive size varies frem 035

Wash rate = 10 mm per second per m? of filter area
= (10 x 1073 x 60) m per minute per
m2 of filter area.
Washing period = 5 minutes

Wash-water required
q } = Area X Wash rate x Washing period

T K s SN

;nd filters (gravity type) separately,
o dilferences between similar jtems of

g out the points

slow sand filters and rapid

O

10 | Flexibility

11 [ Loss of head
1.2 Method of cleaning

to 0.30 mm and uniformity
coellident is about 2 to 3.

| Not—llexible for meeting

variations in demand..
150 mm to 750 mm.
Scraping of top layer of 15
mm to 25 mm thickness.

to 060 mm and uwilomey
coelficent is about 12 20 L.7.
Quite (lexible for reazonatle
fluctuations in dem2ad.
Imto 350 m.
Agitation and back-wa2shing
with or without the hdp of

per day od essed air. Short an
= 72 x (10 x 107 x 60) x 5 ki i abeioss At | ooty gl :
= 216 m’. -
16 m 7| Period of cleaning | 1 to.3 months. 210 3 days.

- Wash-water required
Output of each unit

Percentage of filter out- }

put used for washing x 100

14 | Rate of filtration

100 to 200 litres per hour
per m of filter area.
Not essential.

3000 to 6000 hters per
hour per m? of filter area.
Essential.

T 216 3 N5 | Skilled supervision i G
= —— x 100 W . . i itable for aues
ili can be constructed It is sui ( ;3__,
- !234565(; SU"abllll.y :Pleorc.;lielrabour and material. where land':osus lahu:
= 2. . 42 g variation ¢
It s suitable for water is considerable.

4

here land is
* | and !i!m” where
- | cheaply available.

e e e R e SRS e i e i
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Englneering ' Disinfection of Water iG
d Sanitary Engine ! o ; '
218 Water supply and Saniet = T '} The most popular disinfectant of water is chlorine and it do
(6) It should take only reasonable time lr: ) g m l:JP-; 1 obey the equanpn mentioned above. But it follows the relati:\
pathogenic organisms at normal temperature. en by the expression: j ,
i i he chlorine is an ideal dN :
It has been universally recognised that aN _ _x
material for the disinfection for treating water on a large sca!e. The at Nt
disinfection at present therefore is mainly carried out by chlorination. } ~. Sﬂ B S- oo
However, there are other minor methods of disinfection. We will discuss  fio 7 =J N =
B . o H 8 \.“
these methods before we take up the discussion on chlorination. \ 'loge N, = _ﬁ o |
Theory of disinfection: ) . t g 2 |
The rate of Kill in general is expressed by the Chick's law as " =0, M =N, |
follows: - C = loge Mo \
AN L Koo (1) i S ‘1
* e §. ST 2 a
where — Reaction rate constant for particular disinfectant Q N ;
Q 1
N = Number of yiable -organisms 2 = = logyo %
K N, f
N, = Number of organisms at any time . . 5
Integrating equation (1), ; t = 2 logg —
& . " K N,
S an _ _ S KN, |l Jblem 9-1.. : _
dt , ‘
g daN _ _S K dt L To WQ.?O% 41=Z[ bacteria, the ozone is to be used in
J N, - fater with a residual of 0.6 mg/l. The reaction constant under these
loge Ny = — Kt + TSP PR R (2) -londitions is 3 X 1072 per second. Calculate the contact time period.
At t=0, N, = N, = Numberof organisms initially.”. ~olution:
loge Mo = C. Now, 99.70% of bacteria are killed i.e. 0.3% of bacteria remains
- Equation (2) will be, Y I}In tHe water .aner ozonisaticn.
loa. N. = — Kt + logg N, ‘ j| In the water, the concertration of bacteria is 100 mg/l and after
e de o wonisation. it is-0.30 mg/l. But residual of 0.60 mg/l is given.
N, , g . . el
log, — = — Kt N, = Number of organisms mmally
Mo - - 0.60
N, = 100 x = 200 mg/l
‘ > 030
t = —loge — .
e P N, = Number of organisms at time t
Changing to base 10, i = 0.60 mgl/l.
1, - No N
t=logio 5 Now o Mogin o
K B Nl . ' = Kl di0 H(
Since N, will never reach zero, it is the usual practice to specify _ 1 log 200 — 84 seconds
kill as a percentage e.g. 99.7%. - 3 xlO'z 10 0.60
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hypo chlorination is carried out at preg
[ hypo

v ) hlorﬂe) .
TH (high test hypo<! + Pitte
nds such as :c‘ instead of bleaching powde; hlo

ne content of about 65 tq
compounds are as follows:

water Sup

228

The process 0
commercial compou
Pittcide, Hoodchlor,

These compounds

her advania ) .
. )Th'efhm carc available in powder form 10 small packings.
(i ey _

(i) Their chlorine content does not decrease ‘:“h storage.
Il I ; iti

N ater in dry condition or as sq|yn
(i) They can be applied to the ¥ Olution

The process oOf hypo.chlorination is not adopted for Pub"c Waley
supply p‘r)ojecls. It may however be adopted for small Installationg

such as swimming pools, etc.

Problc5)/9-3.

r

have 2 chlori

0 pe
ges of such ;

— T r—

A town having population of about 50000 is lg .be supplied Water
at the rate of 150 litres per capita per day. The disinfection of way
is 10 be carried out with bleaching powder containing 30 per cent of
active chlorine. If the chlorine dose required for infection is 0.3 p.pm
or 0.3 mg/l, calculate the quantity of bleaching powder per year, .

Solution:

(150 x 50000) litres/day
1.5 x 108 litres/day
Chlorine dose required for disinfection = 0.3 mg]l

7.5 x 106
0.3 X ——— kg/da
108 b

*Total requirement of water

Quantity of chlorine required

1

1

2.25 kg/day.

Mow, the bleaching powder contains 30 per cent of active chlorine; ;

It means that 30 kg

Dowdi of chlorine is available from 100 kg of bleaching

/» Quantity of bleaching powder —‘ 2.25
| required = 0 X 100 kg/day

Requirement of bleaching powder = 1.5 kg/day.

per year

u

(365 X 7.5) kg

= 21315 kg, say 2750 kg.

(2) Chlommlnes: It
X

Is ( , ;
water, But when It Is mjypq | ound that chlorine alone | not stable In

din \yam yullh ammonla

¢

ent b; i
.\

+ It forms compounds, :

Dlslnlccgion of Water

229
re stable in water and
They 2lso remave odour
the reactions involyed:

own 35 the chloramines These compounds a
kn (ound to possess disinfecting properties.
?om water to a certain extent. Following are
r

H,0 + Cl, = HC + HOCI
NH; + HOCl = Hy0 + NH,Cl (Monochloramine)
NH,Cl + HOCl = Hy0 + NHCI, (Dichloramine)
NHCl; + HOCI = Hy0 + NCIy (Nitrogen trichloride).

The monochloramine NH,Cl predominates at pH value over 1.50;

:: pH below 4.40.

The ammonia is added to the water generally in the Tatio of one-half
1o one-fourth ol chlorine amount. The ammonia dissolves quickly in
water. But it does not dilfuse easily in water. Hence it is necessary
1o mix it with the help of mechanical means. The ammonia may be
used in the form of gas or as solution or as ammonium sulphate

' or as ammonium chloride.

One precaution is necessary when ‘water is treated with the
chloramines. The water, after treatment is completed, should be supplied
1o the consumers after an interval of about 20 to 60 minutes.

Following are the advantages ol adding ammonia to the water
before the addition of chlorine:

(i) It is more elfective than chlorine alone.

(i) The elfect groduced lasts for.a longer period.

(iii) The quantity of chlorine required becomes less.

(iv) There is less irritation to nose and eyes. Hence it is more
useful for treating water for swimming pools.

(v)  There is no danger of overdose.
(3) Free chlorine gas: The chlorine can be applied in gaseous

~ form or in liquid form. In the former case, the chlorine gas is dissoived

in a small quantity of water and then the solution is fed to the water

. under treatment of disinfection. In the latter case, the chlorine gas

Is converted into liquid form by applying pressure on it. It is foung
that the chlorine gas when subjected 1o a pressure of about 0.7 N/mm
Is converted into liquid. The pressure will however depend on the
lemperature,

The liquid chlorine Is stored In pressure cylinders of drums and
Is supplied for use, The liquid chlorine Is highly corrosive when damp
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Wate

‘o0 0
4 of aeratio
able measure fo

r exposure to sunshine. By \
r final waters which

234

by the simple .
is not a pracuc
intended for public supP

Problem 9-4. )
t 20000 m” of water Per

i i to tred
uantity of chlorine used . :
day 1;:88 qu_ Thye residual chlorine after contact period of 10 Minutes

is found to be 0.20 mg/l. Calculate the dosage in mg/l and the chlorine

demand of the waler.

Solution:

hig

metho
are

cal or desir
]y pu[p0585~

20000 m’

Water treated per day =
' 20000 x 107 litres

_ 20 x 105 ml.
8 kg = 8 x 10% mg
8 x 10°

20 x 10°
The given chlorine dosage is therefore 0.40 mg/l.
Now, Residual chlorine left = 0.20 mg/l.

Hence the actual chlorine dosage which has reacted in water i.e.
the chlorine demand of water is equal to (0.40 - 0.20) = 0.20 mg/I.

]

Chlaorine consumed per day
0.40 mg/l.

- Chlorine used per litre of water

Problem 9-5.

The results obtzined from chlorine demand test on samples of
raw water are as [ollows: ' :

Sample no. Chlorine dosage Residual chlorine after
in mg/l 10 minutes in mg/l

] 0.20 0.19
2 0.40 0.36
3 0.60 0.50 7
4 0.80 0.48 : f:‘
5 1.00 0.20 o
6 1.20 0.40 g
; 1.40 0.60

—_— 1.60 0.80

Draw the e

dozage. Also cac

s A i

orine demand curve and find nt
out the break point
ulate the chlorine demand at a dosage of 1.20 r':;"- -

'\

&
< |

golution:

Disinfection of Water B \

The chlorine demand curve or in -the strict sense, the chlorine
residual curve is drawn as shown In’ fig. 9-2. The break point is
represented by point C and hence the break point dosage is 1.00 mg/l.

1.0
0.9
0.8}
0.7}
0.6
0.5
0.4
0.3
0.2
0.1

(¢}

T

c 45"

Break Point

|
18 20

Resldual Chlorine n p.p.m. or mg/{

yareok Point-Dosage = 1.0 mg/f
Ay oy 1 1 1 \ 1
02 04 065 038

1.0 1.2 1.4 1.6

Applied Chlorine in p.p.m. or mg/t

Break point chlorination
Fic. 9-2

Then, Chlorine demand at}

'Y = Applied chlorine - Residual chlorine
» break point
= (1.00 — 0.20) = 0.80 mg/l.
The chlorine demand after the break point becomes constant and
all added chlorine subsequently appears as free chlorine.

Chlorine demand at a } = 0.80 mg/l.

dosage of 1.20 mg/l
Note The result is in line with given data of chlorine residual

of 0.40 ma/l with a dosage of 1.20 mg/ giving the chiorine demand
of (1.20 — 0.40) = '0.80 mg/l. g

Tests for chlorine:

Following are the usual
the amount of [ree and com

(1) Orthotolidin test
(2) Starch-iodide test.

The orthotolidin test is very commaon
is costly and time consuming, it is adopted only when the

test becomes unsuitable.

tests which are applied for determining
bined chlorine in a sample of water:

and as the starch-iodide test
orthotolidin
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P Disinfection of Watey 5 8
/aér methods of disinfection:
Following are the seven minor methods of disinfedion
(1) Boiling mehod
(2) Excess lime yestment
(3) lodine 2nd bromine treatment
1.2 % 1075 (4) Ozone treatment
(5) Porassium permangznate ,
(6) Silver treatment i
(7) Ultra-violet ray treztment, .

Each of the zbove minor method of disinfection will now be briefly

Yater ‘.;upply and Sanltary Englneering

220

me _/;’Z::) 3
Cm'np:are !h.'un% tirmnes ﬂt('.}"m!j 10 obtain 99.99% kill of bact

in water under the following conditions:

(1) Free chlorine residual of 015 mgl) and K = 1.1 %107

per second. -
' (2) Combined chlorine residuzl of 2 g/l with
per second,

1l

K

Solutlon:
(1) Free chlorine residual: ’
The bacteriz 10 be killed are 99.9?‘& ie. 0.01% bacteria remain

zscribed.
in water,
. ¢ i (1) Bolllng method: Wien the water is boiled 2bove 2 centzin
acteri ts concentration.
0.01 mg/l bactesia remain from 100 mafl of ;’] ‘;° smperature, the bacieria zre Killed. The boifing of water is the most
aE L (f 100 % 212 = 1500 mgfiplective method of disinfection. But 1o boil water on 2 large sczle
0.15 mgll bacteria remain giom 001 . irrggracticable, However, in case of epidemic, the consumers may
concentralion.}, ;dvised 1o boil the water belore use for drinking and domestic
Thus, M, = 1500 mgll; ; A'u’rpo'sr:s as the @iling of water is an absolute safeguard agamst :
| - Mfection by bacteria of the wzter-borne diseases. Most of these bactesia
N = 015 mgl 1z deswroyed when the Water has aitzined 2 temperature of 2bout
znd K = 1.1 % 1072 per second. }0°C, but it is saler 1o 1aise the temperature to bolling. However
: 5 1500 't will only be sulficient to bring the water to the bofiing level and
Then, - [ = 1’ %logw -,7° = Jl T logyo o015 ‘trolonged boiling is unnecessary and wasteful.
: T (2) Excess lime treatment: The treatment of lime is given 1o the

, = 26.97, say 27 seconds.’ vater for the removal of dissolved salts. But it was found that if

(2) Combined chlorine residval: mcess lime is added to the water, it will also work in 2ddition 2s
: 5 disinfecting material. The action of excess lime is based on the

3¢t that lime increases pH value of water. The extreme 2ddity of
N, = 2.00 mgll ikalinity is detrimental to bacteria. Hence, when pH value of w‘:w( A
_ AR £ ' : & about 9.50 or so, the bacteria can be removed to the extent Ci

K= 1.2 x 107 per second !’:9.93 or 100 per cent. But when this treatment is adopted for
N = 100 x 290 iﬁsm(ecﬁon, the excess lime is to be removed by any suitable |
? 0.01 + Jl recarbonation after disinfection. : ‘

In this case,

= 20000 mg/l. ; (3) lodine and bromine treatment: When "‘7"_‘;‘:&"‘ "?t;’ e
dine or bromine. it is disinfected. The dosage of iodine of bromif e
2 20000 , it s dis _The dosage of P iraded B

‘ 1.2%10 " ¥he iodine and bromine are also available in the form of peliets |

small wates

all pills. The use of iodine or bromine is limited 16 SE2L o

Bupplies such as swimming pools, troops of arm¥. privse

= 816.50 seconds.
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Water Supply
o
Pp="p(1+1) @
where " =future population
Pp =present population
r = probable rate of vearly or per decade increase

1 =number of years to be considered.

When the population data of the past decades are availah), -

the average value of r can be computed from the f°“0\‘dngé ,

expression
n’P_

\

r= -1

where P; and P, are the population data at two dates of n

number of years.

This method should be used carefully as it may give
erroneously high results when applied to young and rapidlyé
advancing cities having expansion of short duration only-.-"f

|

This i
method is also known as the Geometrical Progression

method.

E . . d
xample : The population of g city was 124,000 in 1960 -

and 156,000 ;

'inCreasc? (b())\;]h ]97.0 - (a) What was the annual rate of ,
‘ at will be the probable population in 19807
Solution; (a) Here, P\ 124 000, p v

. ’ » 1=

I =1 M
124,000 "' =1023-1= 003

(5) In this cage P
>p

156,000 and n= 10.

=]
56,000, 1=0.023, ang n=2(
48

Water Supp.l_v _
b, =156.000 (1+0.023 )’=246.000 Ans:

(7) Least Square Parabola Method: In this method. the

population-time curve is assumed to be parabolic.

et the variables X and Y denote respectively the year and
the population during that vear. The equation of the least
square parabola fitting the data (census data for a number of

decades ) 1s
TS 1), GO e (2.9)

where a. b and ¢ are constants and are to be found from the

following normal equations by applying the actual data :

TY=aN+bIXHCTX?  crvveecemmvmnsmsssnmnsssssseseees (2.10)
TXY=aE X+bT X HEIX? Lciremnrmmmnssnesesiensssssen .11
TX2Y=aT X2 + bEXC +CEXY i e (212)

where N = number of observations or sets of data.

If the popula.tion data of the city under study for a number
of decades are known, then by solving the simultaneous
Egs. 2.10. 2.11 and 2.12 with the given data. the values of
the constants a. b. and ¢ in the Eq. 2.9 can be computed. and

the desired equation of the least square parabola can be

found out. Then from this equation. the population at any

future date can be computed.

F-4 49
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water Supply Water Supply
S f - > tank 1S to be 23 fi.. whar ; :
e H(_) ...................... (- 1 ! h Of water n the ] . what 1s the required
1960 I &P wer of @ pump for which the overal] efficiency is 47
o . - AT reO i 2p0 2
. oo heoretical hOrsepoOwer required orseP
“in which P= theorelic _ o OPeras . ; ent?
mp {“- HP = Water Horse Power): e E‘*“' cc : ,ad loss due 1o friCliOn in 2()() fl.‘] 3 fl
;’iuu * . _— \_umc C .
-1 lift or head of the pump: ASS -r head losses
H = total ittor et all other ne .
3 = yolume of water o be pumped. ¢pm. _\3.:l~.t .
Q SO|U"On .

ks dn . pumped against Is given in psi. the & L S = . e
If the head to be pumpe PsL. the formy, ation Of water surface in the tank = 372 + 25=397 fi

E . .
becomss. Discharge lift or the vertical distance from the centre of the
1_ = e
= . . .
pelt oo e (52) mp to that surface =397 192 =205 ft
L7153 g ertical distan
in which P = intensity of pressure. psi. suction lift. or the vertical distance from the water surface

1 the reservoir to the centre of the pump = 192-180 = 12 &1

[ty ¥y

e actual horsepower required depends on the efficiens,

the pump and may be found by relation. Since that pump is above the water surface this lif ¢

P, = E (53) positive.
VTR Total head H = 20512+1.5<1.5 =220 fi.

in which P; = actual horsepower required to opersi: & p= HQ _ 220x 6.750 =375(W.H.P)
3.960 3.960 T

pump (B.H. P = Break Horse Power)

i

E =effciency a1t 2/2 _
C = eiliciendy of the pump. P, =0 p= = 3560( BHP) Ans

PROBLEM 1 : It is required to pump water at the rz & . PROBLEM 2 : Desien a suitable set of pumping unit to

6'75 & oo iTor a 3 -~ i e ,:‘;T-‘a_, 3 3.9
$Pm from 2 reservoir whose surface is at an T | defiver 4 50 000 gph from an intake well of a river bank to
* = i i LAl «

Of130 .10 2 tank whose bottom is at an elevation of 37> | e treatment . piy
T:e PUmp is placed at an elevation of 192 fi.. the &:"'f—’ b imale i top:ha:t.tr Total lenglth o.f nss(l;i m:u;x ;::;:vf
" 7 suctlon pipe is 30 inch. the length of the piPe 7™ | b js g9 ft-Design elam[;m o = i
g 4: ‘ .:Q %< tank is 290f1. and the estimated size of &% “‘ Assume. Velocit\j : SO the caft f_mn main.
:‘-":‘r:*:i? ) Sum of the minor head losses in 1 :i;' _ fiction factor .=0() ;)\;;ir e

PP may be taken as 1.5 fi. If the ™ *Miciency = 7()0«'. )
e 203 §
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Water Suppi

h
Solation.
Q =4.50,000+-60 =7.300 gpm
inQ= 4.50.000 —_—
AN T SOx60x624
‘0
Cross-sectional area = — =L667sq &

”Z _-1.667 (d = diamete

: 1.667 x4 .
d= 1874 | s =18 inch

Frictional head loss h;

4/Iv 4\0007\\800\(1“)‘

29d 2x322x1.3

Velocity head. hv=~/ 2e=(12)2x323=2 245

Total head H = hg+ hy h, = 60~36-224=98 21 §
- HO 98.24x7.300
3.960 3.960

=188 (WHP)

P= 280, 265 (BHP S
0.70 - - ( ) -‘\nb.

PROBLE.\[ ? b4 \\ ater l\ \urpl‘ﬁ n‘om an 11'7.'\““—*
l‘t\&l"\@ll‘ \O ﬂui

Sar +h> b Rt

SS aWay 10 a Service reservelr nar ik

. 3
A Cast iron main is to be designed to supply 423 med 1\

Q .
fh?\d ﬁl}*‘ [ n’ti}ﬂn n ﬂ‘“ p]i_\e l\ e‘ﬂﬂ‘ir&d o fr o #

r'?‘f

Allo -
other head Jooses are neglectad. What size et e i
would vou pee?

AR A

Water Supply

= =)
Ssherituting the value of v~ from Eq.2tw0Eq. 1.
: % =407

_16x(787)°

=9
mea07s o800

~&11.98 ~ 12fi. Ans.

Problem 4 . Design a pumping unit capable of lifting 3 mad
b "Rr from an intake well to the treatment p‘*‘ 2:’“ nst2
ehead of 60 fi : length of suction main is 120 ft and that
Sy 'I:mu main is 400 fi. The pump will work in oW “’1:‘5
“Sthours each,

~ 7
i

Lwyme .
Me ; Velocity of flow = 6 fps

205
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Splution :
otal length of pips = 120-200 =320 fi.

) Sx10° .
D‘-Q""’ﬁ;;e‘Q::mgd: 61 28/1() cu ﬁld&\'
Since total pumping time is 16 hrs/day.
0 .
Pump Iu” capac,l = 8 i =350.000 cqu’hr.
= 50.000 =139 cfs
60 260
0= 3{_ =13.9
4= \;4’1369 —1.7=21.75ft =21 inch
¥/ g 4
_ 42001 #5207 67 —67f
2x32.2x1.75
62
h,= =0.56f1
2x322 f
H =hs+hhy = 6046.7+0.56=67.26ft
50.00.000
Q=—-"""275220;
16210 o EPT
_ HO _67.2645,220
3960 3.960 88.5 ( )

P 885
p Se—m
) 2 075 =118 (BHP) Ans.

m
Problem 5 : Design the transmission main and we ’
unit from the following data -

206

n

A

“/‘—

,won factor

cciency

1w 7318 = <V P
e IR Rt

s SUrr- ) o< (M
B2 opulation=32.Y }

- 3180 F-F
2 . = at the pum house = 102.30 fi.
_nd R
= L = ]Q UO fi.

/I‘ throu’h pipes = 8 Ips

ing ime = 10 hrs. daily
/pl g

j] ;n("[h Ofplpe . 3 00 fl.
=0.01

=63%

Solution
Toal water required = 40x85.000 =34.00.000 gpd

340,000

=5.45x10° cuft/day

6.24
5.45%10°

Pumping rate = — =5.45x10° cuft/day

_545%10°
60 % 60

2

wd
Q=T=xv=15.15

ca- [4x15.15
"d‘\/:=156ft.
Tx§

=15.15cfs

Us
*42linch diameter piped =1.75 fi.

Saic heaq < 193.00 -102.50 = 90.50

m%nmmh=4X001x300x82
k_

=80.0 ft
2x32.2%x1.75

V(lOcny heag=_ V8"

i 2o DRI R e e

i

SR N8R s oyt S

A S A SRR AN AL
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water Supply

_ 00.5+80.0+1.0=171.51

B 34.00.000 _ 5 667 gpm
charge. Q= T10x60
yo 171533667 246 (WHP)

potal head.

s

246 _3g0 (BHP) Ans.

—

P_
.‘.“lz’é” 6

=
N

208

1

N
AN

M
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Water Supply

QUESTIONS

gate the purposes Of pumps and pumping machinery  in
) pply systems. =

water su
supply 1o a small town with ultimate population 6t:—

ater
\\\\n: lakh U'OO'OOO) supplied with 60 gped has to be
ranged from a river flowing nearby. Design the
c\-onomicul section of the rising main and the necessary
pumping unit from the following data:
Static head 60 ft
Total length of pipe 320 fi.
Coefticient of friction 0.01

Velocity of water in the pipe 6 fUsec

pump efficiency 70%

The pumps will work in two shifts of six hours each in a
day. (BUET. 1972) ‘

Write the characteristics of centrifugal pumps. Design a
suitable pumping unit and the size of the transmission main
delivering water from a source 300 yds. away to a treatment
plant or a small town having the design. Population of 2.3
millions supplied with 30 gped against a frictional head of
0. The pump will operate only 8 hrs. ina day. Take pump
eMliciency =639% and f= 0.01. Neglect all other head losses. (
BUET. 71 ), |

Sla Y : g et
'® the general considerations for pumping install
a pump w0

ation.

What ; ‘
at s . .
Uis the theoretical horsepower required 1of

]
209
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Watcr Supply

Cwater againnt oo Gl Fye
ralse

o
including all losses 7 &8
which type of pump do you sugpenst ;. why't (4 W,
What is the total 1ift of a pump 7 )
Design a pumping unit to transmit watey from 4 . e, .)

treatment plant of a snail town Jlas ving ultims 41e Gppy, i

of 80,000 supplied with 50 gped of water
Given @ R, L. of the ground at pump hours - 98.20 11
R. L. of the entry site ground 10 4 freatment
plant = 154.60ft,
Length of pipe line = 200011
Velocity of water through the pipe =
Friction factor = (), 0075
Pump cfficiency = 659, (BUET, '67)
A multistorjed building re
water will be supplic
Suitable pumping yn

head =17 . Dcllvcr
d(.hvu'y ]‘)lpL =

-8 Ips.

quires 15,000 gpd of water, T
d'by a 3 inch diameter well. Design?
it from the following data : Suctio

head= 180 ft. Size of the suction a8

=
of water through pipes =’

lactm' = 0.01 /\ssumL reasonable valucs of
data Not supplied. ( BUET, 1972)

rite prlanalory notes on -

Deep well 1y urbine p,,

Ump, Air Lift submersible U
Suction lift, P, Air Lift Pump, Submers |

210
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basin is 4

is basin.

th a given

ller will be

| without
- designed

Actually-

gation and

avz ) e
avity- S

Kinematl®

! hjilll.

| posin, (

- W"fi'_lhc velocity of flow JNCH F7 5 50

Walter SUPI)ly

cctangular sedimentation tan
| ] 1CLIEE nk is g ‘ |
i e Sh WwWn m Fi y
ol 0 Fig.

“One million g

‘B
),
\

“;:nnl)lQ/l/: . flll()ns of water per day (1 mgd)
..cqlhrnugh a sedimentation tank which 15 20 ft. wide. 50

:Pl.on‘.—‘- and 10 ft. deep, (a) Find the detent;on time for this
(b) What is the average Velocity of flow through the
i (e) If the suspended solids content of the water
qges 40 ppm, what weight of dry solids will be

osited every 24 hours assuming 75% removal i
i val in the

d) What is the over flow rate?
Volume of tank

ghtion : (a) Detention time =
Flow per unit time

:20x50x10

1x106
=1.8 hrs.

x 7.48x 24

6
i Velocity, Vs = £ = _1x10
- 4 20x10x7.48x60x60x24
=0.0077 fps.

: 6
40x10° ¢ 34%0.75

| ©) Totat solids deposited =———

10,
=250 1b/day
06
| )0y _ 0 _Ix10 _yp00gpd/ st
er flow rate 3L 50 20

-~

tank 1s 10 treat

R imentation
fq7m leJ/ - lar sedimen '
L : A rectangu period L obed

er. The detention

ninute and the depth

i
. JU‘Oigpd\ﬂf raw wat

inch per!

301

£
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- shaped with a slope of about 1 inch

Wwater Supply

of water and sediment is 14 ft. 1f an allowance 4
I ¢

t should be the length and v oy
Vidi
i ()

[

sediment is made, wha
the sedimentation tank?
Solution :

Velocity of flow =
Total length of the t

Volume of water to be treated in

4
4 hours = f_gg_g%)_L = 66,700 gallons

3 inch/min—0.25 fpm
ank =240 x 0.25x60 ft.

= 8,920 cft.
Cross-sectional area of the tank
= 8,920/60 = 148.7 sft.

Effective depth of the tank- 14-4 =10 ft.
Width of the tank= 148.7/10=14.87= 15 ft.

Circular Sedimentation Tank: Sometimes, circular |

sedimentation tanks are used, as shown in Fig. 8.4. T

diameter of the circular tank depends on the overflow rit:
g madt |

volume and depth. As for circular tanks, equipmenti

in certain standard sizes, generally, the tank bott0

horizontal. With these conditions as bas
circular sedimention tank is found by the formula
V=D’ (0.011D+0.786H)

in which V = volume of circular tank in cft

D = diameter of the tank in ft

302

.’."/“’

vertical 1" ]ﬁ'.
n the volu™ 'f

Exampl
mechani

gpd of ri

Influen!
B:

Sludge =

With
Pipe rawi

Slud
Fig. 8.
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The filter beds are usually rectangular in size, b
1Ny

Water Supply

3 S 3¢ ac YD) ¥ .
ratio of length and breadthas 5 ¢ 2. & the

Example 1 : A rapid sand filterplant is to be designeq

~ r fo]’
capacity of 6 mgd. What should be the numbe, and s;j :
i o si

; - ze of
the filter units? What should be the percentage of of
ered

water required to wash the filter beds? What shoy dbe g
e

capacity of wash water tank?
Assume: (1) Rate of filtration : 2 gpm per sq. ft.

(2) Rate of washing : 15 gpm per sq. ft.

(3) Length of filter run : 24 hrs including 5 mj,
for washing the filter bed and 10 min for
reEteEmem of sands.

Solution : I
(a) The plant will operate only 23 hr and 45 min.
fihralion rate = 2x60x23.75=2830 gallons per day

per sq ft. |
Filter area required = (6.000.000/2,830)=2.100 sq ft. *
No. of units. N=2.7,/0 =2.7/6 =7 |
Area of each units =2100/7 = 300 sq ft.
§ize of each unit = 20" x 15"

(b) Total wash water required=15%2100x3= 157,500

gallons per day

Percentage of filtered water required
=(157.500/6,000,000) x 100 = 2.625% s

(c) Capacity of wash water tank-1,57.500 gallons.

w2
W
9

Water Supply

mple 2 A filter bed has an area of 360 sq ft. If the
xi . .
E15hi112 for 5 min at the rate-of 24 inch per miy is
W g

qemplated. how much wash water will be required?
co

olution . 24 inch rise of water is attained by applying the
Lash water at the rate of 15 gpm per sq ft of filter area.
Wash water requirement-15 x 360x5=27,000 gallons.

pxample 3 : A rapid sand filter operating at 2 gpm per sq fi
needs washing after 24 hr of operation. The filter has an
area of 350 sq ft and it needs washing at the rate of 15 gpm
per sq ft for 5 min. The time required for resettlement of

sand is 10 minutes.
What per cent of the water that is filtered will be required

for wash water.
Solution : Filtration rate = 2x60 x.?3.75=2,850 gpd ped sq
f. Capacity of the plant=2,850x330=997.5000 gpd. Wash

water requirement=15x3x350=26,250 gpd percent of

filtered water for washing the filter=(26.250/997.500) x

100=2.63 [
Efficiency of Rapid Sand Filter: With proper pretreatment
of the water, rapid sand fi*.>rs ar¢ applicable for treatmen

erv efficient in
of any surface water. Rapid sand filters are'\_er} ; ;
odour, turbidity. iron an

removing bacteria, colour: rcentage removal of the

Manganese. The following ar¢ the pe
above mentioned water quallt)’-

F23 333
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; N\\H\-\\
\.‘hl\)l\ine
heoyg,
becauge
28,
n‘immm\
Wity op
\ Supp[y

ne. Thig

POwder
tvailable

powder

powder

so loses

neans Of_‘a i

s¢ OE_':-“‘j‘avj‘":?'_'~ o

Jlective, 100 mueh
S

- pount of chlorine (gq o
' Chlorine Dosage : The
dded o the wager
 hboratory by adding v

- wsidual after a cont
- Example ;

= s il

Willﬁl' S[]pmy

(hin NATOW limitg of ace

pperation ol ¢hlorinatoy S

amount of chlorine re

quired to pe
supply

€an be determined in the
arying dosages of chlorine to

equal
aste? sample and f

nding the amoun¢ of
act period of 10-20 minutes,

IUis required to disinfect 5,00,000 gpd of water
with 0.3 mg/l of chlorine. If bleaching powder is used
(Which coatains. 33'/3 percent of available chlorine), how

"any pounds of bleaching powder are needed to treat the
dily flow of water ?

Solution
349,

proportions of the w

Available chlorine in the bleaching powder is

~1'Ib of chlorine is available.in 3 Ibs of bleaching pow'c:;e.r.

| ori ion
Since | mg/l of chlorine = 8.34 Ibs of chlorine per mi
&llons of water. i . ;
“ Amount of bleaching powder required per million gallon
"3 % 8.34=25-02 Ibs. i _ e
“ Amount of bleaching powder required /Ifor a |

| 3 mg/l.

300,000 gpd and a chlorine dosage of 0.3 mg/]

361
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Water Supply

S )() » B | - ~
NS “2 3()(_):9&” X 0.0~ >‘.7> lbb . f

=220 000,000

: IR SR I fi
Minimum chlorine Residuals for drinking water g 20°¢

— 3 i LT
pll Valve 6-7 | 7-8 | 89 m L
Free available chlorine, mg/l| 0.2 0.2 0.4 | (g (
after 10 mins . | f
- ailable chlori 1.0 | 13 | 15| 1.7 |

Combined available chlormne,| 1. 3 Sog |

‘ |

mg/] after 60 mins |

Special Methods : Chlorine is generally applied after |
other treatments have been given to the water supply. This
may be termed as post chlorination and is the standard
treatment at all waterworks. There are, however, other
special methods of chlorination to be used depending upon
the particular purposes to be gained.

\gﬁﬁ?e-chlorination is the application of chlorine preceding
filtration, either added into the suction pipes of raw waltt
pumps or to the water as it enters the mixing basin. Pre-
chlorination reduces bacterial load filters resulting in |

increased filter runs, and oxidizes excessive organic mater:

;:)u?vemoving taste and odour. <
W) Double chlorination is the application of chlorine a s

points in the treatment process. It is essentially Pi:

5 S : X Wl
chlorination with an added treatment to the final effluet
from the filters, Advantages claimed with this me

chlorinat; - - ilters. (il
Wlorination are (i) decrease in the load on filters. (il

thod 0 y

gfea[ i

362 o
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CHAPTER 16 SOURCES OF WATER 21

Rainfall Intensity, mm/Month

Month

Figure 16.12 Monthly distribution of rainfall in a normal
Year in Bangladesh

16.6 WORKED EXAMPLE

Example £ 1 D

A 100 mm diameter tubewell is sunk 35 m below static groundwater_leve]. The

depth of water in the tubewell while pumping i933 m. The radius of drawdown R
1§30 m and the coefficient o permeabili

ity of the aquifer is 0.5 Us/m”. Calculate

the probable discharge of the well. K

. 2 2
Solution: Q=KD" —d)
K = 0.5 Ips/m?*, D =35m; d =33m; R =30m; r = 0.05m

E. SUbStituting the values in the above equation:
+ 0=3.14x0.5x (35 - 33*)/ Log . (30/0.05)

Q=314 x0.5 x 136/6.3969 = 33.4 Ips

 Exampd 2 i +

. : ick
A 100 mm diameter tubewell is sunk to withdraw water from a 10 m_ th
con

' . i Ips/m’.. The
o Inedaquifer having coefficient of permeability equal to 0.75
- depth of whior 5 TR 2 m i

: ' : o m in the
ater below the piezometric level is 30 m and _l.l_mf__{'l*ﬁ.__-—-——

5 D—d

'xu'a‘*m

4
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322 PART Il : WATER SUPPLY

ing. Calculate the discharge of the tubewell when the radiyg

tubewell while pumping.
of the c1rc|e‘o=fJ ThfTuence is 30 m.
_ 2nKm(D —d)

loge (5
D=30m;, d= (30-2)m = 28m; R = 30m; r=
—— ——————— S

Solution:

K = 0.75 lps/m’; m = 10m;
0.05m

Q0=2x314x 0.;15 x 10 (30-28)/(log. 30/0.05)

0 =94.2/6.3969 = 14.73 lIps

Questions:

1. Make a comparatii?c statement of different sources of water for water supply in
Bangladesh. Mention the importance of groundwater for water supply in Bangladesh.

2. State the hydraulics of groundwater flow in wells. Deduce mathematical expressions for
yield of artesian as well as ordinary wells.

3. Describe the aquifer characteristics and groundwater situation in Bangladesh.
4. Explain the problems in groundwater development in Bangladesh. D : A)
-

L § .
g j‘*._lé&-ﬂﬁ'diamelglubewell produces 100 Ips with a drawdown of d a circle of
/)( influence of 120 min diameter. The static depth of water in_the well is 40 m. Calculate

the coefficient of permeability of the aquifer in which the tubewell is sunk. 4

Rz 0943 I
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CHAPTER 18 : WATER TREAMENT 367

Disinfection of tubewell

Tubewells are contaminated during construction mainly due to the use of

contaminated surface waters for sinking. Sometimes contaminating materials are

used to stabilize the boreholes against collapse and caving. Tubewells in

Bangladesh are also contaminated due to submergence in floods or under storm

surges. The contaminated tubewells need disinfection by the following

procedure: : .

(a) Prepare about 50 1 of chlorine solution with a chlorine concentration of 50
mg/l (dissolve . . .
0.150 gms of bleaching powder containing 33% chlorine in 1 litre of
water), ' ;

- (b) Open the base of the tubewell and pour the chlorine solut.ion in the pipe

slowly. The chlorine solution will fill the pipe and then enter into the aquifer

through the strainer.

(c) Dismantle the tubewell and submerge/wash smaller components in the _

chlorine solution and wipe all the surfaces of larger components with the
same chlorine solution. Then reassemble_and fix the tubewell.
(d) Wait for at least six hours and then pump out the water until traces of
chlorine can be smeHed in water’ produced by the tubewell. B
(e) When the pumping of the tubewell is complete, the disinfected tubewell is
ready for regular use.

18.6 WORKED EXAMPLES

}Eésﬁple -1
Ind the dimension of a settling tank to treat 45 m’® of raw water per hour when

the overflow rate is 0.5 m/hr, and the detention time is 3 hours.

Solution : Overflow rate or surface loading = Q/LB = 0.5-m/hr
or 45/LB = 0.5 m/hr

Therefore, LB = 45/0.5 = 90 m? (18.4)
Detention time T = LBH/Q = LBH/45 = 3 hrs
, Or LBH =135 m’ (18.5)
" From equation (18.4) and (18.5)
: H=15m '
Let L=4B

Substituting the value of L in equation ( 18.4)
4B° =90
B = (90/ 4)'?
or B=474m, L=90/474=1897 m &

The size of the settling tank may be taken as 4.75 m x 19 m x 15m

i
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368 PART Il : WATER SUPPLY

g lf\ ity of 27,000 m’d
\/E . lter is to be designed for a capacity O ( m’/day. Wy
. Qgﬁﬂdbﬁ'ﬁg f;llu?rrxbler and size of the units. Calculate the percentage of | filtereg
d the capacity of the wash water tank._~

water required to wash the filter bed an er tan
| Assume: Rate of filtration : 5 nf_/hr[_r_r;z
i . Rite of washing : 35 m*/hr/m . ' . |
{ Length of the filter run : 24 hrs. including 5 m"l;@!ﬁler

e

| / 5 w.a'shingﬂd__lgp}ri_n. for _rcgettlement of sand bedz
Solution: Filtration period = 24 hrs. — 15 min. = 23 hrs. 45 mins. = 23.75 hrs.

, Y Filtration rate = 5 x 23.75 = 118.75 m’/day/m’ :
ﬁ"% Filter area required = 27,000/ 118,75 ) = 227.37 m” [ say 227 m’]
- Number of filter units required = 0.04V 27,000 = 6.57 [ say 7 units]

}(B« 3Area of each unit = 227/7 = 32.42 m’
AVVS Width of the filter unit =V [32.42/(3/3)) = 4.66 : length = 4.66 x 1.5 = 6.99
— - P [d /

I

»

——

, [ say 7 m]
; _~Actual area provided = 4.66 x 7 x 7 = 228.34
Wash water required = 35 x 5 x 228.34/60 = 665.99 m® = 666 m’

Minimum capacity of wash water tank = 666 m’
Percentage of filtered water required for washing = 666 x 100/27,000 = 2.47%

Questions:

1. Whgt are the objectives of water purification? Name the methods of water purification
indicating their specific application.

2. What are the .factors influencing settling velocity of particles in water? Define different
types of settling with examples.

Show that the effici : )
\@ il ¢ efliciency of a settling tank is dependent on surface area, not depth of

a Calculate the dimension of-a rectangular settlin

( _ 8 tank to treat 100 m?® of water per hour

:7Z when the overflow rafe is 0.75m/hr and the detenfian ri.r... - e gorrhgs
: h " etention time is 2 hours, 5.4 x(g:{}"ﬁf

-

S
5. Explain the process of coagulation-sedimeitsr: :
. sedimeriafion? imentation. How does it differ from pla"

Draw neat sketch of a mechanical mixing device

6. What s filtration of water? Describe briefly the the ories of filtrati _ ,
S e - iltration. ¢
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10.

11

12.

L\

14.

15.

16.

CHAPTER 18 : WATER TREAMENT 369

What are the purposes of roughing filtration? Explain the mechanism of roughing
filtration.

Mention the important characteristics of slow and rapid sand filtration. What are the
limitations of slow sand filtration?

Explain the operating difficulties of rapid sand filtration. How can these difficulties be
removed?

What are the factors influencing disinfection of water? What are the characteristics of a
good chemical disinfectant?

Explain the process of disinfection by chlorination.

Draw a typical chlorination curve and explain the reaction zones. Explain breakpoint
chlorination.

- A slow sand filtration unit produces 1,000 m® of water per day. How much bleaching
_powder with 30% available chlorine will be required per day to treat this water with a

; : §
chlorine dose of 0.5 mg/I? K £7Z }49 /407 -

Discuss the procedure of disinfection of a contaminated handpump tubewell.

Explain the recommended processes of disinfection of water reservoir, pipe network and
plumbing system.

Describe the process of disinfection of a dug well water by chlorine?

4

A
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402 PART IIl: WATER SUPPLY

public standpipes should operate at low pressure. Water collected from the
public standpipe is carried home in a container for consumption. The quality of
water, particularly the bacteriological quality, may deteriorate during collectiop,
transportation, storage and consumption. The water consumption from a
standpipe is generally low, between 20 and 30 litres, because the water uses for
purposes other than drinking, cooking, etc. are curtailed depending on the
distance and the number of users of a standpipe. In spite of many shortcomings,
the public standpipe is the most suitable low-cost option for water supply for
large numbers of people who cannot afford to have house or yard connections,

20.6 WORKED EXAMPLE
Example - 1.

Calculate the peak water demand of a2 rural communit Vi
population of 500 for a design period of 5 years. The aver

consumption is 50 Ipcd with a peak factor of 3, the populati
(r=0.02) and the loss and wastage is 20%.

~a_present
age per capita water
on growth rate is 29

Solution: -
Applying equation (20.2) O=fq P,(1+r)/( l—0.0liL
0 =3x50x500(1 +0.02)/(1-0.01 x20)
or Q =75,000 ( 1.02) 1 (0.80)
or Q = 103,508 Ipd = 103.508 m’/day

Xample - 2
Calculate the flow in each of the pipes in the following looped pipe network:
A P34
45 Ips —> E>12 ps
3 800m - 200 mm dia
E
E E
1 | g 51>
S < glc
4 Ips p
©800m - 150 mm dia =k
E E
3|5 5|7

' E
E

El § 2 ? .

5 Ips —
800m - 100 mm dia* 12 lps
(1€
ax1eé & % L
5 L) ' ' S‘ ) X ‘b ’ » S
H A
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CHAPTER 20 : WATER TRANSMISSION AND DISTRIBUTION 403

A flow of 45 Ips enters at joint A from a source. This water is drawn at nodes B,

C D, E and F, at the rate of 12, 12, 4, 5, and 12 Ips respectively for
consumption as shown.

Soluti First | <. o p
olution: First trial wi y
with aﬁxmed ﬂow,/Q,, S5 RS a4
— 8/ ol v
Circuit [z Length, m| Dia. mm | Q, Hy/L. Ho- H/Q, a Q-
Lps m/m M Ips Ips
AB 800 200 +25 00038 [ +304 [ 01216 [ +054 | +2554
i BC 400 150 +13 00046 | +1.84 | 01415 | +054 | +1354
AD 400 150 -20 00102 | -4.08 | 02040 /+0_.§i -19.46
DC 800 150 -8 00018 | -1.44 | 01800 }+054*)|- 557 |
. : +89) | =] Lasut
-% U,g%
e

Sum: -0.64 0.6471
Correction A = - YHAX3H/Q) = -(-0.64)/(1.85x0.6471) =+ 054
- o

20,547

pc | 80 150 +8 00018 | +144 | 01800 [ .19 )| +557.

I CF 400 100, - +9 00170 | +680 | 07556 |7y | +7.11
DE 400 150 -8 00018 |-072 | 00900 |.1gg |-989

EF 800 100 -3 00022 |-176 | 05867 |_4gg9 | -4.89

Sum: 576 1.6453
Correction A = - YH/( XXH/Q) = -(+5.76)/(1.85x 1.6453) =-1.89

<

Common pipe DC required correction from both the circuits

Second trial with corrected flow, Q,

VAR B o i
Corcuit | Pipe Length, | Dia. Qs Hi/L. H, H/Q, | A Q:;
m mm Lps m/m m Ips Ips
AB 800 200 +25.54 0.0040 +3.20 0.1253 -0.46 +2508 .
BC 400 150 +1354 | 00050 | +200 | 01477 | -046 | +13.08
I AD 400 150 -19.46 | 00097 | -388 | 01994 | -046 | -1992
DC 800 150 - 557 | 00010 | -0.80 | 0.1436 - 6.4
' =Qusl] =
Sum: +0.52 0.6160 \
Correction A = - SHI(XTH/Q) = -(+0.52)/(1.85x 0.6160) = - 0.46
+0.46*
DC 800 150 +5.57 0.0010 | +08 01436 | +011* | +6.14
N CF 400 100 +711 | 00109 | +43 | 06132 | 4011 | *7:22
DE 400 150 -989 | 00028 | -112 | 01133 | +g11 |-978
EF 800 100 -489 | 00055 | -440 | 08998 | +011 | -478
Sum: -036 1.7699
Correction A = -YHI(XTH/Q) = -(-0.36)/(1.85x1.7699) =+ 0.11

*Common pipes require correction from both the circuits

SH
4z - x)(i—“&-; ]

,?g? -——4
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5 404 PART Il : WATER SUPPLY

The corrected flow after the second trial is Q.. More trials will give more
accurate flows in the pipe network. »

Question

1. What are the main purposes of transmission and distribution systems? What are (he
different water supply systems? Write the advantages and disadvantages of each waer

transmission and distribution system.

iy iy ‘What are the main types of distribution networks? What are their relative advamag'es
P~ and disadvantages?

| - 3. How can water demand of a community be estimated? Mention the water consumption
[ data and the corresponding recommended peak factor for the design of water supply
- systems in Bangladesh. E%"

1 -
|
it &ﬁ Calculate the peak water demand for a design period of 10 years of a rural village having
1 a present population of 1,500. The average per capita water consumption is 50 Ipcd

with a peak factor of 3, the population growth rate is 1.5% and the loss and wastage is

‘:‘ 30%. « gL{é,j\?ﬂmg/A’

5. State systematically the process of design of branched as well as looped network of
‘ distribution systems.

? 6.y How can you calculate the flow in a looped network using the Hardy Cross method?

CaICl‘xlate the flow in the following pipe network for the inflow and outflow shown in
e diagram using the Hardy Cross method.

| ¥

| ’r . " A’ .

| ( l 30 400 m -\1 50 mm dia B IQ
|

Ips
N/
—150 m 100 mm dia.

1T
¢

4 vy

500 m- 100 mm dia,

> 8lps

\

~ 150 m- 100mm dia.
b

.

6 Ips
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CHAPTER 20 : WATER TRANSMISSION AND DISTRIBUTION 405

e

@ Find out the approximate flow in the pipes in the network shown below:

50 Ips

~
>

20 il )
il \,
> Ips 400mm — 200mm dia 300mm - 15ommda | > 0 P

" .
N i )
15 1S 3 =

€ 1S E EY 9
2 2 7
| ' E
E E E
o o 8
3 5 3 3

20 Ips <— £ & _3.51ps
' 400m - 150mm dia * 300m - 100mm dia
) 10 Ips

9. What are the different types of service connections? Draw a neat sketch of a yard

connection.

i
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CHAPTER 21 :_LOW-COST WATER SUPPLY TECHNOLOGIES 437

21.6 WORKED EXAMPLE

£ sign a straingr for 2”38 mm diameter tubewell to be opeza(t)ted by a No.6
handpump at the rate of 40 lpm. Slot No.10 strainer having a 40% open area is
t(? bepused. The entrance velocity should be around 0.01 m/sec.

solution: The open area per metre of 38 mm strainer = td x Ix 0.p4 =314 x
0.038 x1Ix04= 00477 m*/m ‘

0 = 40 Ipm = (40/60) x 10° m*/sec. = 0.67 x 10° m*/sec.

~ ‘Entrance Velocity, v,v = 0.01 m/sec. |
Entrance area required = Q/v, = 0.67 x 10°/0.01 = '0.067 m’
Length of the strainer required L = 0.067/0.0477 = 1.4 m
Strainer length of 1.5 m may be provided.

The length of the strainer can also be computed using equation 21.2 directly.

ample - 2 @
———
Calculate the raimwater available for a family having a roof area of 20 m? in the

central region of Bangladesh, where rainfall intensity is 2.0-m per year. Assume
a runoff coefficient of 0.75. e

=1

Solution : Quantity of rainwater available, Q = CIA

C=075 1=20m/yr; A=20m

o 0=075x2.0x20.= 30 m¥/yr
\/Zxample-a |
——— 1 :
The average rainfall intensity in Bangladesh is 2.4 m/yr. and the runoff

coefficient is 0.70. Calculate the minimum catchment area required fpr a family
of 7 persons to be supplied with 15 lpcd of water. k

Solution: The catchment are required is, A = 0.365 g N(CI)-
q=151ped; N=7;, C=0.7; I=2.4 mlyr
A=0365x15x7/(070x2.4) = 228 m*

Scanned ‘by CamScanner
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438 PART Iil: WATER SUPPLY

Calculate the minimum capacity of the storage tank required for a fam; of
persons to be supplied with 10 Ipcd of rainwater. The yearly rainfall inteps 8

: o el ity |
.5 m and the rainfall distribution is such that at least 35% of ¢ yu;i
be stored for uninterrupted water supply throughout the year. Also calculate the
Minimum catchment area required when the coefficient of runoff is 0.7,

‘Soblutior;: Storage volume required - V = 0.365 f qgN
= 04; q=101pcd; N =38; C=07;1=25m

V=0365x04x10x8 =11.68 m’
A=0365qNfCI)

A=0365x10x 8/(07x25) = 29.2/1.75 = 16.69 m?

Solution: Available rainwater, Q = CJ A
C=080; /=25mly; A=20m’ f=04
Available rainwater = 20 x 2.5 x 0.8 = 40 o’
Storage volume- required = 40 x 0.4 = 16 m*

Available rainwater per capita per day = 40 X 1000/( 6 x 365 )
= 18.26 Ipcd.

_ % _crj c.’ ’!g/rn

7P

408D _51,},'{,._,47< Avngdx Bae 7§

Yy ll
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CHAPTER 21 : LOW-COST WATER SUPPLY TECHNOLOGIES 439

Questions

What are the present practices of water supply in the rural areas of Bangladesh? Name

- the suitable alternative low-cost technological options for water supply in Bangladesh.

9. Describe the construction procedure of dug wells. How can you protect dug well water
from contamination?

3. Why is the No.6 handpumb tubewell the most popular in Bangladesh? Draw the
sectional elevation of a No.6 handpump and label the different components of the

pump.

4, Why is the Tara handpump tubewell developed and being promoted in Bangladesh?
Compare the Tara and Mark-II handpump tubewells with necessary sketches.

5. What are the reasons for local developrﬁent of Bangla and Moon handpumps? Draw a
neat sketch of a Bangla handpump tubewell.

v\.@ Design a strainer for a 30 mm diameter tubewell to be operated by a No.6 handpump at
the rate of 25 Ipm. A slot No. 12 strainer having 50% open area is to be used. The

entrance velocity should not exceed 0.015 m/sec. 22;‘%&9 ) £ 9 _f ™M

ﬂ Describe a household filter for the treatment of surface water. Mention the lmportant
charactenstncs of a household filter.

‘ . - . . -
@? Describe the working principles of a pond sand filter with a neat sketch. What are
problems encountered in the operation and maintenance of pond sand filters?

9. What is the potential for rainwater harvesting in Bangladesh? What are the advantages
and disadvantages of rainwater harvesting in Bangladesh?

\,@‘ e average rainfall intensity and distribution in Bangladesh in 1999 shows that the
‘total rainwater ayvailable in that t year is s 2200 mm excluding the losses, and a storage
volume of 30% of the available rainfall is required for a year-round supply. What Me
minimum storage and catc ge and catchment area required for drinking and cookmg at the rate of 10

Ipc or a family of 8persons? V=[] & m3 = /g,’Z?‘W\V‘

- 11. Compare the costs, advanlages and disadvantages of a No.6 handpump, Tara handpump,
"and manually operated deep tubewell.

l2. Draw a clear dlagram of a very shallow shrouded tubewell. Dnscuss the usE_flfllness of
SST and VSST under conditions in the coastal areas of Bangladesh:

L — SRR S e |
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Sedimentation and Flotation

Problem 1:

Find the settling velocity of spherical discrete particles
0.05 mm in diameter, given that their specific gravity is
2.6 settling in water at a temperature of 20° C.

Solution: _
g(s—1)d-
Stoke’s law states that; V' =
18y
Where:

v = Settling velocity, m/s.

g = Gravitational acceleration, m/s?.

d = Diameter of spherical particle, m.
S(s.g.)= Specific gravity .

y = Kinematic viscosity, m?/s



Sedimentation and Flotation

Given in the problem:
d = 0.05 mm = 5x10> m,

s.g. = 2.6, and from tables of viscosity of water at 20° C,
the kinematic viscosity is 1.003x10-6 m?/s.

Substituting in the above equation, then:

V =9.81(2.6-1)( 5%10°)? /18%1.003%10°

= 2.7 x103m/s

Stoke’s law is valid for laminar flow, then Reynolds

number iIs less than 0.5. Therefore, Re should be
checked:

Re = v.D/y = 2.17x10-3x5x10/1.003x10° = 0.118 (less
than 0.5, OK.).



Sedimentation and Flotation

Problem 2:

A sample from a river was analyzed for suspended solids. The
analysis revealed that it contains 160 g/m?® suspended solids.
The sanitary engineer responsible suggested clarifying this
water by the sedimentation process. When the clarification rate
was determined experimentally, the cumulative frequency
distribution for the settling velocities of these particles showed a
straight line relationship:

10 % of the particles have a settling velocity greater than 1.5
m/hr.

10 % of the particles have a settling velocity less than 0.5 m/hr.

The amount of water to be purified is 1500 m3/hour. Thus, the
sanitary engineer proposed designing a sedimentation basin of
length 50 m, width 25 m and depth of 3 m. assuming that this
tank will work as an ideal sedimentation basin, find the
suspended solids content of the effluent water.



Sedimentation and Flotation

Solution:

From the data given above, plot the cumulative frequency
distribution curve for the settling velocities of these
particles as shown in figure below:

100
90 /
80
]

X /
60

50
40

30 /
20 /

0 7

0

% Particles with velocuty less than stated

0 0.5 1 vV, 1.5 2
y = 80x - 30 Settling Velocity (m/hr)



Sedimentation and Flotation

The overall removal X; is given by:
1 X0
X, = 100 = x, + — ‘[1‘?‘.@71'
Vo 0

Where:
X+ = overall removal
v, = design settling velocity

X, = removal corresponding to v..



Sedimentation and Flotation

Given that the discharge Q =1500 m3/hour and
since settling velocity v, = discharge/area = Q/A and
A = width (W) x length (L),

Then, v, = Q/WL = 1500/(25x50) = 1.2 m/hour

From figure for v, = 1.2 m/hr, then X, = 66%
Therefore, the overall removal:
X; =100 - X, + removal

=100 — 66 +(1/2)(0.37 + 1.2)x66/1.2 = 77%

Given that the suspended solids concentration
entering the basin C. = 160 g¢g/m3, then the
concentration of suspended solids in the effluent C,
could be found as:

C,=(1-X;)C = (1 - 0.77)x160 = 36.8 g/m?



Sedimentation and Flotation

Problem 3: Settling column tests performed on discrete particle
suspension gave the following tabulated results:

Sampling depth (cm) | Sampling time (min) | % Suspended solids remaining in sample

60 60
100 180 43
360 29
60 63
200 180 55
480 36
60 65
300 120 63
360 50

By using this data plot the cumulative batch settlement curve and
calculate the total removal for a horizontal settlement basin with surface
area of 100 m? when incoming flow rate is 4.8 m3/min. Calculate also the
removal to be expected for a similar basin when the flow is 0.02 m?/sec.



Sedimentation and Flotation

Solution:

From the given data the settling velocities could be found
for each depth and sampling time knowing that:

Settling velocity = sampling depth/sampling time

Sampling | Sampling time (sec) | Settling velocity % Suspended solids
depth (m) (m/s x 10%) remaining in sample

3600 2.78
I 10800 0.93 43
21600 0.46 29
3600 5.56 63
2 10800 1.85 55
28800 0.69 36
3600 8.33 65
3 7200 4.17 63

21600 1.39 50



Sedimentation and Flotation

~ Using this data achieved above, the cumulative batch
~ settlement curve could be plotted as shown in fiqure.
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Sedimentation and Flotation

For a flow of 4.8 m3/min, the settling velocity
V,; = Q/A=4.8/(60 x 100) = 8x10* m/s

From the graph for a settling velocity of
8x10“+ m/s

X, = 66 %

To find the total removal X, the integral v.dx
should be found. This could be done as

follows:



Sedimentation and Flotation

10 - 20
20 - 30
30 — 40
40 - 50
50 - 60
60 — 66

10
10
10
10
10
6
2 v.dx

005
0.15
0.35
0.65
.05
.75
4

|.5
3.5
6.5
10.5
17.5
24
64



Sedimentation and Flotation
1 X0

X, =100~ xp+— fv,.dx
Vo D‘

Thus, X7 = 100 — 66 + 64x104/8 x10* =42 %

Using a similar technique for water flow of 0.02
m3/sec, total removal could be found to be
approximately 60%.



Filtration

Problem 4.

Making use of the equations developed by Rose
and Carman-Kozeny compute the head loss through
a 0.8 m sand bed. Assume that the bed consists of
uni-sized, spherical sand particles having a diameter
of 0.5 mm, the kinematic viscosity is equal to
1.003x10° m?/s and the bed porosity is 40 percent
while the rate of filtration is 250 I/m2.min.

Solution:

Rose equation states that:

.
L
1

L
D 4 od
p* &Y

n =1.067C



Filtration

Where,

h = Head loss in bed, m.

v = kinematic viscosity = 1.003x10° m?/s

v= Face velocity, m/s.

d = diameter of the particle, m. = 0.5 mm (0.5x103 m)
g = Gravitational acceleration, m/s?. = 9.81 m/s?

¢ = Particle shape factor, dimensionless = (surface
area of equivalent volume of sphere/actual surface
area) =1

p = bed porosity, dimensionless (= volume of
voids/total volume) = 0.4

L = bed depth, m. =0.8 m

Rate of filtration = 250 I/m2.min. = 4.17x10-3 m3/mZ.sec



Filtration

Cp = Newton's drag coefficient.

Cp=at+-—3 4034

R'E y‘IRE‘
v d
Re=—
¥
Vil A 1T 4 —3. . —3
Re — =4.1J.1 10 x0.5x10 —2.079
v 1.003x10~©
24 3 24 3
=<3, +0.34= + +0.34=13.96
€D~ Re JRe 2.079  J2.079
-.Head loss,
9 ' \2
v . (4.1?x1{]—5
B =1.067C . 2 — L[ =1.067x13.96x '  x0.8=1.65m

D Pﬂr gdd 0.5% 9.81x0.5x10 3 x1



Filtration

Using Carman-Kozeny equation the head loss is
given by:

2
1—}?1‘1

3
p3 g

n=E L

Where:

1501 - p)
E= Re
Therefore,

+1.75

50(1- 0.
P) .y 75 1500104

+1.75=45.04
Re 2.079

-

- - —'-":-
1—p ¥ B (4.1:1‘1(] ‘)
n=—E—Lf _ 1-15041=04 x0.8=1.2m

PS bdg El.45 lx{].ﬂ,rlﬂ_jxﬂ.Sl




Filtration

Problem 5:

Determine the clear water head loss in a filter bed
that consists of two layers of filter media; a uniform
anthracite layer of depth of 0.6 m with an average
particle size of 1.6 mm and a specific gravity of 1.5;
the other layer is composed of uniform sand 40 cm
deep with an average particle size of 0.6 mm and a
specific gravity of 2; for a rate of filtration of 150
L/m?/min. The operating temperature was found to
be 15° C and the porosity is 0.35. Use Rose
equation for evaluating the clear water head loss.
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