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O&M Handbook for Water Supply Services

The series of five handbooks on operation and maintenance forms part of

a programme to build the operational and technical capacity of Northern
Cape municipalities, to improve and extend service delivery and maintain
infrastructure and other assets. This handbook is intended as a practical,
hands-on guide for technical staff, trainees and others involved in the areas of
water supply services.

The ultimate purpose of the programme and handbooks is to build municipal
capacity to improve and extend service delivery, particularly to communities
whose basic needs have not yet been adequately met, as an essential
contribution to creating a better life for all.

This 0&M Handbook for Water Supply Services consists of 14 separate
booklets including an introductory booklet. Though each booklet is part of the
whole handbook, it can be used on its own.
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Introduction to Ways of
Pumping Water

pump is a machine or mechanical

device that draws a fluid into itself

through an inlet port and forces

the fluid out through a discharge
port by means of a roto-dynamic or recipro-
cating movement.

A pump may serve to move liquid, as in a
cross-country pipeline, to lift liquid, as from a
well or to the top of a tall building, or to put
fluid under pressure, as in hydraulic systems.
These applications depend predominantly on
the discharge characteristics of a pump. A
pump may also serve to empty a container, as
in a vacuum pump or a sump pump, in which
case the application depends primarily on its
intake characteristics.

As the terrain where water supply systems

‘are installed is often undulating, we need

pumps and pump stations to lift water uphill
in some places to reach the whole community.
A pump is a mechanical wonder that enables
us to make water flow uphill.

Ancient inventions

The earliest evidence of pump-like devices
is in a Babylonian text from 700 BC. These
devices were powered by humans or animals,
and lifted water rather than actually pumping
it. Similar devices were used in ancient Egypt,
featuring a pair of gear-wheels. A version of
this kind of device was used in Roman times,
with pots fixed to the chain, which, as they

passed over the top pulley, tipped the water
out. This was known as a chain pump and the
Chinese had several versions of this basic type.
Chain pumps were also used in European
mines and dockyards during the Renaissance
(1400-1600). Pumps were commonly used on
ships to pump water out of the bilges, and in
the nineteenth century for low-lift irrigation
purposes.

Examples of Chinese Chain Pumps
llustration Internet




A double-action pump
The illustration shows

a bronze double-action
pump, from the Roman
Empire in 200 AD. The
pump has two pistons
(a) that are lifted up and
pushed down in the two
cylinders (c) by a handle
(b). There are non-return
valves (d) at the bottom
of the cylinder into which
water is sucked when the
piston is lifted. When the
piston is pushed down,
water is pushed into the
connecting pipe (e) and

via another non-return
valve (f) out into the
middle pipe (g).

‘Vatten’ by Staffan Michelson

Rolput 5

MNustration from

Water lifting methods and hand
pumps

The simplest way of lifting water before pumps
were invented, was to lower a bucket at the
end of a rope into the shallow well. The next
development was the rolput, as it is known in
Afrikaans. This consisted of a wooden roller
on wooden or iron legs, which stood over the
mouth of the well. The rope with the bucket
was attached to the roller, which was turned
by a cranked handle at one or both ends by
one or two persons.
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Another early water lifting device was the
wipput, which consisted of a long pole pivoted
near the centre in the fork of an upright post.
The bucket hung on a rope from the end of
the pole over the well, and a counterbalancing
stone was attached to the other end.

Wipput

To provide a more continuous water supply in
the olden days, a favourite machine was the
animal driven bakkiespomp, the bucket pump.
The concept originated in India and this
‘pump’ came to South Africa (via England)
in the late 1880s. Iron buckets were attached
to two parallel drive chains running on large
wheels mounted over the well. The buckets
filled with water when they dipped into the
well (again wells had to be shallow) and when
they reached the top of the wheel they emptied
the water into a basin from which the water
poured into a small channel. One of the wheel
shafts had a horizontal cog driven by a pinion
on a vertical shaft. A pole was attached to the
top end of this shaft, and a donkey or mule
yoked to the pole drove the pump by walking
around it. A bucket pump harnessed to a don-
key statue can be seen at the Kalahari Museum
in Upington (see photo below).
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Hand pumps are used in rural communities
around the world, but have limited capacity, as
they depend on human energy to drive them.
Where the water is very deep, a human being
cannot supply sufficient power to drive the
pump. Hand pumps are thus restricted to shal-
low boreholes (50m or less in depth), unless
they are equipped with a reduction gearbox
which multiplies the power delivered to the
pump for the same energy input.

Diagram of a
India Mark 2
Hand Pump

ustration: DWAF
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In Keimoes and Kakamas there are examples
of another old water lifting device, the water
wheel. The water wheel concept has been used
on the Nile for some four thousand years. It
was introduced in Northern Cape in the early
years of the 19th century. Water wheels use the
flow of water to lift some of it into an irrigation
channel. Four water wheels in Kakamas are
national monuments.

Water wheel

courtesy Mark Melman, Roundabout Outdoor (Pty) Ltd

www.playpumps.org

Wind energy

Wind and sun energy are mainly used to
power pumps on borehole installations. The
agricultural industry is particularly reliant
on groundwater, with water traditionally
pumped from boreholes by wind pumps. You
don’t need to drive far in South Africa to
encounter a ‘windmill, or windpomp as it is
known in Afrikaans.

There is a unique open air museum dis-
playing wind pumps and other interesting
old pumps and water lifting devices in the
town of Loeriesfontein near Carnarvon in the
Northern Cape, one of only two such muse-
ums in the world. (The other is in the USA).
There are 28 different types of wind pumps
at the museum, some of them dating back a
hundred years!

The water lifting devices presented so far
can only lift water from open water or shal-
low wells. The arrival of the wind driven
piston pump had a great impact on farming
and providing potable water to dwellings and
towns in the Northern Cape, as it could pump
water from deep boreholes, where the water
is also less likely to be contaminated. Some




Wind pumps come in
different types and
sizes.

Top photo unknown

wind pumps went down as much as 60-100
metres, and in rare cases as much as 150m, a
far cry from the original shallow wells of two
to three meters depth.

Wind pumps usually have either a plung-
er-type positive displacement pump or a
rotating progressive cavity, positive displace-
ment-type pump. In the case of a plunger-
type pump, the rotational energy of the wind
vanes is converted to a reciprocal (up and
down) motion by turning a crank in the head
of the wind pump. When a rotating progres-
sive cavity-type pump is used, the rotational
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energy of the wind vane’s horizontal shaft is
converted by means of a 90° gearbox which
drives a vertical shaft to power the progres-
sive cavity pumping element. The gearbox
can also increase or decrease the revolutions,
depending on the application requirement.

The discharge rate of a wind pump de-
pends on wind speed, as well as the pumping
head (the vertical distance which the water
must be lifted), and also the friction loss of
the pipes through which the water is con-
veyed. However, their reliability is low as they
only operate when there is sufficient wind - at
least 2,5-3m/s or more, for at least 60% of
the time is necessary for a wind pump to be
considered. Even if 60% operational time is
possible, the standard of service is low, unless
several days of storage is provided.

Though wind pumps also have the dis-
advantage of a high capital cost, they require
very little maintenance apart from regular
greasing of the bearings and gearbox. They
also require a functional furling, braking
and reefing mechanism to protect the pump-
ing mechanism from serious damage during
strong, gusty winds. Given these limitations,
they are not often suitable for supplying water
to communities, though many municipalities
use them to provide water on commonage for
livestock watering and small-scale irrigation
schemes. However, wind pumps are very en-
vironmental friendly as they do not use any
fossil fuels. Their energy input is local and
free!

Wind loading on mast
structures

The wind flow around buildings
and structures is a complex
phenomenon. Small changes

in shape, surface irregularities,
and vertical and horizontal
changes in wind velocity all have
significant effects on the wind
flow around a structure. The
loads imposed on a structure by
the force of the wind are thus
dynamic, and can vary within
relatively short periods of time.
For simple structures and low
buildings, the effects of wind

loading are compensated for by
designing for the worst possible
wind gust (which has a low
probability of occurring), and
considering this load as if it were
a static load.

On tall, slender structures
such as masts and high-rise
buildings, this method cannot
be applied. Such structures
require scale model studies in
a wind tunnel, where winds of
various speeds can be simulated
and measured under controlled
conditions, and the effects on the
structure can be measured and

analysed using finite element
analysis methods. Winds can
create both surface pressures
and vacuums, depending on the
shape of the structure and the
direction of wind over it.

The design of mast structures
is a complex task and specialist
structural engineers should be
employed when such structures
are planned, to ensure that the
effects of wind loading have
been taken into account in the
design, to ensure a safe and
reliable structure.
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We should go back to
wind pumps

— a story from Emthanjeni Municipality

There is a famous riddle in Northern Cape:
Wherever you go, you see them; whenever
you see them, they go!

his somewhat
over-exag-
gerates the
reliability of
wind pumps,
but Chris
Hendricks is a great fan.

— For actual service
rendered, wind pumps are
remarkably cost-effective, he
says.

— Once you have installed
them correctly, the mainte-
nance and upkeep is minimal
for many years. If we could
only go back to wind pumps
for the town water supply; it
would save us a lot of prob-
lems, jokes Chris.

Chris is the Water Supply
Services Supervisor at
Emthanjeni Municipality,
based in De Aar. The techni-
cal department maintains
more than 20 wind pumps
on municipal commonage,
which supply water to small
farms for livestock watering
and irrigation.

Scheduled preventative
maintenance

— We have Climax, Southern
Cross and Aermotors pumps.

The oldest is more than 50
years old, says Chris.

— Our preventative
maintenance programme
includes two visits per year
to each of the pumps. We
check the tower and its
foundation, and the pump
rods. Sometimes we replace
a worn piston or rusty pipes.
We check the wheel and its
blades, and the tail. In the
gearbox casing we check that
the gears are not worn and
are propetly in place, and we
change the bushes and top
up the oil if necessary. Every
two to three years we change
the oil. Occasionally we have
to re-drill a borehole that has
caved in, or repair a wind
pump that has been toppled
by a strong wind. We still
have no problems getting
spare parts.

— One very important
thing is that the brake is
pulled when the wind is too
strong, to prevent damage
to the pump. We have agree-
ments with the local farmers
to do this, and to look after
their ‘own’ pumps, concludes
Chris.

Chris Hendricks at one of the
wind pumps that his team
maintains.




Maintaining a wind
pump - one staff
member secures the
brake, while the other
climbs up to check
the gearbox.

South African ingenuity
The earliest wind pump
described or illustrated in
South Africa is from around
mid 1800 in Saldanha Bay.
The earliest imported wind
pump that we know of was
one in Hopetown. It was
made of wood and imported
from US.A. in 1874.

Several South African
companies were agents for
wind pump manufactur-
ers in the USA, UK and
Australia. During the
Second World War import-
ing was impossible and
some South African firms
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began to manufacture the
same wind pumps under
license. Most wind pumps
were geared and self-lubri-
cating, and only required an
oil change every one or two
years.

Over the years, many
South African engineers
and others invented and
produced a variety of wind
pumps. Names such as
Nimric, Buffalo, Gearing,
Springbok and others on
the tails of old wind pumps
remind us of these early
pioneers. A.L. Schoombee
was a South African in-

ventor who presented a
model of a wind-driven
rotor mono-pump in 1980.
It was later manufactured by
Midkaap Ingenieurswerke in
Middleburg, and marked as
the M&S Rotor Windpomp.
But the best-known wind
pump, found all over the
country, is the Climax,
manufactured in Vereeniging
by Stewart and Lloyds.
Another well-known make is
the Southern Cross, manu-
factured by Southern Cross
Industries in Bloemfontein.
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Solar powered pumps

Solar powered pumps have of late become a
feasible option, using photovoltaic solar panels
to generate electricity, sometimes with battery
backup. They are ideally suited to remote in-
stallations in provinces with an abundance of
sunshine, like the Northern Cape. South Africa
has very high solar radiation levels. Solar pow-
ered pumps produce a regular supply of water,
but depending on the type of pump used, are
limited at this stage to heads and quantities of
water similar to those of hand and wind pumps,
which they can therefore replace. The initial
costs of solar pump installations are high, but
overall pumping costs are very economical in
the long run. '

When compared to diesel-driven pumps, a

lifecycle cost analysis over 20 years shows that

diesel pumps are roughly four times more ex-
pensive, assuming the following

o 'The initial capital investment for a so-
lar installation is about twice that for a
diesel installation with similar pumping
capacity.

« Whenreplacementofequipment is consid-
ered, the lifecycle of a diesel-driven pump
in such an application is 5 years, while a
similar sized solar powered pump has a
lifecycle of 7 years. When this is taken into
consideration, the cost of a diesel pump
already exceeds that of a solar pump.

« The maintenance cost of a diesel pump
is twice that of a solar pump. When total
lifecycle costs are compared at this point,
the diesel pump is already double the cost
of a solar pump.

o The operational costs of a diesel pump are
roughly ten times higher than the opera-
tional costs of running a solar pump.

o Opver a 20 year period, a solar pump will
cost on average around R130000, while
the all inclusive cost for a similar sized
diesel pump will be about R 740 ooo.

o When the Unit Water Cost for these pump

is calculated (for a pump delivering 8 m?/
day at a total head of 120 m), the cost for a
solar pump is in the order of R5/m?, while
the cost for a diesel pump is in the region
of R18/m*

It is thus clear that solar powered pumps are
between 70 % and 90 % cheaper to own, main-
tain and operate over a 20 year lifecycle.

Photovoltaic solar panels convert solar en-
ergy into direct current (DC) electricity, which
is regulated by a controller to an electrical out-
put suitable for a DC pump motor. DC pro-
duced by a solar panel can also be converted
to alternating current (AC) by means of a sine
wave inverter to power an AC pump motor.

Although DC can be converted to AC, this
is not advisable. In the first place, DC motors
are up to 100% more efficient than AC current
motors of similar size. This is largely due to the
fact that DC motors have permanent magnets
and do not use a portion of the electrical en-
ergy to induce the magnetic force required for
rotation. With double the efficiency, you only
need half the power for the same performance.
Brushless DC motors are recommended for
solar applications, as they are highly efficient,
very reliable, and have low maintenance
requirements.

A solar powered
pump installation
Diagram: DWAF
Photo: Africon
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Solar systems can be used to power both sub-
mersible pumps and centrifugal pumps for
surface water applications.

Water is generally pumped into a reservoir
and reticulated to households or community
standpipes. The figure below illustrates the
operating principles.
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Engine-driven pumps

When a reliable source of water is needed it
is not possible to rely on wind power, as there
are very few places with constant all-year-round
wind. Where there is no electricity supply
available, diesel engines are often used to drive
pumps, including in several rural water schemes
not yet connected to the Eskom

TRy T e

 Shortwave Radiation:

distribution network.

Petrol and diesel engines
can be used, but diesel is more
popular due to better fuel ef-
ficiency. However, petrol and
diesel engines require much
more maintenance and have
higher energy input (fuel costs)
than electric motors.

Diesel engines should be
considered as the last option,
as they are not nearly as ef-
ficient as electrical motors.
They demand a constant sup-
ply of fuel and regular main-
tenance. Where diesel motors
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are operated 24 hours a day,
they often need a complete
overhaul at least twice a year.
Depending on the size and

A Northern Cape is ideally situated for the use of

solar power.
Map courtesy Escom

In Vanwyksvlei, some municipal production boreholes
are equipped with submersible pumps, powered by a
combination of solar and wind energy.

type of engine, this can be an
expensive exercise.

A diesel engine driven pump. Note the compulsory
safety cage over the moving V-belts between the engine
and the pump.

Diesel engines are preferred for these applica-
tions as they produce large amounts of torque
at fairly low engine revolutions and are much
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more fuel efficient than petrol engines. In ad-
dition, diesel engines are suited to long hours
of continuous running at constant speed,
without ill effects. However, clean air and fuel
filters and regular oil changes are critical for
diesel engines. When run continuously, oil
change intervals should not exceed 500 hours.
When compared to electrical power on a kW
to kW basis, the energy provided by diesel
engines is four times more expensive than the
equivalent electric energy. For this reason,
pump stations are usually converted to elec-
trical power when it becomes available.

Electrical motor driven pumps

If electricity is available near a pump station it
is most economical to use it, as electric motors
require much less maintenance than engines.
Electrical motors must be correctly sized by
the design engineer responsible for the in-
stallation. It is important to know that any
changes to the pump impellor or rising main
pipeline can increase the power required by a
pump, and thus overload the existing motor.

In the Northern Cape Province, roughly 40 % of the population or 465 000
people living in 231 towns and settlements depend on groundwater

pumped from boreholes. Most borehole pumps are driven by an electric -
motor, powered by the national grid.

There are actually three boreholes in the photo taken outside Hannover.
The newly installed borehole is properly fenced, and has a submersible

pump, controlled by a telemetry unit in the motor control centre (the white

cabinet). Behind this modem borehole installation is an older borehole
in a corrugated iron pump house. A much older borehole is powered by

a wind-driven pump. Remember that each borehole installation must be
regularly inspected by a senior operator or foreman, including the modern

one controlled by the telemetry system.
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Drives, Motors and Starters

n order to pump water from point A to

point B we need energy to drive a pump,

either from a motor, which may be a

diesel engine or electric motor, or from
some other direct source, such as the wind in
the case of a wind pump.

Electric motors

These days almost all pumps are driven by elec-
tric motors, as these are most energy- and cost-
efficient in terms of running cost and mainte-
nance. Electricity in SA is generally supplied as
three-phase alternating current at a voltage of
230/380volts and a frequency of sohertz. There
are three main types of electric motors

o Squirrel cage induction motors

« Asynchronous slip-ring motors

« Synchronous motors.

Synchronous motors are very costly but most
efficient, having a power factor of 1,0, whilst
other types of motors generally have a power
factor of 0,8 to 0,9.

The size of a pump depends on how much
water needs to be pumped, how high it must
be lifted and how far it must be moved. This
in turn determines the size of the electric
motor.

Power output in kW | The average car delivers 75 kW
of power

Motor speed or
revolutions per
minute (rpm)

Most motor car engines have
ared line at 6000 revolutions
per minute, while most motors
that drive pumps run at 1450
or 2900 revolutions per minute

Potential difference | A household hair dryer uses

in Volts 220V, while most pumps are
driven by electrical motors that
run on 380V (3 Phase)

Pump motor specifications comparison

Power required by the pump

The power requirement is calculated as fol-
lows, and is important as it will influence the
municipality’s monthly electricity bill.

p_P9QH
n

P = Pump shaft Power

= Density of pumped fluid=1000kg/m?
(water)

= Gravitational Constant (m/s?)

Plump Flow (m/s)

Total Head (m)

= Pump efficiency (supplied by
manufacturer)

©
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Example A

If you need to pump water at a flow of
80¢/s to a higher reservoir 26m high
(head) and pump efficiency is 75 %, what
would the power required be?

p P oQH
n
p 1000kg/m?® x 9,81 m/s? x0,080m*/s x 25 m

0,75

P =26160Watt
P=26kW

Note that all units include metres.

Understanding a motor

specification plate ;

The photo below shows a typical specification plate on an
electric motor. It is good O&M practice to always keep the
plate clean. The information on the plate is vital for planning
of O&M, and must therefore also be kept in the technical
department office, as part of the asset register. This is what
the specifications mean

KW-110
r/min-1462

VOLTS-380

AMPS -205
Hz-50

CONN
Duty Class S1

Insulation F

BRG DE
BRG NDE
GREASE

FRAME

the rated power the motor can provide
rotational speed of the motor in revolutions per
minute

indicates a three phase motor which requires
380V to operate

the maximum full load current of the motor
the frequency of the alternating current
required to operate the motor

indicates whether the motor is connected in
Star or Delta configuration

indicates if the motor is suitable for continuous
use

insulation class which relates to a maximum
operating temperature where the insulation
on the motor windings will not fail. Class F
indicates a temperature of 155°C.

the size of the drive-end bearing

the size of the non-drive-end bearing
specification of grease type required for
lubrication

the frame size - there are several standard
sizes available for each motor size

ENCLOSURE 1P22

the degree of protection from dust and water
ingress and impact
MOUNTING indicates if the motor is
pedestal mounted, flange
mounted, etc

COOLING indicates whether the
motor is cooled by
natural convection, forced
convection or other methods
of cooling.

ROTOR AMPS current on the rotor

ROTOR VOLTS rotor voltage

BRUSHES  number of brushes on the

H

motor i



|

Total electrical power required

P
Pr=—q— (W)

m

Total Power required

Pump Shaft Power

» = Motor Efficiency (supplied by manu-
facturer) for example 90 %

Example B

b 26 kW
T 0,90
P.= 28,88 kW

T

Because electrical motors are not supplied
in 28 kW size, we will have to install a
30 kW motor.

Energy cost and the electricity bill

Energy =P, xt (kWh)

P, = Total Power Required
t = Time in hours
Nightsave (Urban) and Nightsave (Rural)
240
) Weekdays 2
< l‘Saturday
o B Peak
. Sunday | |
| A 3 Off-peak
P4 D s
Weekdays 2.
. Saturday
et [l Peak
. Sunday g [1 Standard
y " Off-peak
" " 10,4
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To link the formula to the electricity bill, mul-
tiply with the actual Eskom rate in rands and
cents. Eskom has several initiatives to save
large energy consumers such as municipali-
ties money by offering a reduced electricity
rate, if they consume electricity outside of
peak periods. Programmes like ‘Ruraflex’ fer
a reduction in energy cost if the municipality
pumps outside of peak demand hours. For
municipalities this is often not practical as
the pumping hours are usually determined by
the demand. If a municipality has sufficient
storage to meet demand peaks, it may be pos-
sible to use this programme and to reduce the
electricity bill.

Power factor correction

Power factor is the ratio of actual power (active
power) being used in a circuit, expressed in
watts or kilowatts (kW), to the apparent power
being drawn from the mains supply, expressed
in volt-ampere or kilo volt-ampere (KVA).

All motors depend on magnetism in order
to operate. Magnetism is a force and in the
physical sense is not consumed. In alternating
current motors magnetic forces are required
periodically. As a permanent magnet can-
not be used, magnetism is produced induc-
tively, but the electrical current needed for
this is not fully used. Having produced the
magnetic force, the current flows back into
the supply. system, and is known as reactive
current. Although this reactive current is not
used, it imposes a load on the electrical sup-
ply. For example, the actual load imposed by a
1000 kW motor is calculated as follows

1000 kW + 0,8 (power factor) =1250 KVA

which is the consumption the owner of the
motor will have to pay to the electricity
supplier.

It is possible to reduce this considerably
by means of power factor correction. This is
done by connecting a suitable capacitor to the
inductive load such as a motor. Installation
of this equipment can lead to a power saving
of up to 20 %.

Pump starters

A pump starter is what gets the pump and mo-
tor going. This requires more than the normal
operating energy until the pump is running at
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its required speed or revolutions per minute

(rpm). This extra energy needed is called the

starting current. The three most commonly

used electric starters for pumps are the Direct

on-line starter, the Star Delta Starter and the

Soft Starter. As a rule of thumb, the starting

current needed by each type of starter is as

follows

o Direct on-line (the cheapest starting
equipment) — roughly 6 xoperating
current

o Star Delta Starter (intermediate cost
starting equipment) — roughly 3,5 x oper-
ating current

o Soft Starter (the most expensive equip-
ment) — 2,5 xoperating current.

Motors in the water industry generally (but
not always) use the direct starting method,
(Direct on-line or Star-Delta). This involves
different methods of wiring the electric motor
to the supply. However, the important issue
is the start-up current. When wired directly,
the start-up current of an electric motor in-
creases from 5 to 10 times its normal running
current. As electricity users pay for maximum
demand, they will pay a high rate every time a
motor starts up.

To minimize this, a motor can be con-
nected in a star-delta configuration which is a
two-stage starting process. Initially the motor
starts in star-mode, where start-up current
is reduced by a factor of approximately 1,73,
and when the motor has reached its operating
speed, it switches to delta-mode, where full
motor torque is available. Star-delta is used
only on larger motors (greater than 5,5kW)
and only if they do not need to start on full
load conditions. The switchover from star to
delta is controlled with a variable time switch
which should be adjusted according to the
load conditions of the motor.

The biggest factor when selecting a starter
type is the available energy or current in the
electricity network. For this reason most small
installations start with Direct on-line starters.
Once an installation becomes too big it can
draw down the voltage of the electricity sup-
ply during start-up, and for this reason Star
Delta and Soft Starters are installed. Medium
sized pump installations use the Star Delta
Starter while larger, more expensive installa-
tions use a Soft Starter.

A motor control centre with an integrated soft
starter (cover of the panel removed for the
photo).

Soft starters protect the installation
In most pumping installations there is me-
chanical equipment such as non-return
valves, which prevent the fluid in the rising
pipeline from flowing back through the pump
when it is not operating. When a pump starts
up by conventional starting methods, it im-
mediately has a full load, and this causes the
non-return valve to open very rapidly. The
same happens when the pump is switched off
and the valve closes almost instantaneously.
This fast opening and closing is often accom-
panied by a loud bang as the valve slams open
or closed, and it reduces the lifespan of the
valve considerably. In addition to this, water
hammer also occurs when sudden changes of
velocity take place, as happens when a pump
starts or stops.

The only way to prevent the risk of water
hammer damage is to start and stop pumps
gradually, and this is done by using a soft
starter. Soft starters use electronic control cir-
cuits to build up the starting voltage gradually.
Initially the voltage builds up fairly quickly to
overcome friction, causing the motor to start
turning, after which the voltage increases lin-
early until the full voltage is reached. When
power is shut off, the soft starter has a ramp-
down feature which gradually reduces the
voltage across the motor terminals until the
motor stops.



These starters can be programmed onsite to
generate ramp-up and ramp-down intervals
that best suit the load, which may be a pump,
conveyor belt, etc. Soft starters are extremely
reliable, operate silently and have no me-
chanical contactors or holding coils to worry
about. Soft starters were initially quite costly
but have become more affordable over time.
They are the ideal solution for most pump-
ing applications. Their one limitation is that
they can only be maintained by highly skilled
personnel. If a soft starter fails, the complete
unit must be replaced, as the electronics that
control the voltage cannot be repaired onsite.

Soft starters also offer the best protection
to the pumping installation as most have vari-
ous built-in safety features to protect the mo-
tor against electrical surges, phase-drops and
under and over current anomalies.
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QT—36,
g
\wg

1 440 meters per second!
Water hammer (or, more generally, fluid
hammer) is a pressure surge or wave
caused by the kinetic energy of a fluid
in motion when it is caused to stop or
change direction suddenly. Kinetic energy
is the force of the movement of the liquid
mass in a pipe, and is proportional to the
mass of liquid times the square of the
velocity. Water hammer is due to sudden
increase in the pressure of a liquid,
due to an instantaneous conversion of
momentum to pressure. This is caused
by a very rapidly moving pressure wave
in a closed conduit, usually resulting
from a sudden stoppage or change in the
mass velocity. Typically, in a hard walled
pipe the pressure wave of water hammer
travels to reflection point and back at a

* velocity in the order of 1440 metres per
second.
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Units of measurement in Newtonian
Physics

Surprisingly, all calculations for civil
engineering are done by applying our well-
known number system (algebra) to units of
measurement derived from only three basic
physical entities: mass, length and time.

kg, tonne hs
MASS Kbl TIME
DISTANCE
kim/h, m/s
VELOCITY

m/s?
ACCELERATION

kN, Newton
FOIIIRCE
I ]

N.m, Joule N.m/s, Watt
ENERGY POWER

Newton measurements diagram

The units of measurement for these three
entities in the metric (SI) system are as
follows

e mass is measured in kilograms (kg)
or tons. The mass of a litre of water is
exactly 1kg.

* length (distance) is measured in
metres (m) or kilometres (km).

* time is measured in seconds (s) or
hours (h). The pulse rate of an adult at
rest is about one beat per second
(60 beats per minute).

The derived units of measurement are the

following

* speed or velocity is obtained when
length is combined with time, and
the resultant unit of measurement is
metres per second (m/s) or km per
hour (km/h)

* acceleration is obtained when speed
is again combined with time, giving
the unit of measurement of metres
per second per second (increase or
decrease in speed per second) (m/s?).

Now the plot thickens, and this is where, a

little more than 300years ago, the genius

of Isaac Newton came in

» force is the product of mass and
acceleration (kg.m/s?) which is called
Newton (N)

Continued on the next page
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Another brainwave of Sir Isaac Newton
was that the gravitational effect of

the earth can be expressed as an
acceleration, i.e. in m/s2 It has been
established by measurement that the
gravitational effect on the surface of

our planet is 9,81 m/s2 In simple terms

it means that if an object is dropped, it
will, after one second, travel at a speed

of 9,8m/s (about 35km/h). One could
easily test this by dropping a dense object
from a height of 4,9 m , which should then
reach the bottom in exactly one second.
(The average speed of travel starting from
zero is half the final speed of 9,81 m/s).

More playing around with the three basic

entities yields the following

» energy is the product of force times
distance (length): m-kg-m/s? or
kg-m?2/s?, which is called Joule (J)

And finally,

» power is the product of force times
speed: kg-m/s?2-m/s or kg-m?/s? or
Watt (W)

This is the well-known unit KW in which,
for example, the performance of a car or a
lawnmower is measured. Power can also
be defined as energy per time unit viz.
Joule/second.

Lifting water

These units of measurement apply to any
physical object with mass, even water. To
raise 1kg of water (1 litre) one metre in
the gravitational field of the earth requires
9,81Joules of energy. To do this in one
second 9,8 Watts of power is required.
Then, to raise 10litres of water per second
as high as 100m, 9,81 kW of power must
be available, to which must eventually be
added friction losses in the pipeline and
the efficiency factors of the drive motor
and pump.

Text and diagram. Christian Schumann

b
(4]
S
b5}
£
=
Q
=
8
g

Sir Isaac Newton (1643-1727)
was an English physicist, mathematician,
astronomer, natural philosopher, alchemist
and theologian.

His treatise Philosophiae Naturalis
Principia Mathematica, published in
1687, said to be the greatest single work
in the history of science, described
universal gravitation and the three laws
of motion, laying the groundwork for
classical mechanics. He is also famous
for calculating the gravity constant for the
earth as 9,81 m/s?, which is associated
with the story of the apple falling on his
head.
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Engines and Engine

Maintenance

he majority of municipal water sup-

ply schemes are powered by elec-

tricity from the Eskom distribution

network. This is also the preferred
option to drive pumps. Where there is no
electrical supply, petrol and diesel engines
can be used to generate the required energy.
Diesel engines are preferred due to better fuel
efficiency. There are very few engine-driven
supply systems in the Northern Cape. This
chapter gives a brief overview of how a diesel
engine works and how to maintain it.

How a diesel engine works

A diesel engine, like a petrol engine, uses the
energy released by the combustion of fossil fu-
els to drive a piston up and down. The piston
is connected to a crankshaft which converts
linear motion (up and down movement) into
the rotary motion required to power a pump,
alternator or other application for which the
engine is needed. Both petrol and diesel en-
gines convert energy from the combustion
process to motion which moves the piston.
The difference between the two is how the
combustion occurs.

A diesel engine works on the principle
that air heats up when compressed. When the
air is compressed in the cylinder of a diesel
engine, diesel fuel injected into the cylinder
ignites spontaneously due to the heat of the
compressed air. This is possible as a diesel

-engine has a very high compression ratio,

compressing the air up to one twentieth of its
original volume.

. A petrol engine also compresses the air,
but to a lesser degree — usually to only about
one tenth of its original volume. When the
petrol is injected, it is ignited by a spark pro-
duced by a spark plug, fitted into the top of
the cylinder. This requires that the spark and
the injection of fuel occur just prior to highest

A diesel powered pump compression of the air.
set - a fire water-booster
pump station at the

: ! Vioolsdrif Border Post.
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Most engines use a four stroke principle. The

four strokes are

« Air intake or Intake stroke.

Inlet valve opens and a vacuum caused by
the downward moving piston sucks in air
through the valve.

o Pressurisation or Compression stroke.
At the bottom of the inlet stroke, the inlet
valve closes and the piston moves upward
in the cylinder compressing the air.

« Fuel injection and combustion or

Combustion stroke.
When the piston reaches the top of the
compression stroke, the fuel is injected
and ignites. The burning fuel causes an
expansion of the gasses which forces the
piston downward again.

 Expulsion of the burnt out gases or
Exhaust stroke.

When the piston has moved to its low-
est position due to the expansion of the
burning gasses, the exhaust valve opens
and the momentum of the engine fly-
wheel pushes the piston upward expelling
the burnt gas mixture from the cylinder.

compressed alr

air intake ¢

exhaust

air Intake press

exhaust ) fuel injection

and combustion pressure temperature

Cross-section through a diesel engine
llustration Internet

This four step cycle is repeated several
thousands of times every minute to cre-
ate continuous rotation of the crankshaft.
The injection of fuel into the cylinder is the
most complex aspect of the process. The idea
is to inject a fine mist of fuel that is evenly
circulated within the cylinder to ensure that
optimum combustion takes place, in order to
force the piston down at maximum efficiency
to minimise fuel consumption and maximise
the power generated. Most diesel engines are

fitted with glow plugs in the cylinder to pre-
heat the air in the cylinder during a cold start.
This is to ensure that the compressed air gener-
ates sufficient heat to ignite the diesel fuel at
startup. Glow plugs are usually connected to a
timer circuit which turns them off after a few
seconds so they do not operate once the engine
is running.

A diesel or petrol engine is a mechanical
device with rotating shafts supported by bear-
ings. All these moving parts are lubricated by
oil to decrease friction. In addition, all moving
parts as well as the stationary parts are subject
to heat due to the combustion process. Excess
heat that builds up and decreases the lubricat-
ing properties of oil must therefore be dissi-
pated by either an air or water cooling system.

An internal combustion engine is thus a
collection of systems which operate together
as a unit to produce motive power. If any one
of these systems fails or malfunctions, the
engine fails to produce power. Accordingly,
regular maintenance is required to keep an
engine in perfect operating condition.

Diesel engine maintenance

Maintenance requirements differ depending
on the application. An engine which runs
continuously for long periods requires less
frequent maintenance than an engine which
runs intermittently for short periods. Diesel
engines have four primary requirements to
ensure a long life and efficient operation
o Clean air filters -
a dirty air filter prevents sufficient air
from entering the cylinders and makes the
combustion process inefficient.
o Clean fuel filters -
a dirty fuel filter leads to fuel starvation
which decreases the efficiency of the
engine
o Clean oil filters -
due to the build-up of heat and corrosive
products released during combustion and
by physical wear, it is essential that the
lubricating oil be continuously filtered to
remove these elements to maintain the
lubricating properties of the oil.
o Regular oil changes -
due to the build-up of heat, corrosive
products released during combustion and
so forth, the lubricating properties of the
oil decline over time (even with filtering),



leading to increased wear and heat build-
up, unless it is changed.

Although requirements for different manu-
facturers may differ, as a general guide, the
following procedures and time frames are ap-

plicable for most diesel engines.

Interval | 8 250 500 1000 2500
Procedure hours | hours | hours | hours | hours
Check fuel tank level v
Check coolant level v v v v 4
Check drive belts v v v v
Clean fuel pump 4 4 v
strainer
Empty water trap v 4 v v v
Replace fuel filter v (4 v
element
Check injector tips for v
atomization
Check and adjust idle v
speed
Check lubricating oil v v
level
Check lubrication oil v v 4 4 v
pressure gauge
Replace lubricating oil v v v v
Replace lubricating oil 4 4 4 v
filter
Clean engine breather v
vent valve
Clean air filter element "4 v v v
Replace air filter v v
element
Clean turbocharger v
lubricating drain pipes
Check condition of the v 4
exhaust and silencer
Check and adjust the v
valve tip clearances
Check alternator, starter v
motor, etc
Clean starter battery v v v v
terminals
Check battery v 4 v v
electrolyte levels and
top up
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Typical problems and how to deal
with them

Properly operated and maintained, diesel
engines are reliable. Make sure to follow the
O&M guidelines provided by the manufac-
turer. Here are a few typical problems and
how to deal with them.

Excessive black smoke from the exhaust

Black smoke is normal on start-up, but when

continuously emitted, the following could be

possible causes

o Poor fuel injection - check injector spray
patterns

o Air inlet restricted — dirty air filter

» Poor engine timing — have a specialist
check the timing

o Internal engine problems, such as the
sump compression, etc.

Excessive white smoke from the exhaust

White smoke on start-up is normal, but con-

tinuous white smoke may be caused by

 Some or all glow plugs malfunctioning
- replace

o Plugged or restricted fuel return line

o Bad fuel injection - check injector spray
pattern

e Poor engine timing — have a specialist
check the timing

» Low compression — have the piston rings
checked for wear.

Engine will not start

e Low cranking speed — check battery
condition

« Some or all glow plugs bad - replace

» No fuel to cylinders — check

e Fuel filter blocked - replace

« No voltage to fuel cut-off solenoid
— check and repair

o Dirty fuel

e Bad fuel injection - check injectors

o Poor engine timing

o. Low compression

e Other internal engine problems.

Engine runs but has low or almost no power
o Blocked or restricted fuel return line

o Poor or contaminated fuel

o Poor engine timing

o Air inlet restricted - replace air filter
 Other internal engine problems.
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Engine runs rough

« Some or all glow plugs bad - replace
plugs

o Plugged or restricted fuel return lines

o Insufficient fuel supply '

o Poor fuel quality

« Bad injectors — check injector spray
patterns

o Idle speed too low- adjust

o Air in fuel - check fuel lines for leakage

o Fuel leakage between injector pump and
injectors.

General maintenance
Besides the above basics, it is important to

have good housekeeping procedures in an in-
stallation, or it will soon become very messy.
It is necessary to keep the engine room clean
and free from oil spills, etc. A good wipe-
down once a week of the control panels, the
engine and all equipment serves to keep the
installation neat and clean.

Make sure the engine room is well venti-
lated and that the exhaust emissions are dis-
charged outside the engine room.

Remember, when diesel engines are not
in use, they should be run for at least 1 hour
each month to lubricate all internal parts and
ensure that batteries are fully charged. Check
all switchgear on engines and generators
regularly for correct operation.
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Pumps and Associated

Equipment

o understand the basics of pumps
we must first understand two ele-
ments — the hydraulic grade line
and the duty point.

The hydraulic grade line

Municipalities often use pumps to pump wa-
ter from a low-lying reservoir or source to a
high-lying reservoir. The difference in height
between the two water levels is called the
static head or HST. The energy required or
hydraulic grade line is shown by lines (a), (b)

and (c) in the illustration. It shows that the
pump energy enables the water to overcome
the static head (HST), as well as friction (hf)
in the pipeline. Any additional energy over
and above (HST) is available to overcome fric-
tion. Any additional energy, over and above
that required to overcome friction, increases
the speed or velocity at which the water flows
to the higher reservoir. The higher velocity
consumes the extra energy.

In the figure, (a) represents the situation
where the most energy is made available, (b)
showsless energy transferred

Hy = Total
Head / Energy
added by the
pump

h 1y = Head _1_

loss due
to friction

Hy = Hg+ hy

Kinetic
energy

by the pump and (c) shows
the least. The dashed line
depicts the actual hydraulic
grade line, as the energy of
the water is the sum ofits po-
tential head or pressure and
the kinetic or movement en-
ergy. Note that (a) has more
kinetic or movement energy,

Pump
Station

as the dashed line is further
above the solid line than in
the case of (b) and (c).

Hydraulic grade line diagram
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If more energy is added, more energy is avail-
able to overcome friction and the flow rate is
increased.

Remember that only specialised variable
speed pumps allow for flow rate adjustments
,as described above. Most pump installations
are designed and built for a fixed flow rate
that cannot be changed or adjusted.

Duty point

The engineer responsible for the design of a
pump station chooses a pump with a specific
duty point, i.e. the head and flow at which
the pump operates most efficiently. In other
words, the maximum water is moved to the
desired location for each kilowatt hour for
which the municipality pays. In short, this is
when you get the best value for money.

The duty point is based on the intersection
of two curves — the pump curve and the sys-
tem curve. The pump curve depends on the
characteristics of the pump and is given by
the pump manufacturer. The system curve is
determined by the characteristics of the rising
main or pipeline. Factors that influence this
curve are the height that needs to be over-
come, and the pipeline diameter, roughness
and configuration, (bends and sharp changes
in direction). Valves and any narrowing in the
pipeline also influence this curve. If any of
these characteristics are significantly changed,
the duty point will move and influence the ef-
ficiency of the pump.

How to use a pump curve — See page 25.

Firstly one obtains the correct pump performance curve from
the manufacturer. Then one plots the flow required on the
flow scale of the curve, usually with the horizontal scale at
the bottom of the page. A vertical line is then drawn from
the flow scale to the point where it intersects the pump
curve. More often than not there will be a series of four or
five curves on a single page. The different curves represent
the performance of the pump using impellors of different
diameter. A single pump casing can usually be used with a
series of impellors of varying diameters to obtain a specific
performance.

The required total delivery head is plotted on the vertical
scale of the curve and a horizontal line is drawn across the
page to the point where it intersects the vertical line drawn
from the flow scale. This point of intersection is known as the
duty point of the pump. If the duty point does not fall exactly
on the pump curve, it is good practice to always select the
impellor size just above the duty point. Now one has the
pump model and the impellor size to deliver the required flow
at a specific head. The next step is to select the correct motor
size.

Generally there are different power requirements for each
size of impellor, so normally if there are curves for four
impellors there will also be four power curves just below
these. Where the vertical line from the flow scale crosses
the power curve corresponding to the impellor size selected,
one can read off the power required of the pump motor in
kilowatts. The above process is illustrated graphically on the
performance curve on page 25.

Nakop booster pump station
- system curve for rising main

125 .'~-_.
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Pump efficiency

Efficiency is defined as the ratio of work done
by the pump and the work done on the pump
or the ratio between the pump power input
(electrical kW) and the pump output (water
kW). The pump efficiency is usually deter-
mined by the pump manufacturer on a test
bed, where the pump is tested at a variety of
duty points and the energy inputs and outputs
are carefully measured.

Every pump has what is termed the Best
Efficiency Point (BEP) - the flow and head at
which the pump operates at its highest effi-
ciency. These figures are usually also present-
ed graphically on pump performance curves.
This enables an engineer to select a pump for
a required duty so that it operates at its best
efficiency point or as close as possible to this
point.

Pump efficiency is calculated as follows

Efficiency = EReIgy produced
Energy input
g gRpr T H
P

where g= 9,81m/s (gravitational constant)
p = density of water (1000 kg/m?)
Q = flow in m3/s
H=headinm
P = power input on pump shaft inkW

Efficiency is unit-less (e.g. 1,0, 0,9, 0,8, etc.),
or expressed as a percentage (e.g. 100 %, 90 %,
80 %, etc.). In reality it is impossible to have an
efficiency of 1, which would mean that the en-
ergy output is the same as the input. Different
factors such as friction would reduce the
output.

Pump configurations

Pumps can operate simultaneously, but de-
pending on the pump configuration, different
results are obtained. Pumps can be arranged
to operate either in series or parallel. For mu-
nicipal use, only parallel operation is impor-
tant. We will, however, briefly explain series
configurations as well.
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Pump curves and system curves

KENHARDT PIPE LINE PROJECT
SYSTEM CURVES LENNERTSVILLE RISING MAIN
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A typical system curve showing the pipe friction
curve with the pump curve superimposed. The
pump duty point is where the two curves intersect.

The graph above shows a typical pump curve (dotted curve)
superimposed on a system curve (solid blue curve). The
system curve is an indication of how the friction increases

as the flow through the pipe increases, due to increased
water velocity. The difference in elevation between the pump
centreline and the top of the reservoir where the water is
delivered is only 4 m, hence the system curve starts at a head
of 4m with zero flow through the pipe. This is known as the
static head. As the flow (on the horizontal scale of the graph)
increases, the friction in the pipe increases, which requires

a higher pumping head. The blue curve therefore represents
the pressure required to pump water through the pipe
between a range of zero to 20litres per second.

In order to find the duty point for this system, a pump is
selected from the manufacturer’s brochures to meet the
required duty of 10€/s. The head generated by the pump at
flows ranging from 0 to 20€/s is now read off from the pump
performance curve supplied by the manufacturer. These
values are now plotted on the same graph as the system
curve of the pipe and fitted with a curve, the solid blue

line. The two curves will now intersect each other at some
point, if the pump has been chosen correctly. This point of
intersection is where the pump delivers the flow and head
required by the pipe system, and is known as the duty point.

In this case, the duty point is 10,8 ¢/s at a total head of
14,5m, which meets the expected demand for the system.
These graphs are a tool which engineers use to ensure that
pumps selected meet the required demand of the water
supply system.




|
g
|

reservoir

Pumps in parallel

If the flow rate of one pump is no longer suffi-
cient to satisfy the demand for water, as often
happens when a town grows, then installing
two pumps in parallel is often the easiest so-
lution. The combined head quantity curve is
found by adding the individual flow rates at
the same head.

L i

" Pump | £ pump [ Pump | : A
Ve R \ a3 fails. Common practice is to al-
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The illustrations show how the flow rate can
be increased by running two or three pumps
in parallel. However, when pumps with very
flat characteristic curves operate in parallel,
or if the system curve is very steep, the total
flow rate may not be much greater, so-that
parallel operation becomes uneconomical.

When the decision is taken to increase the
flow rate in this manner and permanently
run two pumps in parallel, it is good
practice to install a third backup
pump in case one of the two pumps

ways have one pump more than
needed to do the job.
Most pump stations serv-

Parallel pump layout

Centrifugal pumps can be operated in parallel
without problems when the head at no-flow
and the steepness of all pumps are equal (in
other words, all the pumps in the pump sta-
tion are the same).

Parallel Pumping (Three Pumps)
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Three pumps in parallel

ing areas with large growth

consumer  potential must also make

provision for future pump

unit installations. The municipal technical

manager must consult with the town planner

to determine what pump stations might be
affected.

Pumps in series

Pumps are used in series if a specific high
pumping head cannot be achieved with one
pump. It is then possible to double the head
by installing a second pump in series in the
same pipeline. If two or more pressure stages
are built into one pump, it is called a multi-
stage pump. In most cases where a high head
is needed, a multi-stage pump is used rather
than pumps in a series. For this reason mu-
nicipal maintenance teams will rarely en-
counter pumps in series configurations.

Two Pump in Parallel on a steep system curve

| =—systemcurve
et ===gingle pump unit

=—Pumps in Paraiiel

reservoir |

—>* Pump 1>+ pump - Pump <>

consumer

100 150 200 250 300 350
Flow (Vs)

Two pumps in parallel

Series pump layout
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There are exceptions to the rule when the in-
stallation of a multi-stage pump is not feasible
and two or more pumps are installed in series,
e.g. when a system has very long pipelines and
pumps with very high flow capacity are used.

The figure alongside shows pumps in a se-
ries configuration and the Head over discharge
graph. In this particular case one pump would
not have been able to deliver the static head
required. Two pumps in series do the job at a
low flow rate of about 60¢/s. Three pumps in
series deliver 112 €/s.

Types of pumps

This booklet focuses on the types of pumps
and associated equipment used in pump sta-
tions, such as a booster pump station between
boreholes and reservoirs or treatment plants,
or a pump station between a ground reservoir
and an elevated reservoir. However, pumps
and associated equipment are also used at

— CENTRIFUGAL —

PUMPS —

| POSITIVE -]
DISPLACEMENT

—— ROTOR

Table from South African Pump Manufacturers Association

—— SINGLE STAGE

L— MULTI-STAGE

— RECIPROCATING

Pumping In Series (Three Pumps)

Pumping in series (two pumps)

boreholes and treatment plants. This section
of the booklet therefore gives a broad over-
view of the most common types of pumps.
The two main groups of pumps are Centrifugal
Pumps and Positive Displacement Pumps. The
diagram shows the classification of pumps.
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Centrifugal pumps

Centrifugal pumps move water by exerting
centrifugal forces on it, i.e. the same force that
keeps water inside a bucket when you swing it
over your head. The water is forced into a ro-
tating impellor which discharges it at a higher
pressure and velocity at the periphery.
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outlet

End suction pump - volute casing impellor

right cross-section

Hlustration from Pumps Principles & Practice

[llustration Internet

Cross section of a single-stage
submersible pump
Hlustration Flygt website

There are many types of impellors available
depending on the application of the pump. If
the required pressure cannot be delivered by
one impellor, another pump can be added in
series, or a multi-stage pump with more than
one impellor can be used.

The selection of a pump for a specific
application should be done with care. There
are several factors that need to be taken into
consideration, of which the following are the
most important
o the flow rate of the water that needs to

be pumped, i.e. how much water is to be
pumped over a set time period. This can
be expressed in litres per second or cubic
metres per hour or megalitres per day (day
= 24 hours).

e the static head - the physical difference in
level that the pump must lift the water

o . the delivery piping friction losses — due to
friction between the water being pumped
and the material of the pipes connected
to the pump outlet. This includes friction
caused by valves, bends, reducers and
other fittings installed in the pipeline.

o the inlet piping friction loss — due to fric-
tion between the water being pumped and
the material of the pipes connected to the
pump inlet.
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Design Features
{ Pump casing: Bearing cover: Self-aligning rol-  Bearing: Bearing bracket: Tapered roller bearing:
Computerized ca- Filled with grea- ler bearing: Grease lubrica- ~ Cast in one piece, Steep-angle taper de-
sing design ensures se, seals against Designed for high ted, (oil lubrica-  therefore, high degree  sign, compensates high
high efficiency and water and solids. radial loads. tion optional) of rigidity and good axial thrust, no axial
wear-resistance; no concentric shaft align-  clearance, spacer ring
wear plate required. ment ensures exact bearing
[ assembly.
Back vanes: PR IEED 1 SRR
Standard design for i
all pump sizes 4
< DN 100 and for 4 |
all variants with au- RS
xiliary impeller. N NEe
N // i7
Front vanes: — = N\ L34
Reduce recirculati- AN G N
on and wear in im- NN7ZZ77N '
peller to liner clea- g« T
rence. = i el i e
= 7 il \ 2388:1.212
Shaft protecting sleeve:: NS < E \ ’
Coated with nickel alloy, RN A 7 R b e
minimum wear, long ser- NN 7 Y {
vice life of the gland ik MLE NN
packing. X \ \ =
7 j
Suction cover: f'_ | B S Y \Adiusting screw:
Close fit prevents gou- Coar 974 Eqsy and pregise
] ging wear, taper allows gdjuﬁ}me?l Yhine
ease of removal. May impeller clearance
be rotated at intervals resulting in mini-
1o extend wear life mum wear and
1‘ ———{ \ maximum efficiency.
!
Impelier:
High efficiency twisted Bearing block:
vane design with large One piece iron ca-
solids passage. Good Connection plate: Stuffing box: Shaft: sting. Heavy sec-
NPSH and wear resi- Folded seat centering  Gonnection for sealing Oversized in or- tions and concentric
stance in abrasive slur- the pump casing auto- jiquid or grease; split der'to reduce the fits provide rigidity
ries. Threaded huband  wear ring: matically; the dischar-  gjand cover facilitates shatt deflection, and alignment. Stan-
sealed breast prevent Protects stuffing  9¢ nozzle position can fiying of the packing; high operational ~dardizes saddles
exposure of shaft to flow  pox housing be changed in steps option: installationofa  reliability even allow interchangabi-
of slurry. against wear. of 45° mechanical seal. with high loads. lity of cardridges.

Cross section of a centrifugal end suction pump
lilustration from KSB
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o the section head - the vertical distance
between the water surface level and the
centre of the pumps impellor

« the net positive suction head - centrifugal
pumps operate by the spinning impellor,
creating an area of low pressure at the cen-
tre of the impellor due to centrifugal forces.
Atmospheric pressure is then greater than
the pressure at the centre of the impellor,
and exerts a force on the surface of the wa-
ter, pushing it into the centre of the impel-
lor via the inlet piping. Theoretically, it is
thus not possible to have a suction head in
excess of 10m, as the atmospheric pressure
is approximately 10 m of water pressure. In
practice this is limited to about 9m, as the
inlet piping friction loss also needs to be
overcome by atmospheric pressure.

When all the above values have been deter-
mined by means of calculations and/or fric-
tion tables, a total delivery head is calculated
by adding together all the delivery friction
losses and the static head. With this informa-
tion, one can now make a pump selection
from a pump curve. See page 24 for details on
pump curves.

Centrifugal pumps can be subdivided into
single-stage and multi-stage pumps. Single-
stage pumps are usually used to pump larger
volumes of water. Multi-stage pumps are used
to lift water to a considerably higher level, and
are typically used in mountainous areas or at
steep river banks.
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A centrifugal six-stage axial flow pump at
Henkries pump station on the Orange River.

[lustration Internet

A centrifugal multi-stage axial
flow pump with motor

outlet

inlet

Multi-stage pump with three stages, above.
Cross section or multi-stage casing set, right.

outlet inlet

llustrations from Pumps Principles & Practice
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In order for a centrifugal pump to
function, its casing and impellor must
be filled with liquid. A centrifugal
pump cannot suck water. What
happens is that the air pressure of the
atmosphere forces the water into the
center of the pump impellor, which is
located above the level of the water
surface. This means that at sea level,
the theoretical height of a pump inlet
above the surface of the water cannot
exceed 10m. However, in practice, it
is considerably less than 10m due to
inlet friction, height above sea level
(atmospheric pressure decreases as
the altitude increases), temperature
and vapor pressure, which are all
variable factors that need to be
overcome before a centrifugal pump
can function.

The earth’s atmosphere extends
approximately 80 km above the earth,
and rests on the earth with a weight
equivalent to a layer of fresh water
10meters deep at sea level. To remove
air from the pump cavities and the
suction piping, the pump must

[llustration Internet

Cross section showing the
functioning of a self-priming

AND PUMPING STATIONS

Priming of pumps

develop enough head to equal the
equivalent of this 1bar pressure.
Unlike a positive displacement
pump that can pump a liquid to any
head as long as the pump body is
strong enough, and there is enough
horsepower available, the centrifugal
pump can only pump a liquid to its
rated head. This head is determined
and limited by the diameter of the

impellor and the impellor speed (rpm).

Since the weight of water is
approximately 8000times that of air
(80km vs. 10m), a centrifugal pump
can produce only 1/8000 of its rated
liquid pressure.

In other words, for one metre of
water that has to be raised to prime
the pump, the centrifugal pump
must produce a discharge head of
approximately 8000 m, and that is
impossible with conventional impellor
diameters and speeds.

Al of this means that if you intend
to use a centrifugal pump to lift water
from a source below the centre line
of the pump impellor, you are going to
have to come up with some sensible
method of priming or filling it. Options
include:

[lustration Internet

Example of a hand operated vacuum
pump (B) used to prime the main

Installing a foot valve in the
suction piping to ensure that the

liquid will not drain from the pump |

casing and suction piping when

the pump stops. But keep in mind

that these valves have a nasty
habit of leaking.

Evacuating the air in the system
with a positive displacement

priming pump operating between
the pump and a closed discharge ‘;

valve.

Filling the pump with liquid
prior to starting it by removing
the delivery piping and pouring

water into it with a bucket. This is

often the method used on small
portable pumps.
Converting the application to a

self-priming pump that maintains 3

a reservoir of liquid at its suction
end. Self-priming pumps create

a vacuum that removes all the air |

from the suction piping.

pump.

Positive displacement pumps

Positive displacement pumps come in two dis-
tinct types, rotary and reciprocating piston or
diaphragm types. These pumps transfer fluids
by mechanical means without centrifugal force,
using a movable part in an enclosed cavity, like
piston in a cylinder, or a syringe.

These pumps can provide high discharge
pressures and can also pump viscous liquids
like oil. However, they are more expensive
than centrifugal pumps and more costly to
maintain.

pump.

Positive displacement pumps function due
to a change of volume inside the pump. For
example, a piston pump consists of a piston
moving back and forth inside a cylinder of
fixed volume. When the piston is at the top
dead centre, it occupies the full volume of the
cylinder. As it moves down it creates a vacu-
um and a fixed volume of liquid flows into the
cylinder due to atmospheric pressure. On the
upstroke it pushes the liquid out of the cylin-
der into the delivery pipe. It thus ‘positively
displaces’ the liquid being pumped. These




pumps cannot pump against a closed valve.
Either the piston will break or the pipe will
burst.

Different types of positive displacement pumps
are used by municipalities, The most common
being reciprocating pumps, rotary pumps,
gear pumps, peristaltic pumps and progressive
cavity pumps.

Reciprocating pumps

These pumps have a piston or a moving dia-
phragm. They pump a constant volume at a
given motor speed and deliver the same flow
at any pressure. These pumps are extremely
efficient and limited in pressure only by the
physical strength of the pump.

Typical examples are the dosing pumps
used for chemical dosing. They are equipped
with a motor driving a crankshaft which
changes rotational movement to recipro-
cating movement. A piston attached to the
crankshaft moves back and forth horizontally
or vertically as the crankshaft rotates. The pis-
ton is connected to a diaphragm made of flex-
ible material such as rubber or neoprene, that
creates a vessel of fixed volume into which the
liquid is sucked, and then discharged.

outlet

Diaphragm pump
Mllustration from Pumps
Principles & Practice

A piston pump
Mustration Internet
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Dosing pumps and their maintenance
Positive displacement pumps are most
commonly used in municipal water supply
systems as dosing pumps. They enable
accurate dosing of disinfectants and
coagulants into the potable water supply.
Maintenance on these units is important
to prevent incorrect dosages being
applied. Regularly check these pumps for
any residue or deposit of granular chlorine
that might hinder the pumping. Also
check the diaphragms every month for
signs of tearing.

Many package treatment plants use
HTH or granular chiorine for disinfection.
The HTH is dissolved in water and then
dosed with a dosing pump. As the
chemical composition of HTH is Calcium
Hypochlorite, the calcium tends to scale
in the pump inlet and outlet piping, as
well as on the diaphragm. This can be
countered by pumping a 20% solution !
of hydrochloric acid through the whole
system for at least 10 minutes. This should |
be done at least once every three months

to prevent blockages due to calcium

scaling, to ensure that the pump operates
accurately.

Mlustration Internet

Example of a reciprocating diaphragm pump
Mustration Internet
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Rotary pumps

Rotary pumps include the gear pump, pro-
gressive cavity pump and the peristaltic
pump. Rotary pumps are not equipped with
pistons but function due to the rotation of the
pumping element, which may have several
different forms.

Gear pumps are mostly used where oil is
pumped. They have two rotating gears that
mesh, compressing the liquid between the
gear teeth, and creating the force that moves
the liquid. These are usually low volume/high
pressure pumps. Common applications are
hydraulic pumps on earth moving machin-
ery, where the pump supplies oil pressure to
operate the hydraulic jacks on the machine.

inlet outlet

ey

Lobe Rotor Pump
Ilustraion from Pumps Principles & Practice

Peristaltic pumps are often used to transfer
chemicals, as they have an extremely accurate
delivery. They can also be used for pumping
sludge. Peristaltic pumps are equipped with
rollers rotating inside a special housing. A tube
manufactured from flexible material is then
pinched between the rollers and the housing
of the pump. As the rollers rotate, the tube is
pinched closed in front of the roller. As the
tube regains its shape after being released from
the roller, a vacuum is created and the pumped
liquid enters the tube. The liquid is then
pushed through the tube by the next roller. The
great advantage of this type of pump is that the
liquid being pumped is always enclosed by the
tube and does not come into contact with any
mechanical parts of the pump. These pumps
can also be equipped with variable speed mo-
tors which allow them to deliver very accurate
volumes, over a large range of flows.

Cross section showing
the operating principle
of a peristaltic pump.

@ /llustration Internet

Peristaltic pumps used for dosing of chemicals.

Progressive cavity pumps have a rotor which
turns inside a fixed stator, pumping the fluid
axially between the meshing stator screw
threads. A progressive cavity pump has a steel
alloy rotor and a stator made of rubber. The sta-
tor always has one more lobe than the rotor and
the pair can have 1:2, 2:3, 3:4 etc. configurations.
The rotor has an eccentric movement when to-
tating. The eccentric rotor is joined by a univer-
sal joint or flexible shaft to a concentric rotating
shaft. Stators are normally made out of natural
rubber; however, materials such as teflon and
even metal can be used. The rotors are normally
made out of tool steel or stainless steel, and can
sometimes have different coatings such as hard
chrome. Pump housings are normally made of
cast iron or stainless steel, depending on how
corrosive the application is.

The progressive cavity pump has the fol-
lowing advantages
o reverse flow
o low shear
o positive displacement
o self-priming
o low noise
« continuous flow - no pulsating
o metering capability
« pumping of liquids with a high solids

content.



shaft

outlet €~

inlet

Progressive cavity pump
lllustration based on drawing from Pumps Principles & Practice
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Progressive cavity pumps can be mounted
horizontally or vertically, depending on the
application. Stator and rotor sizes can vary
from a few inches to 20feet in length. The
length determines the stages on the pump.
Applications of progressive cavity pumps
vary. In the wastewater industry they are of-
ten used to pump sludge and slurry, animal
waste, chemicals, etc.

Two special pumps

In the water industry, the variety of pumps,
their applications and combinations, and use
in conjunction with other mechanical/elec-
trical equipment make it possible to find the
best and most cost-effective solution for eve-
ry need. Other equipment includes mixers,
blowers, aerators, diffusers, ejectors etc. Two
other special pumps should be mentioned.

The Archimedean screw pump

These pumps are used to lift large volumes of
water over short distances to a higher level.
They do not clog easily and are thus also often
used at the inlet of a wastewater treatment
plant to pump raw sewage.

Cross section through an Archimedean screw pump
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The airlift pump
The airlift pump is based on the principle that
a mixture of air and water is less dense than
water alone. Airlift pumps have no moving
parts and are operated by a supply of pressu-
rised air. They are often used to remove grit
and sludge. Their efficiency is quite low; but
they have extremely low maintenance costs.
In an airlift pump compressed air is piped
down a shaft. The air then returns up a large
diameter discharge pipe carrying an air-water
mixture. The compressed air aerates the liq-
uid in the discharge pipe, lowering its density.
As this mixture is lighter that the surround-
ing water, the fluid mixture is forced upwards.
Airlift pumps have no moving parts except
the compressor or blower which is located
outside the pumping area.

The operating principle §
of an airlift pump

Stuffing boxes and
mechanical seals

In order for a centrifugal pump to operate
correctly, it is necessary for the pump shaft
to be sealed where it enters the volute of the
pump. If this seal is poor, air will be drawn
into the volute, preventing the pump from
priming and diminishing the efficiency of the
pump considerably. Shaft sealing is normally
done by either a gland packing or by one or
more mechanical seal arrangement.

Stuffing boxes

This is the oldest and most common form of
seal. In its simplest form, soft packing rings
are arranged between the rotating element
(shaft) and the stationary element (volute cas-

ing). When the pump is operated at a suction
pressure below atmospheric pressure, some
of the fluid pumped by the pump is tapped
from the volute casing and fed via a lantern
ring into the gland packing. Some of this lig-
uid will leak back into the volute casing and
some outward to atmosphere. This is impor-
tant, as this liquid serves to lubricate and cool
the packing rings continuously. If this fluid is
not allowed to leak, heat due to friction will
build up, causing the packing to burn. As the
gland packing wears away due to friction, it
can be adjusted to force the packing rings
more tightly against the shaft. When they are
no longer able to be adjusted without serious
leakage, they should be replaced.

Stuffing boxes with gland packings have
the following limitations
o they cannot pump liquids with high

temperatures
o the pressure they can operate at is limited
« the rubbing speed between the shaft and

the packing has limitations.

Packings are manufactured from a variety of
materials such as graphite, PTFE, etc.

Fluid Out

\
Sh.rH%ng Box : Leakage
4

Mechanical seals

Sometimes it is not desirable to have the leak-
age which is required for the successful use of
stuffing boxes and gland packings. For such
cases, a large variety of mechanical seals have
been designed.

A mechanical seal comprises a primary
seal which is stationary (fixed), against which
a second rotating flexible seal is mounted,
both at right angles to the shaft. The flexible
seal is also sealed to the rotating shaft by a sec-

Cross
section of a
stuffing box
and lantern
ringon a
centrifugal
pump
[lustrations on
this page from
the Internet

\\ ‘(/‘
s



A mechanical seal
llustrations this page Internet

Cross section
showing a pump
shaft fitted with
a mechanical
seal (blue in the
illustration)

ondary seal. A continuous force from a spring
is then applied to the rotating element to keep
the faces of the stationary element and the ro-
tating element against each other. In addition,
the pressure inside the pump volute also acts
with a force on the mechanical seal, helping
to ensure contact between the two rubbing
faces. All mechanical seals depend on a thin
film of liquid between the rubbing faces of the
two elements. This implies that there is again
leakage to the atmosphere. However, in a well
designed seal, this leakage is so small it usu-
ally evaporates before droplets are formed.

Mechanical seals are sometimes mounted
in a double seal configuration when highly
flammable fluids or toxic fluids are pumped.
Pumps need to be specifically designed to
utilise a mechanical seal. In applications
where abrasive liquid such as silt laden water
need to be pumped, pumps are designed with
special ports to enable continuous flushing of
the mechanical seals to prevent a build up of
abrasive materials on the seal faces.

Mechanical seals are also preferred for
clean water applications.
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Couplings and alignments

The purpose of a coupling is to connect the
prime mover (motor or engine) to the driven
item (pump, conveyor, gearbox, etc.). A cou-
pling also absorbs shock loads imposed on
the motor, adjusts to minor misalignments
and allows separation of the prime mover and
driven unit from each other for maintenance
purposes.

There are two basic types of couplings;
flexible and rigid. A rigid coupling is used
when exact alignment can be obtained on
fitting and maintained throughout service.
Non-alignment in service may be caused by
settling of foundations, deflection of support,
shock loading, wear of bearings, vibration and
temperature fluctuations. If any of these are
likely to occur, then flexible rather than rigid
couplings should be used. Flexible couplings
can be classified as follows
« Torsionally soft couplings using a rubber

element or bush
o Torsionally stiff couplings, such as gear

couplings.

The softer couplings act as shock absorbers
and absorb the forces generated by abrupt
changes in pumping speed. A typical example
of a popular flexible coupling is what is known
as a Fenaflex Tyre Coupling. It consists of two
metal discs between which a rubber element
or ‘tyre is clamped. The metal discs fit over
the pump and motor shafts, and are tightened
using a keyed taper-lock connection. The
shaft alignment is then conducted, align-
ing the two metal discs and then the ‘tyre’ is
clamped between the discs to take up torsion
differences.

| Atorsionally soft
coupling
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A more rigid type, but also classified as flexible,
is the jaw coupling’ It consists of two halves
that each have a set of course splines or jaws’
which fit into each other. Contact between the
two sets of jaws is prevented by means of an
elastic separation element. The materials used
to manufacture these couplings vary from
elastomeric polymers to steel, depending on
the torque requirements of the application.

A jaw coupling
Illustrations on this page from the Internet

The importance of alignment

The biggest contribution maintenance staff

can make to lower the operational costs of

any rotating equipment, including pumps, is

to ensure the alignment between the rotating

equipment and the motor or engine is correct

from the start. When misaligned, the loading

on shafts increases dramatically due to the

reaction forces created within the coupling.
The alignment of a pump and motor unit

is thus very important, as misalignment can

cause the following problems, which all lead

to increased operational costs

« bearings and couplings run a lot hotter
than they should

o vibration becomes excessive

« bearings, shafts, seals and couplings will
fail prematurely

o power consumption increases
significantly.

It is thus a good idea to have the alignment
on pump units checked at least once every six
months.

Studies have proved that even a small mis-
alignment on pump unit shafts can increase
electricity consumption by 8-10 %. Given that
on some water treatment plants there are quite
a number of pumps, this could have a signifi-
cant impact on electricity consumption and
costs, over a period of a year. Similarly, it has
been proved that a small misalignment can
reduce the service life of a mechanical seal by
up to 90 %.

The most common alignment methods
employed are the following
« The straight edge and feeler gauge

method - oldest, most common method,

but inaccurate

o The dial indicator method — better than
above, but still reliant on human error

« Laser alignment — quick, accurate, and
reliable.

The straight edge and feeler gauge method
is only accurate to roughly o,ymm (4mils)
while with the dial indicator method, ac-
curacy of up to o,01mm (0,4 mils) is attain-
able. The laser alignment method is accurate
to 0,001mm (0,04 mils) but requires a high
initial capital cost, as well as an investment in
the training of staff to use the equipment to its
full potential. ;

The dial indicator method

The incorrect and correct alignment of a pump and motor unit
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Checking that the axes are parallel (shafts in line at coupling end).
Hlustrations from Pumps Principles & Practice

The straight edge and feeler gauge method
The straight edge is laid across the top of the
flanges of the coupling hubs to determine
vertical misalignment and then moved to
either side of the flanges to determine hori-
zontal misalignment. The feeler gauges are
used between the flanges to measure angular
misalignment. Shim thicknesses are then esti-
mated and inserted under the motor pedestal
feet and measurements are done again. This
is essentially a ‘trial and error’ method. This
method is most often used by municipalities
as it does not require expensive equipment.or
highly technical training, but it is not the most
accurate method and is reliant on the ‘human
factor’ for its accuracy.
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The straight edge and feeler gauge
alignment method

A shim is a thin metal plate which can be in-
serted between the pump base plate, or a mo-
tor or pump mounting pedestal. By inserting
a shim, small differences in misalignment can
be corrected to prevent vibration. Shims are
generally bought in a selection of thicknesses,
with each shim’s thickness etched onto it so
that the fitter knows by how much he or she is
correcting the misalignment. Shims can also
be used in a combination of thicknesses to
make up large deviations.

Pootly machined sprung foot

A selection of
commercially available
shims (top), typical
shim application
(middle) and typical
shims used for
alignment (bottom)
Ilustrations — Internet
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manufact uring naccurames when pump
casing or motor casings are cast. Normally
a geometric plane is determined by at
least three points, which is why a dairy-
farm milking stool has only three legs.

A ‘soft foot’ which is not shimmed will
distort the pump or motor casing when
the bolts that hold it down are tightened
to secure it in place. This distortion will
affect alignment, and tend to bind the
rotating shaft and preload the bearings,
which will cause premature failure.

It is therefore vital to check for ‘soft
foot’ BEFORE any alignment is measured
and compensated for by inserting shims.

The figures show how to check for the
two basic alignment errors that can be
encountered.

Typical
occurrences

‘Angular Soft Foot
s s of ‘soft foot’

Valves

Valves come in various forms, but all func-
tion as control devices. In their simplest form,
valves are used to open or close the flow from
a pipe (i.e. a tap). Valves come in many con-
figurations and types that may be manually,
hydraulically, pneumatically or electrically
operated. The following are some of the more
popular valve types

Gate valve
o Resilient seal valve
o Butterfly valve
o Diaphragm valve
o Khnife gate valve
o Needle valve
« Non-return, reflux or check valves
o Air valves.

These and many other types are available for
different applications. In a simple water system
you will often find at least two to three different
types of valves performing specific functions.
In all cases, valves either control flow or pres-
sure within a pipeline or pressure vessel.

meter box [§

isolating

isolating gate valve

A newly installed pump at the reservoir site in
Hopetown as part of refurbishment of the water
supply system. This installation has a monoblock
pump, i.e. the pump and motor in a single unit.
The installation also includes various types of
valves. A steel cage must be mounted over the
installation to prevent theft and vandalism.

airvalve

switchgear

stop cock
(small
gate valve)
and tap
for water
quality
testing

non-
return
valve

monoblock
pump




Control valves

Control valves serve many functions in mod-

ern hydraulic applications, including

o Pressure reducing valves lower water
pressure before it enters a reticulation
network

 Pressure sustaining valves keep pressure
constant when upstream pressure is
fluctuating

 Flow control valves ensure a constant
flow of water

 Level control valves control water levels,
e.g. in reservoirs

» Non-return valves prevent the reverse
flow of water, usually in conjunction with
pump control valves

o Pump control valves are the most com-
mon pump station application (see below)

 Surge control valves relieve a surge/water
hammer in a pipe system, e.g. caused by a
power failure.

The pump controlapplication works as follows.
A pump starts and stops against a closed valve
to protect the system from pressure surges.
This can only be done with centrifugal pumps
and not with positive displacement pumps.
The pump starts with the control valve closed
and after the pump reaches operating speed
the valve opens slowly. This brings the system
into operation in a controlled manner. The
same is done when stopping the pump. The
control valve will slowly close while the pump
is running. The pump only shuts down when
the valve is fully closed. This is a very effective
method of controlling water hammer.

MAIN SUPPLY LINE % =X SYSTEM
ISOLATION VALVE 5 oS

’——‘
VALVE2

Diagram showing the operation of control valves. Valve 1 prevents pressure
surges during starting and stopping. The pump and valve controls are
synchronised to start and stop the pump, when valve 1 is closed. Should

a power failure occur, valve 1 closes immediately. Valve 2 maintains a
constant, preset upstream pressure independently of changing source
potential and/or system demand. This controls water hammer.
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From a maintenance point of view it is impor-
tantto always keep these valves clean, especially
the breather holes on the valves and the pilots,
as insects can nest in these and interfere with
the working of the valve. Always keep the set-
tings on a valve as prescribed by the engineer
or manufacturer. (See box on next page).

Air valves

The purpose of an air valve is to either release

air which has become trapped in a pipeline

or to allow air to enter a pipeline, should a

vacuum occur. Air is typically released from

pipelines on filling the pipe for the first time,
and thereafter when air dissolves in the water
and is released in low pressure areas.

An air valve consists of a float in a hous-
ing, which seals an opening under specific
circumstances. The float is manufactured to
have sufficient weight not to rise when air
flows under and around it. When water under
pressure, which has a much higher density
than air, pushes against the float, it rises up in
its housing and seals off the opening or orifice,
preventing the water from escaping. A typical
air valve has the following components
« air collection chamber or accumulator

(normally a T-piece with a large diameter

branch)

e riser (thinner pipe which is generally simi-
lar to the diameter of the air valve)

e isolating valve (small valve on the riser,
which can be closed in order to remove
the air valve)

o air valve.

Air valves are always located at the high points
on a pipeline or where sudden changes in
slope occur. When the gradient changes from
positive to negative (uphill to downhill) at an
apex point, when the gradient changes from
negative to more negative (downhill to steeper
downhill) and if a pipe continuously rises and
falls, an air valve should be installed at least at
500m intervals. There are two main types of
air valves — single action and
double action types. A single ac-
tion air valve only allows trapped
air to be released, while a double
action air valve also allows air to
enter a pipe when a vacuum oc-

- curs. A vacuum is defined as an
A double ;
setisaaie area where the pressure is lower
valve than atmospheric pressure.
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The use of pressure sustaining valves
Keimoes water treatment plant also houses
the clear/potable-water pump station, which
pumps the treated water to two storage
reservoirs in the town. The water reticulation
system is a combined system, which means
that the clear-water pumps pump directly
into the network and the water which is not
used by consumers ends up in the storage
reservoir. '

The other available system is the so-
called isolated system, where clear-water
pumps pump directly to a reservoir with no
link to the reticulation system. The water is
then fed into the reticulation network by a
dedicated feed pipe using gravity to provide
the pressure.

In many towns and cities an original
isolated system was changed at some point
to a combined system, to increase pressure
in specific areas by connecting them directly
to the pumping main. The downside of a
combined system is that the pumping head
varies continuously. When the demand in
the town is high, there is a large abstraction
from the network, causing the system
pressure to drop. When this happens
the pump automatically compensates in
accordance with its characteristics, as found
on the pump performance curve. This means
that the duty point of the pump shifts to
the right of the curve, causing the pump to
cavitate and/or overload, as it is now trying
to pump a higher flow than that for which it
was designed.

Overview of the the main pump hall at the
Keimoes water treatment works, with a pressure
| sustaining valve in the upper right corner.
i right Detailed side-view of the pressure
| sustaining valve.

When the opposite scenario occurs, i.e.
when demand decreases, the system
pressure will increase and consequently the
pumping head will also increase, leading to
the pump duty point moving to the left of the
performance curve and pumping less water,
due to the increase in head.

To control this phenomenon, pressure
sustaining valves are used. A pressure
sustaining valve is fitted with a pilot valve
that continuously monitors the pressure
downstream of the valve and then
hydraulically opens or closes the main valve
to maintain a constant pressure upstream
of the valve. Pressure sustaining valves are
thus installed on the pump delivery side,
between the pump and the rising main. This
valve then ensures that the pump is always
pumping against a constant head and thus
delivers a constant flow, irrespective of what
happens in the reticulation network.

When a pressure sustaining valve is
installed, the pilot valve is pre-adjusted

until the pump is running exactly on its duty
point. Should the downstream pressure
decrease, the valve will close slightly to keep
the upstream pressure constant, and vice
versa.

When pumps do not operate on their
duty points they will cavitate, experience
excessive wear, trip electrical circuits due
to overload, and cause premature failure of
electric motors. Control valves that prevent
such operational damage are expensive,
but are a lot cheaper than continuous
maintenance, premature replacement of
pumps and motors, or modifying a network
to function as an isolated system again.




To avoid water hammer, gate valves
must be closed and opened slowly

and carefully.

During the manual closing of the
valve the hand wheel (or the T-key) is
turned clockwise until it is completely
closed. It should not be closed beyond
the maximum operating torque, there-
fore the wheel should be turned back
just half a turn (180 degrees). The

A good quality air valve generally has two ori-
fices for releasing air. The large oriface opens
during the initial filling of the pipe when rap-
idly approaching water in the pipe displaces
large volumes of air. The smaller orifice oper-
ates when the pipe is full and at operating pres-
sure, continuously venting small quantities of
air entrained in the pipe due to pumping, etc.
When a pipe is drained, normally at a scour
valve located at a low point in the pipeline, wa-
ter flows away from the high point, causing a
vacuum in the pipe. When this occurs, the air
valve should open, allowing air to rush into the
pipe to prevent the vacuum from imploding
the pipe walls. This phenomenon also occurs
when surges such as water hammer occur.

Telemetry requirements for
pump stations

As water pump stations are often far from the
treatment plant or control centre, the use of
radio or hardwire telemetry systems is becom-
ing evermore common. The increasing use of
telemetry has lead to these quite sophisticated
systems has led to increasingly affordable and
easier to use. Nowadays, a pump station is con-
sidered a ‘simple’ telemetry installation and a
telemetry unit controlling a pump station
with two pumps can be purchased for roughly
R30000.

As a point of departure, a pump station te-
lemetry system should control and/or monitor
the following parameters
o Pump start, pump stop
o Pump ready
o Pump tripped
o The availability of electrical power
o Pump station security.
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In addition to the above, depending on the

instrumentation installed at a pump station,

telemetry systems could monitor and provide
instantaneous feedback on

o