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TRIANING COURSE 4: OPERATION AND MAINTENANCE OF WATER

DISTRIBUTION SYSTEM
Objective:

Training low and medium level skilled personnel on the operation and maintenance of
water distribution system

MODULE 1: INTRODUCTION TO WATER DISTRIBUTION SYSTEM

Water Distribution system is that part of water supply scheme that takes the treated water
from the reservoir or the headwork through a system of pipe connections to the consumer.
Prior to water distribution, there is water treatment and water transmission aspects.

Water utilities construct, operate, and maintain water supply systems. The basic function
of these water utilities is to obtain water from a source, treat the water to an acceptable
quality, and deliver the desired quantity of water to the appropriate place at the appropriate
time. The analysis of a water utility is often devoted to the evaluation of one or more of the
six major functional components of the utility: source development, raw water
transmission, raw water storage, treatment, finished water storage, and finished water
distributions well as associated subcomponents. Because of their interaction, finished
water storage is usually evaluated in conjunction with finished water distribution and raw

water storage is usually evaluated in conjunction with the source.
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Note: Pumps and valves are located at a variety of locations throughout
the distribution system.

1.2 TYPES OF DISTRIBUTION SYSTEM AND THEIR APPLICATION

The layout of pipeline in a location usually follows the street network pattern of the area.

However, in planning a city or district, having efficient distribution of water, power or gas

utilities in mind, the layout is predominantly arranged in a definite pattern. These patterns
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form the geometry of the distribution system. The three common geometry of water
distribution system are

Branched Network

Gridiron network

Ring and Radial network.

A. Branched Distribution Network

In the branch geometry of pipe lines for water distribution, the source (which may be a
reservoir, tank or treatment plant) is located at one extreme of the network with a single
pipe proceeding from it and carrying sufficient water to supply other arterial pipes. This
usually occurs in the rural areas, or where the source is likely far from the place of

consumption. A schematic layout of the pipeline is shown in figure 2.1.
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Figure 2.1: Branched distribution network Geometry.
B. Gridiron Distribution Network
In this geometry of pipeline, the all the streets are perpendicular to each other. This is
recommended for urban centres where demand for water is high. The source is situated at
the centre of the system with at least two pipes proceeding from the source. It is more
efficient than the branched system in that a faulty in one pipe will not affect the total
stoppage of water distribution in the network. It is however more expensive to build and

maintain in actual practice. A layout of the gridiron pipe geometry is shown in figure 2.2.



SOURCE

Figure 2.2: Gridiron Distribution Network Geometry.
C. Ring and Radial Pipe Geometry
These patterns of pipe arrangement occur where a circular arrangement of streets is
proposed for development or in existence. It is similar in many respects to the gridiron as
the source is situated in the middle of the distribution system. A minimum of two pipes is
usually connected to the source as shown in figure 2.3. This pattern is aesthetically

pleasing and can invoke tourism potential in the place of construction.
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Figure 2.3: Ring and Radial Distribution Network Geometry
1.3 REQUIREMENT OF A GOOD DISTRIBUTION SYSTEM
i.Should be capable of supplying water at all the intended places within the city with a
reasonably sufficient pressure head.
il It should be capable of supplying the requisite amount of water for fire fighting
during such needs.
iii. It should be cheap with the least capital construction cost
iv.The economy and the cost of installing the distribution system should be cost
effective.
v.It should be simple and easy to operate and repair thereby keeping the cost andother
issue at the minimum.



Vi.

Vii.

viii.

It should be safe against future pollution of water. This can be achieved by keepingthe
water pipeline away from sewerage and drainage lines
It should be safe as not to cause the failure of pipeline by bursting etc.

It should be fairly water tight as to keep the losses due to leakage to the minimum

MODULE 2.0 Elements of Water Distribution

Urban water distribution is composed of three major components: distribution piping,
distribution storage, and pumping stations. These components can be further divided into
subcomponents, which can in turn be divided into sub-subcomponents. For example, the
pumping station component consists of structural, electrical, piping, and pumping unit
subcomponents. The pumping unit can be further divided into sub-subcomponents: pump,
driver, controls, power transmission, and piping and valves. The exact definition of
components, subcomponents, and sub-subcomponents is somewhat fluid and depends on
the level of detail of the required analysis and, to a somewhat greater extent, the level of
detail of available data. In fact, the concept component-subcomponent-subsubcomponent
merely defines a hierarchy of building blocks used to construct the urban water distribution
system.

o Subsub-components. Subsubcomponents represent the basic building blocks of
systems. Individual sub-subcomponents may be common to a number of subcomponents
within the water distribution system. Seven sub-subcomponents can be readily identified
for analysis: pipes, valves, pumps, drivers, power transmission units, controls, and storage
tanks.

o Subcomponents. Subcomponents representing the basic building blocks for
components are composed of one or more sub-subcomponents integrated into a common
operational element. For example, the pumping unit subcomponent is composed of pipes,
valves, pump, driver, power transmission and control sub-subcomponents. Three
subcomponents can be used to evaluate the reliability of the urban water distribution
systems: pumping units, pipe links, and storage tanks.

° Components: Components represent the largest functional elements in an urban
water distribution system. Components are composed of one or more subcomponents.
These include distribution piping, distribution storage, and pumping stations. Distribution

piping is either branched or looped, or is a combination of branched, and looped.
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Figure 1: Relationship between component and subcomponent of a distribution

system

2.1

Pipe systems and pipe materials

The manner of connection of pipes within the distribution defines its pipe system. This

usually stems from the source of pressure or cause of head differential causing water to

flow from one point to another. The pipe system conveys water through conduit powered

by either pumps (pumping pipe system) or by gravity (gravity pipe system).

Pipe materials:

The following are the various materials which are used for pipes:
i.

i.
ii.
iv.
V.
Vi.
Vii.

viii.

2.2

Cast iron pipe

Asbestos cement pipe

Cement concrete pipe

Copper pipes

Galvanised iron pipes

Lead pipe
Plastic pipe
Steel pipe
Wood pipe
Wrought iron

Operation of Water Distribution System

The operation of water distribution system can be divided into 3 operations: hydraulic

operations, water quality operation and emergency operation.



2.2.1 Hydraulic operation

This has to do with defining the right speed and head of flow of water in this distribution
system to avoid sudden burst of pipes. For systems whose operations are based on
pressure, operators typically operate pumps and possibly valves so that system wide
pressures are maintained within acceptable limits. Although what is considered to be
acceptable may vary from system to system, pressures in most cases should be kept
above 207 kPa (30 psi) and below 689 kPa (100 psi) during normal operations. Pressures
much greater than 689 kpa (100 psi) tend to waste water through leaks and could damage
residential and commercial plumbing systems or possibly cause main breaks. A pressure
of 207 kPa (30 psi) allows water to be supplied to the top floors of a multi-storey building.
Depending on the nature of the water supply system, minimum pressures greater than 207
kPa (30 psi) may have to be maintained at certain locations within the system. If the water
system sells bulk amounts of water to an adjacent community, that community may require
the water to be supplied at a minimum pressure of 345 kPa (50 psi) or higher. Operators
must consider such unique circumstances in their operating decisions. Flow also can be
used as a parameter to control a water distribution system. Many systems measure flow at
pumping stations and at interconnections with other systems. What constitutes an
acceptable range of flows generally is be dictated by the nature of the water distribution
system. For example, if the purpose of the system is to sell bulk amounts of water to
neighbouring communities, operators need to ensure that sufficient volumes of water are
delivered to the system's customers. In addition, the water may have to be delivered at or
higher than a specified pressure. Flow and pressure are directly related to one another.
When the flows in a pipeline increase, the pressure at the end of the line will decrease.
Therefore, although some operators may operate the system according to pressure, one
also can think of those operators as operating the system according to flow. In other
words, when the pressure in part of the system falls below acceptable limits, it does so
because the usage in that part of the system is most likely to be high. Consequently, flows
and pressures into that part of the system must be increased by placing a pump into
service. Operators also can control valves to direct water to areas where it is needed, but
this usually is not done in municipal water distribution systems. Among the more important
parameters that an operator monitors is perhaps the water level in system tanks. Tank
levels can provide an indication of the overall pressure throughout a pressure zone or
even the entire system. Generally speaking, the higher the tank level, the higher the

system pressure. In fact, operations in many systems are based solely on tank levels. For
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example, over time an operator may have developed an intrinsic feel for system wide
pressures as a function of the level in one or more storage facilities. Operators must
ensure that sufficient volumes of water are stored in tanks at all times in the event of an
emergency, such as a fire, power failure or source outage. In fact, common operating
practice in the recent past (and possibly even today in some systems) was to keep storage

tanks as full as possible at all times.
2.2.2 Water Quality Operations

In recent times, much attention has been placed on the need for good water quality in
distribution systems. This increased awareness has been driven in part by new federal
regulations mandating that water-quality standards must be met at the customer's
designations. Operations provide a great opportunity to affect water quality in existing
distribution systems. For example, through their actions, operators can directly influence
tank water levels and pumping operations. Through these actions, they may be able to
bring fresh water from a treatment plant and direct it toward a certain part of the service
area. Operators generally do not operate valves within the system to direct water to
specific parts of the system. However, in the future such an approach may offer more
control than traditional means of operating water distribution systems. In the near future,
more water supply systems may consider using in-line booster disinfection stations or
possibly even mini in-line treatment plants in an effort to improve overall water quality in
the system. Because these elements are located within the distribution system, their
operation will become the system operator's domain. Chemical feed rates would be

monitored and controlled by the operator to maximize water quality.
2.2.3 Emergency Operations

The real reason human operators are used in larger systems is to respond to such
emergencies as fires, main breaks, source contamination, source outage, or power
failures. Operators must be able to respond to any emergency that arises and ensure that
system performance remains at an acceptable level of service. During fires, operators may
place more pumps into service to deliver higher rates of flow out into the system. During a
power failure one of the operator's tasks may be to place a diesel or natural gas generator
into service so that pumps can continue to operate. For many systems, however, backup
generators automatically enter into service when a power failure occurs. During

contamination of a source, the operator may have to close valves to isolate part of the



system. Needless to say, emergency operations are an extremely important component of

the operator's duties.
MODULE 3.0 Critical Appurtenances in Water Distribution System

The critical appurtenances under consideration are valves, fire hydrants and the water

meter.

3.1 Valve

Valve is a device that regulates controls or directs the flow of a fluid by opening, closing, or
partially obstructing fluid flow. It is a mechanical device that controls the flow and pressure
of fluid within a system or Process. So basically, it controls flow & pressure. Some of the
examples of valves include

1) Gate Valve

2) Globe Valve

3) Check Valve

4) Plug valve

5) Ball Valve

6) Butterfly Valve

7) Needle Valve

8) Pinch Valve

9) Pressure Relief Valve

3.2 Fire hydrant

A fire hydrant is a visible fixture placed inside or outside a building, parking area, industrial
area, mine, roadside, etc. that is connected to the municipal or a private water service
network. Fire hydrants are designed to provide the water required by fire fighters to
extinguish a fire. Two types of hydrants may be distinguished in a water distribution
network, they are Post hydrant which projects about one metre above the street surface

and Flush hydrant which is level with the surface of the street.

In most cases, a fire hydrant is the primary method of fire fighting in a municipal area. It is
basically an outlet with a valve that provides water to the fire pumps or fire trucks engaged
in fire fighting. Regulations for keeping operational fire hydrants at specific intervals and
with free access in buildings, factories, urban and developed areas are an important

component of fire control and safety.



Fire hydrant

3.3 Water Meter
A water meter is a device used to measure the flow of water through an outlet. It is usually

employed for stipulating water charges and enabling cost recovery.

Water meter used for costing
3.4 Pumps
A pump is a machine that is used to lift water to a high elevation in a distribution system.
Pumps are also employed to lift water from the aquifer system or surface water reservoir to
elevation tanks. Pumps and turbine constitute the two hydraulic machines that
considerably impart and extract energy from fluid in motion. While those in which work is
done on the fluid are known as pumps, those that extracts energy from the fluid are called

turbines. The process of energy transfer can be achieved by either positive displacement
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or rotodynamic action. In the first case, a volume of fluid fixed by dimensions of the
machine enters and leaves it at a frequency determined by the speed of operation of the
machine. In the second case, the flow is continuous through an impeller whose torque is
equal to the rate of change of angular momentum of the fluid.
3.4.1 Types of Pumps
There are several of classifying pumps depending on their functions, names of inventor
among others. For this discussion, pump will be classified into:

1. Roto-dynamic pump

2. Positive Displacement pump.

Rotodynamic Pump Positive Displacement Pump

3.5 Storage Reservoir
The storage reservoir comprises the compartments for storing the water. Storage reservoir
made of steel and concrete are popular in water distribution systems. They may also be

classified into elevated reservoir and ground reservoir
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Steel Elevated Tank Concrete Elevated Tank

Eaale Tanks wes_

MODULE 4.0 MAINTENANCE OF PIPES, PUMPS AND FITTINGS OF WATER
DISTRIBUTION SYSTEM
4.1 Pipes

The maintenance procedures of a pipe are outlined below:
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Figure 1: Structural failure mode of water pipe
Check for pipe leaks through appropriate active leak detection methods at regular
intervals.
Flush pipes to remove accumulated sediments, especially those pipes where low

velocities are likely to occur such as dead-end pipes.
A rule of thumb of three failures in the life of a pipe section is sometimes used as an

indication that this point has been reached and the pipe should be replaced.
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4.2 COMMON OPERATION AND MAINTENANCE TASK

Locating pipes

Changes in pipe direction, including bends and T-junctions, should be marked with pipe
markers so that it is possible to effectively locate a pipe for maintenance or expansion
purposes. Valve boxes and hydrants may also be useful markers for the location of a pipe.
In addition, as-built drawings should accurately indicate the location of pipes and other
components. Where the above methods are not available, pipe location techniques may
be useful to avoid unnecessary digging. The following techniques are available:

« Steel pipes may be located using electromagnetic metal detectors, sometimes inducing
a signal into the pipe from a valve or hydrant that may be picked up by an above-ground
sensor.

* Other methods include ground-penetrating radar, sonic wave methods and infrared

thermography.
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» Excavating across the line of the pipe is a technique that may be used if other
techniques are not available or fails. Care should be taken not to cause damage to the
pipe with a pick or shovel during the digging process. It is a good idea to get different
suppliers to demonstrate their equipment on a known section of pipe to ascertain their
effectiveness before deciding on a system to purchase.

4.3 Locating leaks in Pipes

Various techniques exist for finding leaks through active detection. Some methods are
better suited to certain pipe materials and diameters, and whether the pipe has service
connections on it or not. The main techniques are briefly explained below, and
recommendations for methods to use are given in Table 15 and Table 16 i:

» A. Gas injection. In this method a gas detector is used to find the presence of a tracer
gas that has been injected into an emptied pipe. Hydrogen is the most common gas
employed, but helium can also be used. A probe is used along the route of the pipeline to
detect gas released through leaks in the pipe.

* B. Manual listening stick. A stethoscope or listening stick with an earpiece is pressed
against fittings to listen for nearby leaks in the pipe.

» C: Leak noise correlation. Leak noise correlators work by comparing the noise detected
at two different points on the pipeline. The times that a noise signal reaches the respective
sensors are used to estimate the location of the leak on a pipe. Noise correlators will also
pick up non-leak sources of noise, and thus the existence of a leak should be verified, for
instance using a ground microphone. Two types of noise correlators are used:

° D: Accelerometers. In this method, two accelerometer sensors are deployed on pipe
fittings on either

side of the suspected leak position. This method is most effective on metallic pipes.

° E: Hydrophones. Leak location with accelerometers is harder in plastic pipes due to
their higher elasticity,

and in large diameter pipes due to the higher diameter to wall thickness ratios.
Hydrophones are placed in

contact with the water, for instance at hydrants, and pick up the noise signal directly from
the water.

* F: In-line detection techniques.

These techniques are suitable for large diameter pipelines. Probes are placed in the pipe
and pick up leak noises as they pass through it. Tethered and free swimming systems are
available.
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» G: Leak noise loggers are placed on fittings and pick up the noise created by a leak in
the pipe.
44 Repairing leaking pipes
The following steps are used to repair a leaking pipe:
1. Locate the failure from an external sign such as a water jet or wet area of soil, or from
specialized leak detection equipment.
2. Close isolation valves in the system to isolate the leak. Clearly mark each valve that is
closed, for instance on a worksheet or with a physical marker such as danger tape on the
valve itself.
3. Ensure that the work area is safe for working using appropriate signs, barriers and
traffic diversion measures.
4. Excavate the failed pipe section while ensuring worker safety and avoiding further
damage to the pipe.
5. Use an extractor pump capable of handling sludge to drain water from the trench.
6. Repair the failed pipe using an appropriate method:
a. For a small leak, a repair clamp may be fixed over the leak to seal it. Small leaks in
steel pipe may be welded closed.
b. For a more extensive leak, the damaged section of pipe is cut out, a new section of
pipe installed using appropriate connectors. PVC is often used for the replacement section
and special fittings are available to connect PVC to other pipe materials. Note that AC
pipes should not be cut — rather replace a whole length of pipe.
c. Replace a whole length of pipe if damage is extensive or it is clear that the pipe is bad
condition and likely to fail again.
7. In all cases, ensure that exposed and new sections of pipe are carefully cleaned and
disinfected. Take special care to ensure that any solids that may have entered the pipe
during the repair are removed.
8. Slowly open one or more of the closed isolation valves as well as a hydrant or valve to
allow air to escape from the system.
9. Ensure that all isolation and scour valves opened or closed are reinstated to their
correct state.
10. Flush the section using a hydrant to ensure that any contaminants and solids are
removed.
11. Once the section is under pressure, inspect the repairs for leaks.
12. Reinstate the pipe bedding, blanket and backfill using appropriate placing and
compaction methods and materials.
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13. Reinstate and clean the area where the excavations were done.
Table 1: Recommended leak detection techniques on pipe without service connection

. - Small diameters Large diameter pipes
Riegmeted! (75 — 400 mm) (from 300mm)
Metals 4B, C.DFG C.D,E
AC 4,CD E
PVC AD
Polyethylene AD

Table 2: Recommended leak detection techniques on pipe with service connection

. - Small diameters Large diameter pipes
RS EEERE (75 — 400 mm) (from 300mm)
Metals A,B,C D FEG C.D,E
AC ACDFG
PV 4,0,FG E
Polyethylene ADFG E
45 Pumps

Health and safety requirements are very important in pump stations, including not wearing
loose clothing, preventing accidental contact with moving equipment, switching off
electricity when working on electrical equipment, ear protection and ensuring that pumps
are completely switched off (and cannot be switched on automatically) when working on
them. Backup power supply should be tested regularly to ensure that it is in good
operating condition and starts up automatically. Backup engines should be run for at least
one hour a month to lubricate all internal parts and ensure that batteries are fully charged.
Switchgear on engines and generators should be checked regularly for correct operation.
4.5.1 Common Operation and Maintenance Tasks

It is useful to check whether a pump is still operating on its original pump curve. To do this it is
necessary that the flow rate through the pump and the pressures on both the suction and delivery
sides are measured. Ensure that the flow meter and pressure gauges are in good condition and
accurate.

Operate the pump and take readings on the flow meter as well as the two pressure gauges.
Determine the pumping head by subtracting the suction pressure from the delivery pressure (if the
suction pressure is a negative it will thus be added). Then plot the flow rate and delivery pressure
on the pump’s head-flow curve that should be on record, or can be obtained from manufacturers. If
this point plots on or close to the original pump curve, the pump is still operating on its original
curve. It is possible to obtain a few points on the pump curve in this way by throttling a valve on the

delivery side of the pump and then repeating the procedure above. If the power consumption of the
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pump motor can be measured, the efficiency of the pump can also be calculated and plotted. If the
measured heads and flow rates do not plot close to the original pump curve, further investigations
are warranted. A first step must be to verify that the flow and pressure meters give accurate
readings. If the problem persists it may be necessary to service the pump or have the pump curve
verified commercially. If pump flow rate varies, for instance when used under different operational
conditions or pumping directly into a supply area, the operating point of the pump should be
determined under the different conditions. The different operational efficiencies can then be

determined by plotting these points on the pump curve.

4.5.2 Common Pump Problems

Table 2 gives a useful description of common pump problems, possible causes and
remedies, developed by the Southern African Pump Systems Development Association
(SAPSDA, www.sapsda.co.za).

Note that work on pumps can be very dangerous, and thus it is critically important to obtain

and follow all applicable safety guidelines before doing any such work.

Common pump problems, possible causes and remedies (SAPSDA, www.sapsda.co.za)
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SYMPTOM PROBABLE FAULT REMEDY
Pump does not Irpeller rotating in wrong direction. Reverse direction of rotation by swapping
deliver liquid twophases on the ekaricalsumply.
Punp nct properly peirred -airorvapour | Stppunpand reprire.
bk in suction line.
Inketof suction pipe isuflicienthy Increase suction depth of suction pipe toat
sibrrened and sucking 3 yortex in the kat3 xdameter of suction pipe.
water.
Air leaks in suction line orgland Male good any leals or repackgland.
amangement,
Purp nat up o rated speed. Increase spead.
Deliverdsuction vabe throttied or not fully | Checkyabe pasition.
opened or conpletelvshut,
Pump does not Airorvapour kck in suction line. Stppunpand reprire.
deliver mted
quantity Inketof suction pipe isuflicienthy Increase suction depth of suction pipe toat

sibrreged and sucking 3 wortex in the kst xdameter of suction pipe.

rater,

Punp nat up 1o rated spead. Increase spead by adjusting drive puliey
ratios or use a varable spead drive.

Airleaks in suction line orgland
amanjerent.

Male good any leals or repackaland.

Foct vabe orsuction strainer choked.

Clean foot vabe orstainer,

Rastriction in delivery pipe work or pipe
woek incorect

Clearcbstruction or rectify error in pipe
work.

Head underestirnated andior punp
incorrectly selectad.

Check head Isses in delvery pipes, bends

and vabes, reduce kxsses 2 requined of
reselect punp o required dalvery rate.

Undtsenved kak in delvery.

Exarine pipe work and repair leak

Biockage in impeller or casing.

Rerrove half casing and clear cbstruction.

Exiess v wear at neck rings or wearing
phatas.

D& mantle punp and restore dlearandes to
oriinal dirrensicns.
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SYNPTOM PROBABLE FAULT REMEDY
Impedber darna0ed of vane anges notto Cisnande pump 3 renay impeder of
speification. rematineyae anges
Pump gaskets lesking. Ry dective gashets,
suction'ddivery of non retum vdves fadty | Check vabes for defects replaceif
of notfuly open, MEcEssany.
Pump does not Impdber rotating in wrong directon. Feyasadrecton ofrotaton by swapping
o=nerate its mted tyao phasss on thedec vicad aupply.
dzlvery prssure
FPump not up 10 rated spesed. InTesse speed by adustng drive pulley
ratios of use 3 variable speed dive

Imnpdber reck rings yaorn exosssinely.

Cisnande pump d restoreckaranoes ©
orignd dmagions.

Impdber danna0ed o choked.

Cisnande pump 3 renay impeder of
dexr Hodage

Pump gaskets lesking.

Fereay dafective gachets,

Pump bses liquid
afterstarting

Suction bre not fuly primed - air o vapour
lodk in suction e

S1op punp and rgrime

Inletof sodton pipe nafidendy
abmerged.

InTesse auction dpth of auction pipeto at
lezxt 3% damets of ucton pipe.

oir lezks inauctonlineor gad
Aranganent.

Mae good arw lesks of renay gand
pading.

Liqid s2d © gand ar ngement|anem
ring (it odfios dhoked.

Cleen out liquid sed aupply arfice.

Lanem ring not peopes by boc ated.

Urpad gand and rddocae [atemiing
under apply onidics.

Pump overloads
driving unit

Pump gaskets lesking.

Ry dective gashets,

Sefious le inddvay line pump
dddivesring more fianits rated guand by,

Repar lesk or dobe thepump vih the
ddwayvdwe to gare hatitnrs onits
arwe

spesd ©o high.

Raduoe speed.

Besrings daective

Replace beering.
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SYMPTOM

PROBABLE FAULT
Impeder nedk rings worn excessively.

RENMEDY

Cemartiepunp and restore dearanoes ©
oignd dmensiors.

dand pading o tight. S1op pump, dosaddivery vaveto rdieve
inemd presarecn packing daden bak
te dand ruts and retighien o linoe 1ght
s,

Impeder damaged. Demantlepump and ranesy
impsles.

Mechaicd tghtness atpump inema Cemantiepump, dwed nemd desr e

COmponants. and adus tas necessay.

Fipe yaork exe1ng stran on pump. Deoonnec tpipe vwork 3vd redign to pump.

M digrmentbetyea drive and pump. okgn pump and drive

Pumping a productwit a difierent darsity | Chadk for what liquid the pump v

than what te pump ywas designed T designed for. Change the iquid produc tor

{ddoe vs water). change te pump.

Baarings wear Punp and driving unitout of digrment. D oonnec tooupling and redign pump and

divngunit,

Rotetng danentshaftbent Replanish wit correct grade of ol of drain
down 10 correct ke

Cirtin beerings. Cran outbesing fush trough beaings;
redill with comect grade of ail.

Lak oflubhcaton. Cemantie deesn out and sh trough
beFings; refd with correct grade of ail.

Beering badyirstdled. Cran outbeaing fush trough and redil
vath comectgrade of ol . Dateminec e
of contamination avd rect).

Fipe yaork exa1ng stran on pump. Ereure hiat beerings ane comec 1y baddad

© ther joumas vith 2 correct amount of
ol daaranoe. Renay beaings ifneosssany,

Deterioration of te oil bbricatng
propa 1es doe oingess of drt maisre
and encessive haat

Clean cutold gresse and repad with
correctgrade and amount of grease.

Encesswevibeaton.

Deoornec tpipe ywork and resign to pump.
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SYMNPTOM
Bxcess e vib ration

PROBABLE FALULT
0 o vpour lodk in suton.

RENEDY
S10p pump and repeime

Irdet of suction ppe ireufliciendy
abmaged.

In esse auction dgpth of suction ppeto
atlexst 3% damets of suction pipe

Pump and dising unit incomecty dgned.

Disoonnectcouping and redign pump and
diving unit.

e of locse bearings.

Cisnatieand renay begings

Impdla doked or damagad.

Cismatiepump 3 chear or rensy
impsles.

Rot3ing demantshaft bant.

Cisnatepump d svaghen o
renesy shaft,

Foundaton not rigid o basepl 2 holdng
dovan boits loces

Remone pump, stangthan te tundaton
and reiretd| pump. Tighten holding down
bl ts and fit lodk ruts.

FoundatonPump plint notlarge encugh.

Foundation' pump pinth © be indeased

© roughly 5% e waght of fe pump and
mote combinaton.

Cavitaton doz ©implosion of ar bubbles.

Ereure that feneis asfiicient NP (et
Positve Sucton Height) vail ble Bring
e pump chssr © he axton arfxe

FoundatonPump plind notwide enough.

Crop avatcd line fom e cener of
e motog two lines rad ing cutthiy
dagress fom this cenerdine shoud pass
trough te basepl e not te sds of
te fundgion.Increxse the widh of te
foundation.

Coupling dam aged.

Rereay coupding.

Hamoric wbeation from nearty
eqipment

Fipework ensrting s¥an on pump.

shaftdigrmentout.

The pump, of one of its components can
wbeatein harmory with anoter piece

of equipmentlocaed in dose peokimiy.
Isol e e wibeation by irstling vibeaton
danpess.

Disconnectpipe work and reslign to pump

Re-dan.
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SYNPTOM PROBABLE FAULT RENMEDY
B2aring overhaating Pump and diving unit cutof dignment. | Qsconnect coupling and redion pump ad
diwngunit
il b 100 loww o too high, Rephenish with correctgradeof of or drain
down 10 correctlend
'Wrong grade of ail. Cran out beaing fush trough beerings;
redil wit comect grade of ail.
O tin baaings. Qamante, chean out nd fush trough
beerings; rlil with correctgradeof ol
Moisrein ol Cran out beaing fush trough and redil
vat comect grade of ol . Cetamine cause of
cortaminaton and rectify,
Baxings 1o 1ght Ereure hiat beerings arecomectly baddad to
tair joumias with e correct anount of ol
desranoe. Renay beaings ifneosssany
Too mudh greasein baaing. dean outald gresse and repads vith comect
gade ad anount of gresse,
Fipavork exsrting stan on pump. Qsconrect pipe ywork and reddign © pump.
Irreqular delmery 0 of vapour lod insudton line Stop pump and regeme.,
Fadtin divingunit. Examine driving unit and mabe good any
defiects,
0 legks in suction line or gand. ke good arw lesks of repad gand.
FranEmat.
Irdet of auction ppe ireufliciendy InTeze axton dept of sudton pipe © at
inmnes sedinliquid. kst 3 x dameter of aucton pipe
suctoniniet mesh blockad o dirty . dean autoniniet
Bucess e mose kel 0 oevapour lod insucton line Stop pup and reprme.

Irdzt of auction ppe ireufliciendy InTeze axcton dept of sudton pipe © at
abmaged. kst 3 x dameter of aucton pipe
0 lesksin suction line of gand ke good ary lesks of repadk gand.

arangement.
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SYNPT O

PROBABLE FAULT REMEDY

Pump and diving unit cutof dignment. | Qsconnect coupling and reakign pump and
diwngunit.

orn of loose baaings. Qsmanthe and rensay beerings.

Rotating dementshaft bant. Qamnantie pump, staghen of renay shaft,

Foundaton o baspl e not rigid. Remone punp and diwng unit stengthan
fundaton.

Cavitaton doz ©pump not operatng | Throtte e pump dedivay vadve to frcethe

onits designed duty paint. pump bak onoits operating ouve Sdect
Fwotes pump to fitwih thereguired duty,

Waerhanmer doeto audden pump Cesign pipedine and pump station

stoppage. Sudden vave doaure, et COMponEnts 1o minimia2 wata hamme
O POESILN 5 Of T sn a0 s presare 1©
Fmosphene by medhanicd mesrs.

Mechanicd sl ar aganenthas come | Stop e pump and replace te seat.

loose from thepump shaft. Remachine pump shaftin caee of sefous
danae.

Mechanicd sl faoes aerunning dy | Breure hiat e pumpis Uy pamed and

caxing ahighpitched whisting noise. | aroid nunning the pump without water o
N in the wive.

The pumpis beng opg aed 3 3 moid opa ton of thepump 2 te aiticl

aiticd speed. (0ry chjectmade of an | speed of e hatthere e arflident

dastic marenid has anatord pod resYaning mesunes in place to dal with the

ofvibe dion. atthe speed atwhich urbadanoed foroes,

e centrifugal foroe emoseds te

dastic restoring forosr e rotating

dementwil wbe e = tooghitwere
sefiousdy unba wced - ifitrurs atthat
speed witout restaning Toross the
dafection vall cordrwz urdl e shaft
fak)

4.6

4.6.1 Valves

Maintenance of fittings and other appurtenances

The main types of valves found in a distribution system include: :

1. Isolation valves
2. Air valves

3. Scour valves
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4. Non-return or check valves
MODULE 5.0 Control valves
5.1 Isolation Valve Maintenance
Maintenance requirements of isolation valves include the following:
* Valves should be inspected and maintained on regular bases, but at least once a year.
Gate valves should be checked for leaks around the stem and flange gaskets. Nuts and
bolts should be tightened, avoiding over-tightening. The valve body should be cleaned and
corrosion protection applied when necessary. The valve stem and nut should be
lubricated. Seals and gaskets should be replaced every five years.
* |solation valves should be exercised (opened and closed) at regular intervals to
ensure they are operational and don’t get stuck.
» Valves with gearboxes should be serviced once a year, replacing gland packing and
cracking the valve (close it slightly before opening it again) at least once a year. However,
critical valves in the system should be inspected at more regular intervals to ensure they

are ready should it become necessary to operate them.

5.2  Airvalves

Air valves experience two common problems: blocking of the orifice and the floater getting
stuck. Thus air valves should be checked at least every six months and maintained at
regular intervals. Air valve should never be isolated or removed from the pipeline while the
pipe is operational as the absence of the air valve may result in damage to the pipeline.

It is recommended that spare air valves be used to immediately replace valves removed
for maintenance purposes. The removed valve can then be opened, cleaned and
lubricated in a workshop. Corrosion on the outside of the valve should be removed and the
valve sealed with appropriate epoxy paint.

Air valve chambers should be regularly inspected to ensure that air valves are not
submerged by rainwater or a pipe leak, their isolation valves open, the valve chamber air
vents open and insect screens intact.

5.3 Scour Valve

Adequate erosion protection should be provided near the valve to avoid damage by the
drainage water. The scour valve should be inspected, cleaned of plant material and debris,
and tested at least once per year.

5.4 Non-Return Valves

Non-return valves generally have to be removed from the pipe for inspection and

maintenance work, but don’t need much attention. However, it is important to check that
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they still seal well from time to time, particularly on pump bypasses where a leaking non-
return valve can cause significant reductions in pump efficiency.

5.5 Control valve

These valves are used to control pressure in the distribution system. They include
pressure reducing valve, pressure sustaining valve, flow control valve, level control valve,
surge control valve and pump control valve.

Control valves must be kept clean from dirt and insects, especially the breather holes on
the valves and pilots. They should be inspected at least twice a year (more for large

control valves) and serviced every three years.

e L

Control Valves
5.6 Maintenance of Fire Hydrant

1. Hydrants in high fire-risk areas should be inspected on a regular basis and in other
areas annually to ensure they are ready to perform in case of a fire emergency.

2. Hydrants should be serviced and their flow rate checked to comply with the required
flow rate at least once per year. Obstacles and plants around hydrants should be
cleared. The hydrant box or chamber should be cleaned of sand and debris, and the
valve opened to check that it operates correctly. Stems and nozzles should be
checked and flange bolts tightened if necessary. The hydrant body should be cleaned
and corrosion protection applied if required.
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