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NEED FOR A PREVENTIVE MAINTENANCE PROGRAMME

1. INTRODUCTION

Need for Preventive Maintenance is well established "Prevention is better than
cure'". Advantages of Preventive Maintenance are also well known. These include

(a) Economic Benefits

(b) Stability in supply

(c) Increased life of Plants

(d) Reduced Downtime

(e) Safety of Plants and Operators

(1) Ensuring quality of water

(g) Efficient Working

(h) Management's confidence ( in ensuring safe, efficient and

uninterrupted Water Supply )

(1) Consumer's Satisfaction

In short, for any Water Supply Scheme, Preventive Maintenance is an 'Absolute
Necessity'. It is a 'Pre-requisite'. 'Wait a complaint' system: of Maintenance
has no place in Modern Management.

2. PREVENTIVE MAINTENANCEN OF WATER SUPPLILS -
A PRIMARY HEALTH CARE

Publications reveal that about 40% of the diseases in the developing countries
are water borne. Water supplied by ill-maintained piped water sypply systems,
quite often, is partially or wholly either unsatisfactory or suspicious. Such schemes
are sometimes implemented with the help of other countries or UN agencies.
Writer has seen reports where in some cases donor countries/Agencies have felt
that if this is condition of maintenance, it was better if they had not contributed
in construction of these schemes. Preventive Maintenance of these water supply
schemes will go a long way in enabling these plants to produce and supply water
of acceptable quality and in turn reduce water borne diseases. Good Preventive
Maintenance is in fact - 'A Measure of Primary Health Care' United Nations
Agencies like WHO,UNICEF and several donor countries are giving substancial
assistance, technical and financial to various developing nations to promote 'Primary
Health Care'. There are reasons to believe that once Piped Water Supply System
ensures supply of water of reasonably good quality, primary health of people is
automatically taken care of to quite some extent. Thus, only construction of
new water supply projects is not sufficient, its proper maintenance speccially
Preventive Maintenance is essential to improve health of people.



3. PRE-REQUISITES TO PREVLNTIVE MAINTENANCE

Soon after commissioning of a new water supply scheme, its preventive maintenance
should start. In case Preventive Maintenance is started of ‘an old scheme, rehablit-
ation of existing works is a pre-requisite. Experience has shown that in many

countries (Specially developing ones), Water Supply Plants/Works/equipment
sorne  times :

(a) Are damaged beyond reasonablc repairs.

(b)

Have outlived their life, but are found to be still working inefficiently
with frequent breakdowns.

(c) Are undersized.

(d) Have in-adequate instrumentation and metering.

Before practising a good preventive maintenance programme, it 1S necessary
1o rehablitate all such plants/ works/equipment after identifying them. Where-ever
necessary additional works be done and insiruments/meters provided. A programme
can be designed which may include preparation of inventory ot all such items.

Necessary works in respect of these must be done for a result oriented preventive
maintenance programme to follow.

4. OTHER PRE-REQUISTIES

(a) Staff recruited for operation and Maintenance should be intelligent,
qualified, trained and knowledgeable.

(b) Their professional status should be regularly improved through proper
training and Refresher Courses.

(©) Adequate Funds.

(d) Controlled inventory of spare parts, consumable and Scrvicing material,
tools and instruments.

(e) Proper Recording System.

(f) Good House Keeping.

It has been realised at every level that newly constructed systems, how-so-cver
well designed and constructed must be maintained well to ensure safe, cificient
and uninterrupted water sypply to people. But at the same time it niust be uccepted
that it is possible only when their basic design is good and these have been construc-
ted with best material and high workmanship. Design and construction should
be such so that its maintenance is simple and could easily be done by the ivaal
staff available. Large sums of money have been spent and will be spent i future
also for constructing new water supply schemes. It is essential that imnec ate
consideration is given through such seminar: to ensure their maintenance and



(3)

correct the existing condition of malfunctioning of several plants in various
countries.

5. COMPONENTS OF A PIPED WATER SUPPLY SYSTEM

Every item of a piped water supply system needs preventive maintenance. These
need be identified and categorised for working out convenient systems and pro-
grammes. for correct identification and categorization, inventory of individual
water supply schemes is necessary. However, in absence of that, a general list
covering surface, sub-surface and ground water supplies is given below. Those
not applicable in respect of scheme or a group of schemes can be deleted.

6. | Surface water supplies with full or partial Treatment.

This includes

(a) Intake works

(b) Raw Water Pumping Machinery including Electrical and Appurtenant
works.

(c) Machines tor Ajum dosing and other connected equipments

(d) Sedimentation Tanks and Clarifloculators

(e) Rapid Sand Filters

(1) Slow Sand Filters

(g) Chlorinating Machines

(h) Clear Water Reservoirs - underground, semi sunk and elevated.

(i) Clear Water Pumps and associated equipment

(§)) Transmission Mains and Distribution system - Pipe Lines,
Valves, fittings,etc.

(k) Water meter and metering equipment

(1) Quality control gadgets and apparatus

6. 2 Ground and sub-Surface water supplies include wells both Shallow

and deep, springs and infiltration galleies. Springs are natural and
general hygienic conditions have to be maintained and water quality

constantly monitored. Following will have normal preventive mainten-
ance programmes :
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1. Open Shallow Wells
2. Tube Wells
3. Infiltration galleries.

Other items in such schemes can be selected from list 6.1

7. WATER SUPPLY AND SANITATION DECADE

We are passing through the water supply and sanitation decade. A large number
of projects both for drinking water supply and sewerage are being designed and
constructed the world over. Unless there is awareness and determination for

their proper operation and maintenance, schemes constructed will not deliver
benefits for which these are meant.

8. CONCLUSION

Advantages of Preventive Maintenance have been described above. Looking
to its importance and its impact over health of people, it is both timely and
appropriate to discuss ways and means of supplying more and betier drinking
water to people by practising Preventive Maintenance.



IMPLEMENTATION OF A PREVENTIVE MAINTENANCE PROGRAMME

1. INTRODUCTION

Need for a Preventive Maintenance Programme having been estublistied, problem
before- us is how to implement it. Ways and means of implementing a programme
will depend on size and type also. Field conditions and individual constraints play
an important part and have to be taken into account. It is a continuous’ process
on basis of which breakdowns can be foreseen and anticipatory repairs and replacements
done. For implementing these programmes, motivation should be from the highest
level. Looking to its importance, incentive need be given to those associated with

the programme. The main idea of this paper is to classify and quantify work to
be done and describe the methodology.

2. PREVENTIVE MAINTENANCE PROGRAMME

Implementation of a Preventive Maintenance Programme requires careful planning
and preparatory work. It includes :

(a) Classification of Water Supply Units

(b) Developing a team of Trained Personnel

(©) Preparing System Design and Preventive Maintenance Manuals
(d) Making inventory of items required

(e) Information and Data Collection

(§] Record keeping system

2.1

Size' of a Water Supply Unit is a major consideration in deciding whether
preventive maintenance programmes should be unitwise or in some other way. While
large schemes will have to be divided into districts/areas (if not already divided
to facilitate their management), the smaller ones should be clubbed together to
form a reasonable Maintenance Unit. Broadly following can bé adopted :

(a) Large Schemes - Divide into Districts/Areas (Number will depend on size
and type of scheme)

Alternatively, divide into following stages of Water Supply System :

I. Intake Works
1. Production of Water
I1. Distribution System

Contd ......P/2
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(b) Meduim and small schemes - Make one programme for each

{c) Very small schemes - Make Groups (Number will depend on size and
¢ type of scheme)

2.2 LOCAL RESOURCES AND EXPERTISE

For implementing a preventive maintenance programme, local availability of resource
and expertise is necessary. A report on Saudi Arbia mentions that when breakdowns
occur, repairs are usually not made unless a community is completely out of Water.
In this event, contractors from Riyadh are hired at considerable' expense. In some
cases larger communities have hired foreign technicians to run their systems, but
this has not been successful since they stay for short periods. All this has been
attributed to lack of emphasis on developing local resources and expertise. For ensuring
proper operation and maintenance’ (including preventive maintenance) of public water

supplies, the first problem before the Municipal Officials is the availability of 'Trained
Personnel'.

2.3 System Design and preventive maintenance manuals have been dealt
within the next paper. Adequate inventory of spare parts, T & P (Tools & Plants),
and necessary consumable items are reguired to be arranged in advance.

3. IDENTIFICATION AND INVENTORY

After Preventive Maintenance units have been established as per procedure indicated
in 2.1 inventory of each scheme has to be prepared. For very small schemes 'FORM-1'
is recommended. For small, medium and large schemes, more than one format will
be required. For sake of demonstration four forms have been designed 2, 3, 4, 5. These

forms may not fit in a particular scheme, but can be of assistance to the participants
in preparing these for their individual needs.

4. ~RECORD KEEPING

A proper system need be designed for keeping Preventive Maintenance record. This
matter has been included in the paper on System Design.

5. PROCESS OF IMPLEMENTATION

For discussing the process of implementation, it will be better to consider each
stage of the system mentioned in 2.1. Alongwith this a decision has also to be taken
about formation of Preventive Maintenance Teams - and whether there should be
separate teams doing only this work or this work should be got done by routine
Maintenance and repair crews. Probably in most of cases, it may be considered
better to have separate teams. These separate teams will have a pre-assigned work.
Where the utility is very small and independent it may even be sufficient to get

Preventive Maintenance work done by the crew doing normal repairs and maintenance
work. So there are three ways of doing this work.

Contd.....P/3
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(1) A Separate crew may do the Preventive Maintenance work of several
small schemes.

(2) Depending upon size, there may be one or more Teams to carry out
Preventive Maintenance work in the Utility.

(3) In individual cases it may be found to be more appropriate to get the
Preventive Maintenance works done by the regular repairs and maintenance
gangs. If necessary, these gangs can be strengthened.

6. CONCLUSION

Above process for implementation of Preventive Maintenance Programmes having

been finalised for each scheme or a group of Schemes, Systems will have to be
designed for executing them and this is a subject for discussion of next paper.



L.

2.1

2.2

3.

SYSTEM DESIGN AND PREVENTIVE MAINTENANCE

INTRODUCTION

System Design means Systematization. Systematiztion of any work
is important and more so of Preventive Maintenance. One thing more, how
-so-ever well the system may have been designed, it will not work unless
there is will and determination. A \i’ater Supply System needs constant maint-
enance. Maintenance staff have to keep a vigil and surveillance of the whole
system, and ensure regular inspections. Frequency of maintenance varies,
from hourly to yearly and in some cases even three yearly.

SYSTEM DESIGNS

This work should consist of the following:
(a) Classification and Inventory

(b) Information and Data Collection

(c) Identification of jobs and keeping record of work done.

For Classifying the various items and preparing their inventory. Forms pres-
cribed in the earlier paper are to be adopted with necessary modification

as per requirement in individual cases.
Information and Data Collection should include:

(1) Complete specification of the machinery and equipment.

(2) Addressee of Manufacturers/Dealers/Suppliers of various machinery,
equipment, spare parts, chemicals, Tool and Plants, Consumable items etc.
(3) Addressee of firms/parties who can take up critical repairs-Emphasis
should be given on local resources.

(%) Continuous flow of information regarding inventory to management.
(5 Backfeed information from field.

RECORDING SYSTEM

One of the most important items of work is keeping a proper record
of preventive maintenance done and to keei; a watch whether they are being
done as per time schedule. Simultaneously, on each machine/Equipment/
Appurtenant work, what jobs are to be performed and checks made has to
be identified. It is recommended that comprehensive cards be prepared in
which maintenance jobs required to be done be specified and those done
recorded datewise. These cards may4 be called Preventive Maintenance Cards
or 'PM Cards'. Items for which these ﬁ&ggsbe maintained will vary from
scheme to scheme. In general, PM Cards, for the following are suggéStedz-

P/ 2.



3.1

#.

4.1

5.

(2

($)) Diesel Engines

(2 Transformers

(3) Electric Motors

(%) Oil/Air Circuit Breakers

(5) Starters

(6 Pumps

(7) Clariflocculators

8 Chlorinators

(9 Bleaching Powder Dozers
(10)  Sluice/Non-Return Valves/Pen Stocks
(11) Clear Water Reservoirs

(12)  Air Blowers/Compressors
(13)  Production Meters

(14)  Fire . ‘Hydrants/Scour Valves
(15  Air Valves

(16)  Distribution System

Note: Special System Design is being recommended for Distribution System.

) Experience has also been shown that if a record of Breakdown mainte-
nance is also simultanewely'kept. It is very valuable. This has been incorpo-
rated. Hence thesePM Cards will also serve as running record on work done
whether Preventive or Corrective. One side of the card lists hourly, monthly,
six monthly and yearly PM jobs/checks, while other side has a proforma
for recording works done.

METHODOLOGY

Preventive Maintenance is required to be done in practically all the
items of a Piped Water Supply System. But certain items like moving’machin-
ery, Alum Dozers and Chlorinators wear fast. These should be identified
and PM Cards prepared for them. In small Water Supply Schemes, it is not
necessary to design a code numbering system, but for large ones it is nea -~
ssary.For code numbering separate design is being made available.

For remaining items a separate system Design is being recommended.

RECOMMENDATION

Since it is a Seminar, it will be premature to list recommendations.‘
A document on the recommendations of the Seminar based on the discussions
held will have to be prepared.



World E:z.lith Organigation
ast Mediterranean Region -

PM CARD NO.

Seminar of Preventive Maintenance
Ma rch 22 - 27, 1986

Water Supply Scheme

Statement of Preventive/ breakdown Maintenance

Done on Diesel Engine No,: DEN

Year of Installation

Total Number of Hours Run

Specifications of Engine

Date Description of Work |Initials of |[Signature and
Done Technician Remarks of
who did the |the Engineer
work




DIESEL ENGINE i

HOurly

Monthly

¢ Keep constant watch ever sound, abrupt
change in temperature, leakage of fuel
etc. and any other abnormality.

Check lubricating oil, top up if necessary
Che¢k that the cooling system is in order
and free from obstructions.

s 1,
2.

Je
4.
5e

Six Monthly : 6.

Te

8.

9.
Yearly 10.
Two yearly i1

12.
Note

Clean Air Cleaner,

Check outside muts, bolts, etc., for
tightness ( The cylinder head nuts must
not be tightened when the engine is
hot.)

Check fuel system for leaks,

Clean deposits from exhaust system,
Inbricate the bearings and grease all
nipples,

Check the valve clearance and adjust if
necessary.
Fit new oil filter,

Fit new air cleaner element ( Paper
element type )

Drain sump, flush and refill with new
oil if dirty.

Clean the fuel tank,
Decarbonize

Check the crank sheft bearings and renew
if clearance is excessive,

The above maintenance recommendations are for

average operating conditions, Under very heavy

duty conditions, air cleaners, lubricating oil

and fuel filters will require more frequent attention.



Worlc Health Organization
Bugt Meaiterraneun kegion

PM U&rd,hD.

Seminar on Preventive Maintenunce
March 22 - 27, 1986

STATEMINT OF PREVLNTIVE/ HRIAKDOWN MAINT bNanCE

Name of Scheme *

Clariflocculator wno, CIK

Capacitx‘of Clariflocculator

Year of
Make And Other Specitications Construction
Date Description or work |Signuture of |Signuture &
done Techniciun kemurks oif
who did the sngineer

work




CIARIFIOCCULATOKS

Hourly $+ Check whether System working or not
Kecord timings of desludging in Log Shect
Monthly 3§ 1= Iutricate/ Grease Bearings, Trolley
Wheels

2= Check Reduction Gears, Top oil it
necessary

%= Check alignment and grouting of rails

4= Check condition ot Rubber Tyrecs ot
Wheels (if used)

Six Monthly ¢ 5- Check condition of Steel Tyres
(if used)

6= Check turn table Mechunism, Iuvricate
and do 0il topping it required.

Yearly ¢ 7- Down the claritlocculator,check chains,
sprockets, gear boxes

8= Check steel irame under watexr

9~ Check scruper blades; Tighten Llade
Nuts; Repair or Replace wasted/
corroded/ rusted Blades

10=- Paint all the steel work and equipment,
Portion under water be done with special
Paint suitable ror water submerged
steel grames,

KOTL Yor Preventive Maintenance o1 Motors same
action pe taken as given in Cards for Motors.



World Hezlth Organization
East Mediterranean Region

Seminar on Preventive Maintenance
( March 22 = 27, 1986 ) Amman

Name of Scheme

Statement of Preventive & Breakdown
Maintenance of Transformer No.

Capacity ( Kva and Voltage Ratio ) Year of
Instellation
| Date [ Description of workr Initials of | Signature and
done Technician Remarks of the
who did the Engineer
work
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Trancsformers

Nonthly

Six Monthly

Yearly

5 Yearly

Meke Generezl Inspection and check

Silica Gel.

See if there'is no spilling of Transformer
0il

Top up Transformer 0Oil, Check Temperature
Gauge, Ventiltasting Pij-e and Tap changing
Device,

Check Terminal Boxes - Both H.T. and L.T.
If there is any melting out of compound,

open and redo the joints,

Check Dieletric Strength of oil, Centriduge
or change if and as necessary.
Tighten Bolts and Ruts, Check if earthing

is intack. Change Silica Gel before rziny

s€eason,

Take out care, Check windings repeir if

necessary, over haul cleen &nd reset,
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Name of Scheme

Statement of Provontive and Breakdown

Mzintenance dn: cn Electric Motor No.

Specification of Electric Motor

*.=diterranean Reci::
I reventive Mainter z:.ce,
22 - 27’

Amman

1867

Year of

PM Card No.

Installation

Date

D=scripticn of

Initials of Signature
work done Technician and Remarks
who did the of the
work - Engineer




Electric Motor

Daily (Hourly (a) Keep watch over sound/ vibrations, changes in
or current and voltage, Temperature and sparking
Once in or over-heating of slip Rings.
3 Hours) (b) Record following on log sheet, -

(i) Current
(1i) Voltage
(iii). Power Consumption

Weekly (a) Check and tighten foundaticn bolts.,

(b)  Check all Terminals, Contacts, Sliprings and
Carbon Brushes. Carry out necessary cleaning
Repairs/ Replacements.

(¢) Check Coupling alignment and bolts.
(d) Examine Bearings, Clean, 0il / Grease.

Monthly (a) Blow out dust with Air Blower
(b) Check if earthing is in-tact
(¢) Check Air Gap
(a) Check if rotor is free
Two ¥Xearly (z) Completely disassembly the motor, clean,

replace defective/wornout bearings, carbor
brushes and holders etc. *

() Blow out, clean, revarnish, dry and
reassanble totor and stator.
Note s3- After 10/1% vczrs or after a number of repairs windings
of statatc:i and Rotor become undependable dque to long
life and weathering effect, It is then desirable to cut

the 0ld winding and provide new windings.



Name of Scheme

World Health Organization
East Mediterranean Region

Seminar of Preventive Maintenance
( March 22 - 27,

1986 )

PM Card Fc.

Statement of Preventive and Breakdown
Maintenance dcne on Pump-Centrifuczl No,

Specification of Pump-Centrifugz:

Year of
Installation

Date

Deséription of
work done

Initials of

Technician

who did the
work

Signature and
Remarks of th
Encineer




Pumps Centrifuggl

Daily (Hourly or (a) Keep audio, visual check on sourn<, vibratons,
Once in 3 leakage from glands (glands should be so tighe
Hours) tened that about 30 to 40 drops leak per minut

gauges on suction and delivery sides. Check
temperature specially of bearings and glands
by feel, Note followlng observatioms on log
sheet,

(b) Readings of gauges on suction and delivery
sides.

(c) Readings of Flow Meters = Indicating, Integ-
rating, Recording.,

Weekly (a) Check by hand free movement of Pump and
Motor assembly,

(b) Check alignment of coupling, Rotating Assembly
(c) Check Gland Packing, Replace in necessary.

(a) Check and tighten it necessary coupling and
Foundation bolts.

(e) Ensure that lubricestion system at every place,
whether by oil or grease, is working properly.
Check all grease cups and Lubricating oil
chamers, Top up replace as necessary.

(£) Clean FPoot Valve,

Monthly (a) Check all valves on suction and delivery side
including sluice, Non Return, Butterfly vlve
focr smooth operation, effective closing and
opening, lesskage from gland.

(b) Check accuracy of all gauges anhd flow meters.
Adjust if necesssry.

(c)  Open Insgection cover in the Pump casing(if
provided and take out bolders or foreign
matter entangled in impeller or casing.

Six Monthly (a) Check wear and tear of Bearings, bushes,
sleeves, Replace/Repair as necessary.

(b) Observe shut off pressure.

Yearly (a) Make = thorough general inspection of the Pumg
(b) Test perfcrmance of the Pump as given in
Schedule-11,

(c) In case (2) and (b) demand, open the Pump
comgletely, clean, replace/ repair defective
parts. Impeller, sha€t, sleeves, s€aling
water system, bearings, wearing rings,
stuffing boxes should be carefully examined.



World Health Crganization
East Maditerranean Region

Semir.ar on Preventive Maintenance

in Amman

( March

Name of Scheme

Statement of Preventive and Breakdown
Maintenance of Borehole Turbine Pumping Set No,

Specification of the Pump Set

Year of
Installation

Date Description of
work done

Initials of

Technician

who did the
work

Signature amd
Remarks of the
Engineer




Daily (Hourly or

3 Hourly)

Weekly

Monthly

Yeerly

~Borehole Turbine Pumping Set

Apart from £illing of following inlog sheet
watch lubrication system, The pump may be
0il/ water lubricated. In oil lubricated
pumps, oil should drop @ 2 - 3 drop per
minute,

(1) Voltage and Current

(2) Depth and Pressure gauges.

(3) Water Meter if any.

(1) Check Gland sealing, replace packing
if required.
(2) Check and tighten foundation bolts.
(3) Check moving and fixed contacts of starter

and switch, Repair / Replace as necessary.

(1) Check the Impeller settling and do
re-adjustment if necessary.
(1i) Have a check on the amount of tensioming
required on the shaft tubes,
(iii) Clean and grease motor bearing.
(iv) Check leveling of discharge head.

(v) Blow out Motor.

(1) Re-3do the tube tensioning. Conduct
performance test, if performance is much
below the original test figures, carry out
complete over hauling of the Pump and Motor.

Worn out parts be replaced.



World Health Crganization
East Mediterranean Region
Seminar on Preventive Maintenance
( March 22 - 27, 1986 ) in Xmman

Name of Schems

Statement of Preventive and Breakdown
Maintenance of Submersible Pumping Set No,

Year of
Specification of the Pump Set Installation
Date Description of In:tials of Signature and
work done Technician Remarks of the
who did the Engineer

work




Daily (Hourly or
3 Hourly)

Weekly

Monthly

Yearly

ersi in

Keep watch and mote im log sheet 3=

(1)
(2)
(3)

(1)
(2)

(1)

(2)

Current
Voltage
Depth and pressure gauges

Significant change in sound be analysed,

Check starter specially the over load relay.
Check Moving and fixed contacts of starter

and Switch. Repair/ Replace as necessary.

Check Sluice and non-retum valves for

proper functioning,

Conduct perfommance Test, If necessary take
out the Fumping Plant. Dismentle it. The
moving parts of motor and pump be checked

and replaced if required.

Exanine Eearing and Thrust Plates, Replace
if nececssary. Re-adjust the imp-ellers and

ocouplir g,



wWorld Health Orgarni: -itn

East Mediterranean I ~icn
Seminar of Preventive !._ _rtenance
( March 22 = 27, .05 )
Name of Scheme Pl. Card No,.

Statement of Preventive and Brezkdown
Maintenance done on Chlorinator No.

Year of
Installation
Specification of Chlorinator
Date Description of Initigls cof Signature and
work done Technician Remarks of the
Arrange to Encinecr

lock well




Daily (Hourly or
3 Hourly)

Weekly

Monthly

Six Monthly

Yearly

(a)

(b)
(c)

(a)
(b)

(a)
(b)

(a)

(a)
(b)

(c)

(@)

Gaseour C -rinators (Pressurc/ Grzvity/

Vzcuum Type)

Keep checi: cver leakage of chlorine from joints
and cocks by using Liquor Ammonia White fumes
of Ammonium chloride are indication of leakage,

Ensure adequate supply of water to chlorinator,

Note following in Log Sheet.

I.

II.

Rate cf chlorine doze in Kg/hour and low
Pressure Gauge,

Weight of cylinder in case it is on weight
Bridce.

Check working of solutionizer Tower/ Injector.

Turn cylinder valve and ensure its working.

Check Mcisture Trap, Replace fill if necessary.

Check safety equipment and let operators under

gc the drill in use of safefy apparatus.

Full servicing of the eguipment, including

exaninztion of daphrams, filters, washecrs,
Nuts, High Pressure Pumps, Electrical

equipment etc.

Replacement of weathered Hosecs,

Dismantle solutionizer Tower, ciean and

reassemble,

Open valves and other Part:z., Reassemable
after Servicing,

Paint external parts.



PREVENTIVE MAIN.ENANCE OFDISTRIBULION SiSIEM

1, INTRODUCTION 3

Broadly, Water Supply System consists of Intake works,
Treatment works and Distribution System, But for the
consumer, it is the Distribution System which is the

most significant., Public demand for more and better

water is increasing every day. It is, therefore, necessary
that this part of the water supply system is given due
importance and care. The same Distribution System, if

well operated and well maintained will provide better
service to public, Centinuous or uninterrupted supply

is always preferable, But problem is how to achieve it,

26 Preventive Maintengnce Programme,

Maintenance of a Distribution system is carried out in

two parts, corrective and preventive, For improving the
status of water supply, it is the Preventive Maintenance
which is important, It requires identification of certain
jobs which need be done in a systematic and regular way.

For example, in a system where number and frequency of
leakages is high, a scientitic study is necessary to identify
the causes and make a time scheduled programme for
rectification of defects and shortcomings in the existing
system, Leakages occur due to failure of pipes and their

joints, Causes of 'More and Frequent Leakages' are 3=

(1) Joints not made properly or poor workmanship,
(2) Less cushion over pipes.
(3) Inferior gquality of pipes.

(4) Pipesdamaged due to internal and extermal corrosion,
This is generalilly due to g#Prgsive action of water it

000-2



(5)
(6)

1.

(a)

carries or soil in which these pipes are laid.
Improper design.
Other causes of failure of pipes and jointsinclude water
hammer, absence of thrust blocks,wmetal fatigue,
vibrations due to traftic¢, sinking of pipes line due
to beam action, improper operation.,
Main components of distribution system apart from
service Reservoirs are mentioned in 'FORM 5' = Inventory
of Main Items of Distribution System. But before
designing a programme for preventive maintenance of
distribution system, it is necessary to have a detailed
plan showing :=
Complete network of pipeline system, showing size of
pipelines, length of segments, type of pipesused.,
Reduced levels at several and relevent places,
Location and details of water reservoirs,

Stvice
Location and size of seewsdgme valves, non return valves,
Air Valves, Fire Hydrants, Scour Valves, Dead Ends,
Boosters / 2onal Pumping Station,
Stand Posts.
Water Pressure in distribution system during morming
and evening peak hours.
Description of pipelines should be as under :-
Length in Meters/ Diameter in mm/ Type of pipe used,
Normally following pipes are used in distribution
network :-

Cast Iron witn lead joints.
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(b) Duclile Iron/ Cast Iron with Tyton joints,

(c) Ashkestos cement pipeswith detachable joints.

(d) PVC/ HDP Pipes.

(e) Steel mains

(f) Prestressed concrete pipes.

(g) R.C.,C, Pipes

(h) G.I. Pipes mostly used in House Connections, For
example in a distribution system a segment PVQ of
pipe line 520 Meters long, 150 mm indiameter should
be shown as :-

520/150/(d)

2,2 Testing of Pressure Pipes

The field test pressure to be imposed should be not less
than the greatest of the following :

(i) 1% times the maximum sustained operating pressure ;

(1i) 1% times the maximum pipeline static pressure ; and

(iii)sum of the maximum sustained operating pressure or the
maximum pipeline static pressure and the maximum cal-
cul ated surge pressure
subject to a maximum equal to the works test pressure
for any pipes and fittings incorporated in the pipe line,
The field test pressure should wherever possible be not
less than two-thirds of the works test pressure appropri-
ate to the class of pipe except in the case of spun iron
pipes and should be applied and maintained for at least 4
hours,
Where the field test pressure is less than two-=thirds the
works test pressure, the period of test should be increased

to at least 24 hours. The test pressure shall be
....4
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gradually raised at the rate of nearly 1l kg/cmz/min.
In the case of spun iron pipes, the hydrostatic test
pressure after installation is to be adopted instead
of the works hydrostatic test pressure wnich is 35
kg/cm2 uniformly for all classes of pipe.

Hydro Stétic Test pressure at field after installation
is generally 1/2 to 2/3 of Hydro Static Test pressure
at works, but duration is many times more)sometimes

4 to 24 hours instead of 15 to 35 seconds at works.
If pressure measurements are not made at the lowest
point of the section, an allowance should be made

for the static head between the lowest point and the
point of measurement to ensure that the maximum
pressure is not exceeded at the lowest point., 1If a
drop in pressuré occurs, the quantity of water added
in order to re-establish the test pressure should be
carefully measured. This should not exceed 0.1l litre
pre mm of pipe dia per km of pipeline per day for
each 30 m head of pressure agpplied,

The allowable leakage during the maintenance stage
of pipes carefully laid and well tested during

construction, however, should not exceed

ql = ND / P

where.

gl = allowable leakage in 1lpd ;

N = number of joints in the length of
the pipeline ;

D = diameter in mm ; and

P = average test pressure in k.g/cm2

This figure is applicable to spigot and socket CI
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pipes and AC pressure pipes, thrice this figure

may be taken for steel and prestressed concrete

pipese.

2¢3 Jobs to be carried out as a part of this programme
are :=-

(a) Regular inspections of distribution system, For

this an inventory of jobs to be done is necessary.
Programme should be so arranged that each segment
along with its valvesand specials be inspected once
a week,

(b) Thougn inspections be done weekly, but all tne things
need not be noted every week, . Observation to be

made can be divided as under :-

Weekly (1) Observe leakages on pipelines, stand posts,

Fire Hydrants, Air Valves etc,

(ii) Check Pressures at critical predetemmined
points. (These points will serve as base
in subsequent studies/ surveys). Investigate
in case change is significant,

(iii) Study Water Level records in Reservoirs .
Take preventive measures in case of serious
deviations,

(iv) Check if water level and other gauges and

meters are in working order,

Monthly (i) Open Scour Valves and Flush the system,
(ii) Flush dead ends (Fire Hydrants be provided

at dead ends).
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Six Monthly (i) Inspectreservoirs and other civil
Engineering structures
(1ii) Check Bulk meters and repair/ calibrate,
if necessary.
(iii) An inventory be prepared of out of order
consumer meters. Those considered damaged

or defective be replaced/ repaired.

Yearly (i) Carry out waste control drill.

(ii) Carry out Leak Detection Survey

(iii) Assess unaccounted for water.

(iv) Measure 'C' Valve in selected sections of
Pipeline net-work where pressure drop
appear high.

(v) Clean and disinfect water Reservoirs and
paint date of cleaning,

(vi) Cleaning pipe lines with a view to remove
incrustation, tuberculation, slime growth
and deposit of Sediments;Normal methods
employed are :-

(a) Mechanical cleaning by using steel springs
or Polyurethane foam swabs,

(b) By using chemicals including chlorine,

(c) Pressure&tlushing

(d) By using compressed gas. Observations made

be noted on proforma enclosed as appendix,

2.4 By practising pipe cleaning, C., Valve in certain cases
is increased from 5-5 to over 100. 1In bigger diameter

pipes cement lining increased 'C®' Valve substantially

and it proved that it was much more economical to cement

......7
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line the pipes than laying a supplementary main or

to replace the 0ld main with a new and bigger main,
Study about possibility of achieving economy by
cleaning, cement lining and byspecial treatment like
'Calgon Treatment' should f.e, Treatment with sodium
Hexameta phosphate ( W a P 0 3)6 should form an
important part of Preventive Maintenance., There is

no scope here of describing these methods. Sufficient
literatures is available describing these processes and

their possible advantages.,

3. Leak Detection and Waste Control

In every distribution system, some per centage of water
remains unaccounted- for, If it is upto 15%, it is
reasonable, but any thing beyond 25% is serious and
calls for immediate measures to check leaks and wastage,
Unaccounted for water isjust like disappearance ot

money from pocket,

4, Detection and Location of Legkages

Surface leakages can be observed visually while for
underground (not visible on surface) leakages we need
equipment and apparatus. The various methods adopted
are :-

(a) By observing visually

(b) By sound (Aqua phone or Battery: Operated) Leak detector.

(c) Using chemicals like Nitrous Oxide

(d) Use of Electronic leak detectors

(e) Using Radio Isotopes.
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4,1 Regarding methods of Leak Detection an extract from
World Health Organization Project Report No, INDIA
0176: 03, Bombay is attached as annexure to this
document,

Methods of leak detection

The methods of assessment of waste discussed so far will
generally give an indication of the vicimity of the
leakage, the accuracy depending on thedetail of the
investigation. It is then necessary to locate the
actual leak position before repairs can be undertaken,
It is necessary to know the exact pipe alignment before
leak location can be undertaken,
Several methods are available forleak location, generally
dependent upon detection of the sound generated by the
escaping water,
Sounding, the process oflocating a leak by maximum
intensity of sound, may be carried out by direct or
indirect methods.

Direct - on pipe or fittings

Indirect - on ground surface

Leak noise

Water generates noise ineseaping through a hole and
plays against surrounding material. Local erosion may
form a cavity around the pipe above or below free
water level,

Noise is set up as a result of the following factors :
(a) Turbulence through the orifice producing mechanical

vibrations in the pipe.
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(R) Jet turbulence through the orifice or in the cavity.

(c) Water hitting sides of the cavity.

Experimental work at WRA has shown that for a jet leaking
into stones, the jet break-up noise is transmitted through
soil and into the pipe at medium frequencies., Direct
sounding is best here, since higher frequencies are

attenuated through soil.

For a jet leakirg into water, jet break-up noise is reduced
but cavitation produces high frequency noise, This is best
beard on the pipe i.e. by direct sounding, Depth of cover
affects higher frequencies by linear attenuation and lower
frequencies are less attenuated., Unfortunately traffic
noise may also be at low frequencies., 1In pracitice the nature
of the surface, tamrmac, paving blocks, cobbles, setts
etc., has a greater effect than the depth of cover on
the transfer of sound.
Since leaks may occur in any condition, it must be
accepted that leak noise is covered by a wide band
of frequencies,
Taking these considerations into account and adding
comments related to equipment, the factors affecting
the performance of leak detection by acoustic methods
may be summarised as follows :
(1) Character of noise at source, especially the
frequency spectrum.
(ii) Depth and type of ground cover causing variable
attenuation of frequencies,

(iii) Extraneous noise ; traffic has random frequency,

but other types of interference may be more easily



identified when using ear only.,.

(iv) The contact of any pick-up with the surface
affects frequency response,

(v) Pick-tup design ; both mechanical and electrical.

(vi) Amplifier characteristics and internal noise
level,

(vii) Indicating method, meter or earphone,

It is interesting to note that factors (i), (ii) and
(iii) are those over which an operator has little or
no control. The remaining four factors can be made
constant to some extent when for instance, one
operator always uses the same piece of equipment.
Hence the apparent success of certain equipment is
often due to the skill and constancy of skill and

handling procedure of the operator concerned.,

Equipment and methods

Stethoscope or sounding rod

This is a traditional method, the use of which entails
considerable skill, but the leak must be audible., The
leak noise transmitted to surface or pipe fitting is
transferred to the operator's ear by using some form

of 'stick' made of iron, steel etc. A typical example
used by Bombay Municipal Corporation consists of a 4 ft.

léng, half-inch diameter mild steel rod, fixed with a
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cup like shape brass cap of 2" diameter at one end.
In severe cases air transfer is sufficient, i.e. the
sound can be heard without any aid. In the WRA¢s
and CPHERI's and BMC's experience, it has been
established that a skilled -inspector can accurately
locate the position of a leak in 80% of cases, using

a sounding rod,

Electronic amplifying devices

These instruments detect and amplify the noise level,
Certain frequency ranges can be chosen to amplify the
leak noise selectively or filter out some unwanted
noises., However, this equipment is also susceptible
to extraneous noises, It will treat ﬁhem in the same
manner as the leak noise, possibly increasing the
unwanted noise internally in the instrument. Examples
of this equipment are the 'M.Scope', Terroscope and

Detektron.

Method of use of éounding rod and electronic equipment

Once a section of water main has been established as
leaking through step test checks location of the leak
is carried out by sounding along the main., 1In U.K.,
such a sounding traverse is carried out by direct
sounding on hydrants, stop-cocks, until the approximate

position is determined. Then local indirect sounding
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on the ground surface is made to pin point the
position. 1In Bombay the practice has been to carry
out a sounding traverse along the line ¢f the main

at about three feet intervals on the ground surface.

It happens accasionally that the high velocity of flow
in pipelines creates a hissing noise which may be
inlstaken for a leak. In such conditions the sounding
traverse is made along the length of the pipe to det-
ermine if the noise persists, If it does it is unlikely

to be due to leakage,

Generally the use of sounding rods alone will enable a
leak position to be pin-pointed, but it is frequently
necessary to follow up with electronic equipment to

determine the exact leak position,

Following street location by metering and step tests,
the location of a leak is first indentified as a
'service' or 'main' leak if it is not otherwise possible
to pinpcoint it by maximum sound intensity. Sounding is
carried out on consumers stop-=-valves, first with them
open and then closed., If the sound continues after
closing, this indicates that the leak is on the main, If
the soundiﬁg ceases on closing, the leak is occurring

beyond the stop valve,

Pin-pointing of the exact location is carried out by
further sounding to identify the position of maximum
sound intensity.

oo 0o o0 13



Nitrous ixide

Nitrous ixide is used as a tracer to locate leaks in
water mains, of large and small diameters, which cannot
be traced by traditional techniques., The gas is mixed
with water in the main and is released at points of
leakage. It is then detected using special portable
equipment. Detailed description of this technique is

given in Appendix C.

Cut and cap

With this procedure, the main is isolzated from all
other connections and water is supplied to the main

from a meter. The main is cut and capped in the centre,
If floQ still continues the leak lies between the meter
and the end cap ; if the flow through ceases, the leak

is downstream of the centre capping.

The process is repeated with successive sub-division of
the main into even smaller sections., In some cases, a

valve is cut into the main instead of cagpping it.

An alternative may be to freeze the main instead of

cutting and capping it.

Correlation technique (LINDA)

This is a technique which has been developed by the WRA
which is used where sounds can be heard which give no
indication of the exact location of the leak. It is not

currently available as a routine procedure but has been
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proved on site,

The technique isolates the specific sound pattern of
the leak and determines its time of arrival at various

points along the main,

sound recordings are made simultaneously on a multi-
track tape recorder from several points on the main.
The time lag between the same sound pattein on any two
tracks is obtained by correlating (multiplying together
and integrating) one tape with another, This results
in the formation of a correllogram. When a series of
correllograms has been obtained along the main it is
possible to find the position of the. leak by means of

a graphical construction.

Halogen compounds

The main is filled with air dosed with a substance
containing one of the halogens, normally carbon
tetrachloride or freon and the escaping gas is detected

by a sensitive commerisial instrument,

One of the problems is the danger of introducing gas
under pressure into a main, especially where a high
pressures are necessary to make the leak apparent.
A 115 or 230-volt power supply is required for the

detection equipment,

Other methods

Much of the skill associated with leak detection is
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not only a matter of -intelligent handling of
equipment. The operator's knowledge of the
geography and environment of an area often contribute
to the efficiency of detection. The following is a
typical 1list of points of evidence which, directly or

indirectly may lead to location of a leak.

Knowledge of other services crossing the line of the main,
Recent excavations to other services.,

Discolouration of walls/buildings.

Moss on walls.

Uneven road surfaces, discolouration.

Uneven pavements,

Recent severing of supply to old services,

Hydrants recently used by contractors, fire brigades etc,
Loss of supply or pressure reduction to adjacent premises,
Radioactive treacers can be used which are very

sensitive, but at operational levels of radioactivity

present health hazards.,

Any distribution system has a large number of joints,
Even after taking all possible measures, some leakage
will occur through it. Upper limit of such leakage is

taken as 250 gallons/day/inch dia/pipe/mile.

5, Waste Control

Wastage in distribution system is through is because
of several reasons. Prominent among these are :-

1) Leakages in pipe linesof the undertaking.
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2) Leakages inserviceconnections, abondoned mains and
through valves, ferrules, hydrants etc,

3) Unregistered connections,

4) Faulty and damaged meters,

5) wastage of water through unmetered connections
(Paying fixed charges).

6) Theft of water.

7) Through stand posts.

5.1 Leak detection and waste control is in itself a vast
subject. Leakages deteriorate status of water supply and
drains off valuable revenuesof the Water Undertaking.
Further it leads to :

i) 'Poor Maintenance due to Lack of Revenue',

ii) ‘Water Shortage and Low Pressure’.

5.2 There are various methodologies being practised.,
But the main principle is the same i.,e. unaccounted for
water is equal to difference between water produced and
water for which undertaking gets revenue, For carrying
out these studies, distribution system is divided into

Zones and Sub-~zones,

Zone - Is a part of the distribution system which
has hydraulic boundries, generally created
because of geographical conditions.

Sub-2zone - A Segment of distribution Zone which can be
Segregated hydraulically by closing Sluice

Valves,

Generally, study for assessment of ‘wastage' or ‘unaccounted
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for water' is done sub-zone wise. Various type of
meters are used to measure/ assess incoming flow into
the Sub 2one. Water supplied to various consumers
through meters and to unmetered consumers is measured/
assessed as accurately as possible, Evaluation of

wastage is done as under :-

% Wastage = Wastage as assessed in 24 hours x 100

Total flow into the System in 24 hours

6. Case Study

To get an idea about the benefits achieved by implementing
a 'Leak detection and Waste Control', programmes, results

achieved in Bombay can be quoted :-

WORKS DONE INBOMBAY

Bombay Municipal Corporation, /s Binnie and Partners

and CPHERI had jointly carried out an investigation in
Napean Sea Road area of Bombay. The highlights of a

case study are brought out in brief,

Napean Sea Road zone is fed by a 12' dia. outlet from

Mal abar Hill reservoir., The age of themain ranges

from 70 to 110 years. The pressure survey showed consider

able drop and hence this was selected for a case study.

Napean Sea Road zone has 7% hours supply and hence night
floQ measurement was not possible., The study was limited
upto municipal limit for waste assessment and leak
detection,

Zone was divided into five sub-zones and the waste

assessment was carried out independently in each sub-zone
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by revenue by pass meter, After waste assessment the
pipe alignment, leak detection and repairs were carried

out and the zones were again tested for final loss,

SUB ZONE Initial Loss Final Loss
(gals/in dia./ (gals/in dial/
mile/day mile/day).

IST SUB ZONE 7, 170 4,780

2ND SUB ZONE 6,140 1, 205

3RD SUB ZONE 73,000 6,280

4TH SUB ZON& 75,600 4,210

STH SUB ZONE 3,680 3, 440

Test results show that there is remarkable improvement

in the water loss in subzones 3rd and 4th, It was observed
that these losses are attributed to (i) leakage on disused
connections, (ii) unregistered connections, and (iii) under-

ground leakage of main pipe and at ferrule connections."

7. Economics of Wgste Control

There is a problem in dealing with this issue accurately.
Identifying and evaluating in figures all benefits
accrued and expenditure incurred is difficult., But this
should not stop us from making as accurate assessments

as possible, Assessments of benefits is also problematic,
Suppose in a system supplying 10 mld water, it has been.

possible to save 1 mld. Saving of water is 10% . But
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it does, in all cases, mean that after implementing the
programme, revenue will increase by 10% or expenditure
decr8ased by 10%., If undertaking purchases bulk water,

then there may be a saving of nearly 10%, but in case

raw water is free, savings will be equal to the cost

of Electricity used for pumping and chemical used for
treatment apart from some improvement in terminal pressures
due to reduced draw off in the areas where leakages were

he aVYe

8. _Metering_

Preventive Maintenance of water meters used on consumers'
connections is important to ensure proper billing and
collection, There should be a programme for replacing
defective and wérn out meters and also for correcting
inaccurate ones, Experience has shown that poor installation
conditions and tampering of meters have been the main

reasons in some countries for defectsand damage in water
meters, Standardization of installation of meters and
educating public together with choice of proper design of
meter will beeffective in meeting the situation, Use of

wet dial water meters will reduce tampering.

8.1 At the end of each month the Meter Reader will
furnish a statement of defective/ damaged/ inaccurate
meters in proforma enclosed., It will be better if all
these meters are taken out and in their place new/ over

hauled tested meters installed, Meters taken out from
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consumers oonnections should be sent for repairs. But
taking out old meters, sending them for repairs should be

properly recorded in Meter Ledgers.

9., Record and Record Keeping

Keeping adequate record in a scientific way is an integral
part of system designed for Preventive Maintenance of a
Water Supply Scheme, Records provide an exccllent
document to know things done and to be done, PM records
till when maintenance was last done, when time for next
check is apprcaching. This enable maintaining a pre-
determined schedule to ensure that nothing is forgotten

and left undone,

9.1 What records are to be maintained is mentioned in
discription already made. These records should be carefully

preserved and filed in a systematic way so that they can
be available when required. Maintenance of these records

costs little, but these are of great value subsequently.

10. Formnation of Preventive Maintenance Teams

This depends on several factors specially size of the
Water Supply Undertaking and their number in case of small
schemes, In large undertakings several Preventive
Maintenance Teams will have to be formed. Whether this
team is entrusted with the work of Breakdown maintenance
or not will again depend on Volume of work involved.

This procedure will pelp Preventive Maintenance as per
schedule., Say in a medium size Scheme with 100 MLD supply
for a population of say 4000,000 and having conventional

Treatment System, Preventive Maintenance may preferably
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be done separately at following places :-

1. Intake works and Raw Water Pumping Station.
2. Treatment works and Clear Water Pumping Station.

3. Distribution 3ystems,

(a) Boosters and Zonal Pumping Stations.

(b) Pipeline net work.

10.1 Teams may consist of following., These teams can
do Preventive Maintenance for 2 weeks and during the
remaining part of the month do Breakdown or other mainte-

-nance jobs.

1. Intake works and Raw Water Pumping Station.

Electrician 1
Filter Mechanic 1
Helpers 2

2. Treatment works and Clear Water Pumping Station.

Electrician 1

Filter Mechanic 1
Helpers 2

3. (a) Electrician 1
(b) Helper 1
(b) Plumber 1
Mechanic 1

Helper 1

10,2 Since number of Installations and area will be large
in case of 3, team 3 (al, may probably be able to cover all

Booster / Zonal Pumping Stations in 2 weeks, but team 3 (b)
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may yemain busy through ou: the month, Teams 3 (a) snd 3 {b)

will also require transport. ZJTeams whichare regired to %
pIeventive as wWll as Greckdown maintenance, may & preventive
maintensnoe o a Alifferent day ifsome breskdown oecurs,

10,3 These temms must be equipped with (a) proper tools and
testing meters, (b) ordinary speres 1like contactsof electrie
switches, cardon brushes, {(c) materisl 1like, pig lead, lubricating
oil, grease, amery psper, electric taps,

10.4 7Tor swell schemeg like rural water supply a circuit will
have to wor'ed out in which preventive maintenance of Say 7 to 10
Schemesg oould be done in g week, For remaining dsysthe tesm cculd
either begiven another circuit or dﬁyloytd onother overhaling/
repair work,

10,5 Size of Tesns and time indicated sbove is for chesaking

snd d0ing minor jobs, If, howswer, inspection reveals that some
major jobs/ repairs are to be, in that case more staff and time
shall be required, This extra staffmay either be drawn from other
sections, or temporary hand recruited for s specific time or

Job be got done en eontract., All jobs done must berecordsd en

M Cards,

10,6 For oXtaining satisfactory snd results first a £irm conviction
in the management alout the urgentnegessity of Preventive
Mainténance Programmes snd then strong will o implement them are
aecessary. Experience has shown that without this even the

best of plan will mot work,
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Code Numbering System

1. INTRODUCTION

As mentioned in para 4 of System Design and Preventive
Maintenance, code numbering is necessary for large water
supply schemes. In Smnall Schemes, 1t is not essential
In large schemes, first the system as a whole hasto be

divided into stages :-

1. Intake Works.
2. Treatment Works
3. Main Pumping Stations.

4, Distribution System,

Code 1, 2, 3, 4 be given in numbers of -various items
contained in each of the above works., Main coding may
be done as shown on Annexure attached ‘Code Numbering
System',

2. Detailed Code Numbers

At works specified by 1, 2, 3, 4 there is-a large number
of each item, For example, Sluice Valvesand Pumps are
present at each work and that alsomany in numbers, All

these have to be numbered systematically -

(a) Sluice Valves at Intake Works =Number as below :-
1/sV/1
1/SV/2
1/5vV/3
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(b) Sluice Valves in Zones of Distribution System -
Number as below 3=
4/1/5V/1
4/1/8V/2
4/1/5V/3
2.1 As has beenmentioned earlier Inventory Forms are
a model, Identification numbers and Code Numbers could
even be same, Once code numbering system has been
established, in the Inventory Forms also instead of

Identification numbers codes could be used,

2,2 As far as possible all machinery and equipment should
be painted with these code numbers to facilitate day to day

working,



Code Numbering System

abbreviation.,

T
Item Abbre- | Intake | Treat- | Main Distribution System
viation: w‘;r ks w‘gii: g‘;’“ﬁgg Zone I zZone II Zone III Zone |
5 g‘ 4/1 4/11 4/111 4/1V
Tubewell TW 1/TW - - 4/1/TW 4/11/TW 4/111/TW 4/1V,
Foot Valve FV 1/FV - 3/FV - - - -
Pump Pid 1/Pm 2/Pm 3/Pm 4/1/Pm 4/11/Pm - 4/1V,
Motor -LT Mt 1/Mt 2/Mt - 4/1/Mt 4/11/Mt - 4/1V,
LT LT LT LT LT LT
Motor -HT Mt_ Nt - 3/MmMt .- - - -
H.T. H.T H.T.
Note ¢ If item hastwo words, use 2 Block Letters for

If item has only one word, use

first letters in Block and other in Small,
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5.1

PREVENTIVE MAINTENANCE AND WATER QUALITY

INTRODUCTION

Inspite of all efforts made to produce pure, safe and wholesome
water through conventional treatment viz. Coagulation, filtration and
disinfection, there are chances of secondary pollution in the distribution

system.
Common causes of pollution in the distribution system are:

INTERNAL AND EXTERNAL CORROSION

Consumers' service pipes are mostly of galvanised iron. Quite often
these pipes pass through waste water. Internal corrosion is due to aggress-
ive nature of water while éxternal corrosion is caused by corrosive action

of soil and waste water through which pipes often pass.

LEAKS
Leakages in pipelines develop because of number of reasons. During

non-supply hours waste water from the drains etc. enters into the pipelines.

DEAD ENDS AND STAGNATION
If the distribution net work is not properly designed and operated,

and water remains stagnant, deterioration in water quality occurs. In
such cases slime growth is caysed.

INTERMITTENT SUPPLY

Water utilities with intermittent supply have comparatively frequent
complaints of deteriorated water quality when supply begins. Vacuum
created in the pipelines during off hours leads to back siphonage. Someti-

mes " No water pressure " occurs in pipeline due to power failures.

In view of the above, Under Preventive Maintenance Programmes,
with protection of consumers' communication pipes by P.V.C. or C.lL
casing pipes, this problem of contamination can be controlled. Frequent
checking of distribution system, timely repairs, scheduled sampling for
bacteriological examination and overall monitoring will be effective in
ensuring supply of good quality water. Similarly, surveillance of raw water
resource and necessary chemical and bacteriological analysis done in a

scheduled manner, will help checking stream pollution.
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5.2 The frequency of collection of samples, for bacteriological exami-
ninations, to be collected from the distribution system, depending upon

the population, should be as follows:

Population served Maximum interval bet- |Minimum No. of samples
ween successive to be taken from entire
sampling distribution system.

Upto 20,000 One Month One Sample per

20,001-50,000 Two weeks 5,000 of population

56,001-100,000 Four days per month.

More than 100,000 |One day One sample per 10,000

of population per month

5.3 It is well proved that by practising preventive maintenance regul-
arly, not only, water supply systems are economically run but also standards

of water quality can also be well maintained.



1.1

GUIDBLINES OUN PREPARATION OF TENDER SPECIFICATIONS
ON ECONOMIC PUMPING PIANT, SEILECTION AND
STANDARDISATION ETC,

INTRODUCTION

For selecting a pumping plant which may be most suitable,
both technically and economically, proper and accurate
drafting of technical specifications in tender documents is &
PRE-R:QUISITE, Pirst, therefore, guidelines are

necessa ry for preparation of tender specifications for
pumping sets,

In the tender specifications, some information has to be
given by the Board and some information/details need be
asked from the firms, It is proposed that tender
specifications be divided in two parts,

_PART -4 _

In this part the Board should give pointwise, the necessary
informetion to the tenderer, Simultaneously the tenderer
must be told what informastion/ details he has to furnish
along with his offer and what aspects he should take into
account in offering the most suitatle pumping set,

_PART-B_
This part consists of (I) cost schedule and (II) schedule
of technical performance. For (I) various items proposed to
be purchased should be described with detailed specification:
in in serial order, Then a tabulated form, Schedule I
as shown on page /@ be prepared in the same order on
which the firms may be asked to quote their prices, For
(II) a tabulated proforma has been prepared and is attached
as Schedule II, Tenderers be asked to sutmit technical
rerformance of the pumping set on the same, Relevant

information/ details which need be furnished by the
...2
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National Water Supply & Drainage Board and also those
which need be agsked from the tenderers, together with
guidelines wherever necessary are stated in the following

paras under Parts A & B,
PART -4

Description of the Scheme in brief s

Under this item the Board should give broad outline of
the Scheme for which the proposed pumping plant is being
purchased and will be installed,

Scope of work s

Information about the extent of work and aspects covered
by the contract be made avzilatle here, Normally these
should consist of :

(a) The supply, delivery and erection of electric

motors, starting apparatus, cables, electrical instruments,
switch-gear and all electrical accessories as specified.
(b) The supply, delivery and erection of purmps complete
with all velves, pipe connections, pneumatic depth
gauges, shafts, bearings and all accessories as specified.
Pump and motor will have comron base plate,

(¢c) The supply, delivery and erection of all gauges,
copper tubings, floor plates, and all such accessories

as necessary and as specified,

(d) The supply, delivery and erection of all auxilliary
apparatus and pipes, valves and connections between

the pumping units including all cable connections on

the consumer's side of the Electric Supply Co's. main
meters,

{e) The supply, delivery and erection of metering apraratus,

(£f) The suprly of spare pgrts, tools and other material
.0.03
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necessary for the satisfactory maintenance of the plant
as specified,

(g) The testing and setting to work of all works, painting,
running the installation for a period of 30 days and
giving one year's guarantee against any manufacturing
defect noticed during the day to day running.

(h) The contract shall include the execution of the whole
of the works specified as well as all works of a
temporary nature, which*'may be required to complete

the works, but not specifically mentioned in the
spe€ifications:s the intention being that the contractor
shall execute as part of the contract everything
requisite to make the whole plant complete and pexrfect

as a first class pumping installation,

The firm shall likewise arrange as part of the contract
all tools, implements, as well as any other apparatus
which the engineer of the Board may at any time direct
for satisfactorily installing the plant or during the
testing or maintenance of the plant, and shall include
the services of competent technician required for the
completion of the work,

The firm shall also arrange for a competent representative
during the installation, &rials, official testing and
subsequent running of the installation, but in no
circumstances shall the employees of the Board be
responsible for any damage done to the plant,

If during the 30 days® running period or during the

official test any further work is considered necessary

‘0.0...‘4



s= 4

or any adjustments are required, the same shall be
carried out by the firm,

(In short the contract shall include everything from
start of the suction point upto the delivery just
outside the pump house as shown in the accompanying

drawing,)

4. Procedure of execution of work s

4,1 The pumping plant and the accessories shall belaid out and
installed in the way shown in the accompanying drawing
or as per drawings submitted by the firm and approved
by the engineer of the Board.

4,2 The whole work shall be done to fulfil the various Acts
and Regulations of the country relating to factories and
electrical installations and as per directions of the
engineer of the Board,.

4'x3% After the contract has been accepted by the Board, the
firm shall subtmit the drawings as stated in description
of Schedule I, The first item of work shasll consist of
laying of foundation, This shall be done by the Board
but the firm shall depute its representative to inspect
the work and ensure that foundation has been constructed
to its satisfaction and that grouting holes gre of proper
size and correctly located and take responsibility for
these, Other civil works like laying of pipe and cable
trenches etc,, should also be done in the presence of
firms representative or the firm should take responsibility
that these have been laidp constructed to its satisfaction,

;..0...5
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For grouting the bed plate necessary grouting material
and mansons etc., shall be made availatle by the Board's
engineer ahd the bed plate grouted under the direction
and supervision of the firm's representative,

After grouting of bed plate, work shall proceed step by
step and the firm shall keep Board's engineer should also
inspect and check the work at every stage. If there is
any shortcoming, it should be pointed out to the firm
immediately and not at the end, If the engineer requires
any tests to be carried out at any stage of the installation,
the firm shall arrange and do the seme, But engineer's
checking and testing during the installation shall in no
way relieve the firm from its contractual obligations,
Firm's responsibility for quality of work and its accuracy
shall remain with it till the installationis passed in
the official test, taken over after running period and

no defects attributable to the firm having been noticed
in one year after taking over,

After installation has been completed, the firm will give
one to two weeks notice to the engineer for conducting
official test which shall be conducted as described later
in Part-B,

Description of water to be pumped ;3
Following details should be provided to help the firm in

selecting a proper pump for water to be handled,
(a) Turbidity eand meximm size of solids likely to flow
in the pumps,

(b) Temperature and pH value,

L N N N N J 6
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(c) Physical and chemical analysis reports, if available,

(d) Any other aspect worth mentioning,

Description of location including altitude ;
This information should be furnished alongwith mode of

transport, nearest port-station etc.

Duty conditions at which the pump will generally be
reguired to work :

This is one of the most important items of pump
specifications, It has to be done with great cesre and
stated in the tender specifications. A typical example of
specifying total head and discharge in case of borehole
(tubewell) is shown as Anrexure II to this appendix,

In case of surface water etc,, calculations will have

to be made as shown in Annexure III. If it is required
to run the pump at different speeds to meet different
demands, necessary details should be given to enable the
firms to offer suitable speed reduction arrangements,

In case of borehele turbine and centrifugal pumps,
efficiency and power consumption vary with varying headse
Hence it is all the more necessary to work out duty
conditions as accurately as possible and sélect a pump
with maximum efficiency at duty condition, On the other
hand if there are chances of the operating point to keep
on varying, firms may be intimated of the possible range
of operation and pump of non over loading type may be
asked for, In that case efficiency im the entire working
range should be taken into account while selecting the
pump,
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8. Suction Details

8e1 To prevent occurrance of cavitation, firms may be advised
to ensure and satisfy themselves of the following
(i) Adequacy of suction sump

(1ii) Correct location of suction pipes in the sump
and insufficient clearances round suction ballmouth,

(iii) Minimum length of suction pipeline,
(iv) Sufficient waterway area in the suction strainer etc,
8.2 Satisfactory performance of a centrifugal purp depends to
a large extent on proper sizing and alignment of the
suction pipeline, Though some guidelines are also given
in description of items of schedule I, the following thumbs
rule may be kept in wview by the Board while preparing /
finalizing layouts,
(i) Suction pipes be kept as short as possible,
(ii) PFirms may be advised to keep actual suction 1lift
at site 204 less than maximum possible limit

quoted by the manufacturers.

(iii) Pipes and specials should be very carefully and
accurately jointed to prevent any air leak,

(iv) Diameter of suction line should limit velocity of
water to nearly 6.5 ft. or 2 meters per second, For
this the following table can be followed,

Size of pipes in ‘Maximum imperial gallons
inches/mm per minute permissible
on suction side

3" or 80 mm 85
4" or 100 mm 150
5" or 125 mm 250
6" or 150 mm 400
7" or 175 mm 600
8" or 200 mm 800
9" or 225 mm 1000
10" or 250 mm %300
13" or 300 mm 1800

eee8
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14" or 350 mm 2400
16" or 450 mm 4000

(v) Alignment of the suction pipe should either be
horizontal or gradually rising ﬁowards the pump to avoid
air pockets,

(vi) Where even reducers are required, eccentric reducers
should be used, Sudden enlargement and reductions in
diameter of suction pipe as well as short bends should
be avoided,

(vii) When In case strainer is used, it should provided a water wa;
area not less than 3 to 4 times the area of the suction
Pipe,

(viii) When a foot valve is used, it should not come in
interference with the incoming stream, else whirl pool

will be formed and air will be pumpedsin,

8% Sketches on the next page give a rough idea about
alignment of suction pie line,

9. Type of Pump

It is better if exact type of pump is left to the

supplier for quoting, However, guidelines on basis of

which tenderers will have to quote are as under :-

a, For Tube Wells:; Firms may be asked to quote any
type of pump including borehole, submersible etc,,

but preference may be given to one of them - To

enable suppliers to guote guitable pumps for tube

wells, its completion diagram together with
verticality test and yield test reports must be

furnished, As an example an arbitrary report
00009
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with imaginary figures is enclosed, Annexure II,
Usually tubewells give sand on starting, However,
water clears after some time, Hence sand content
of water after 10/15 minutes run should be noted
and when clear the same may be adopted,

For Raw Water ; For pumping raw water from rivers and

impoundments to the treatment works, generally low
head pumps are required. However, if treatment
works are located far, high head pumps will be
required. While designing pump houses, through

it is admitted that overall economy is kept in view
but from the point of view of day to day maintenance
and operation, suction 1lift should be kept minimum
not exceeding 4,5 m (atout 15'). Abnormally high

suction 1lift beyond the rating of the pump generally

causes reduced performance in discharge, head and

efficiency, Further, it leads to excessive vibration

and cavitation,

For gland sealing arrangement, it is desirable
that clear water, preferably filtered water be made
available, Raw water with turbidities beyond 30 ppm
should not be usef ror gland sealing,

If the pump house has been specially designed
for a particular type of pump, whether vertical or
horizontal, thesame should be clearly stated in the
tender specifications, Drawing of the pump house,
with existing pumps if any, must be furnished, If
vertical, whether dry pit or wet pit should be
mentioned, Beyond that i.e. the design of the pump

oo 000 .10
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whether it should be radial, axial, or mixed flow;
details of suction and delivery, number stages etc,,
should be left to the tenderer to quote, which in
their opinion should be the best in performance, in
cost and in day to day operation and maintenance,
Maximum size of solids that are likely to flow in
the pumps must be mentioned,

c. For Clear Water ; It requires the same information/

details which have been descrited in (b) above,
10, Pump Speed

10,1 What should be the pump speed often becomes a point of
controversy., In submersible pumps in tubewells speed
of 2900 rpm is always acceptable, because with lower
speeds size of both motor and pump becomes bigger and
it is generally difficult to accommodate the larger
unit inside the tube wells, Iower speed pumping sets
cost more,

In case of centrifugal pumps, lower speeds can bhe
adopted, but the commercial aspect must be carefully
considered as low speed electric drivem pumping sets
costs more, Speed has much to do with the head also
(as N x H°), Hence in case of high head pumps, higher
speed is commercially very advantageous, But increase
in speed tends to increase maintenance and, therefore,
a suitable balance has to be achieved between initial
cost and maintenance cost., Apart from cost other facts
also need be considered, In fact temperature, speed

and altitude hage an effect on suction lift.

o000 11



s= 1

10.2 Effect of Temperature, Speed and Altitude
over Suction Lift for Centrifugal Pumps

Pumps with not too high a speed, liquid temperature
upto 68°F and an installation at low altitude, can have
suction 1lift including friction losses, velocity head
and other causes upto 20* (but in practice efforts
should be made to keep it upto 15', 15' suction 1lift
will provide more trouble-free operation, specially in
charging and sterting the pumps). At higher temperatures
and in case of higher altitudes this figure is reduced.
In all cases where the utmost suction lift is essential,
it is advisable to consult the manufacturers and request
them to furnish necessa ry data and test results on
vhich its recommendations are based, These should then
be critically examined in the Board‘’s office,

The following table indicates the suction 1lift in
relation to temperature of the liquid, numbver of

revolutions and altitude of the erection-site of the

pump,.
“WATER TEMP,
TN DEGRBES F 50 68 86 104 122 140 158
Suction at 1450 rpm 21 20,5 19 16,5 13 9 0
1ift in
feet a t2900 rpm 15 14 12,5 10 6.5 2,5 O
Altitude
in feet O- 1500 3000 4500 6000 7500 9000 10000
_Eactor 'fe 1,0 009 0079 007 0062 0054 0047

For altitudes above 1500 ft, the suction l1lift must be
multiplied by the factor 'f',
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10.%3 The speed relationship to temperature and altitude

may be kept in view. Before coming to a final conclusio:
on speed, based on the speed which is proposed to be

adopted, specific spedd may be calculated from the
following :

Ns = 1.096 N /~q
g /4
Ns = Specific speed of the pump

Speed of pump in RPM

Discharge in imperial gallons per minute
of a single suction impelile:

H = Total Head per stage in FT

10.4 Total suction lift that centrifugal pumps can create whil

1.05

working against disfferent total heads a: d specific speec
are given in diagrems on pages 12,1%,14 (curves taken frc
Hydraulic Institute Standards). In case this suction 1lif
is less than that at which the pump has to work, proper
speed may be selected which may give the desired total
suction 1lift,

However, the fact remains that the higher the speed of thk
pumping set, the greater the attention it requires in day
day maintenance. Alsc some parts are subject to more wes
and tear. In view of this practical problem, the follow
broad guideline is also taken into consideration ;

Small Pumping Sets - Maximum Speed - 2900 RPM (upto 10 B

Medium size Sets - " " - 1450 RPM (Between 10
and 200 H
Large size Sets - " " - 950/750 RPM Above

200 HP
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12.

12,2

Arrangements and Details of Existing Pulips

If the pump required is tc work in parallel or in series w.
the existing other pumps, a detailed sketch of the existin,
installation along with their performance curves and other
details should te given in the tender documents to enable -
firm to examine suitatility of the pump offered for running

it in parallel to the existing pumps or as the case may te.

Performence Curves

While the firms wili be asked to furnish the complete perif:
mance figures and curves of the pump offered by them the B¢
should advise the suppliers to quote for pumps which have ¢
uniform or efficiency as possible throughout its entire rar
of working. Also pump characteristics should be such that
should not impose on excess olad on the motor during any pc
of working. It may be mentioned in the specifications that
the supplier shall ensure that r.H.P. of the motor bteing
offered is such that it dies not draw more than its full
load current under any circumstances of working in the ent:
renge,

Tenderers meay be asked to furnish the following performance
curves for the pumps offereds

l., Discharge - Head

2. Discharge - Efficiency

5. Head - B,H,P. atsorbed at pump shaft

4, Head - Current drawn by motor.

In 2 above Discharge is measured and Efficiency calculated
at the specified speed (RPM) for large pumps, Net positive

suction head (NPSH) required at the duty point i.e. at the
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4.

15,

16.

specified flow and speed of rotation should be enquired
from the firm. For cavitation free perfocrmance of & pump,
it is necessary that available NPSH is always higher than
the required NPSH.

Workmanship etc,

The matterials, workmanship and finish of the complete work
shall be of the best quality and in these respects Sri
Ianka/British Standards shall be followed,

Interchangeability

Corresponding parts of all the machines, apparatus and
equipment shall be standard and interchangearle. Nuts, bolf
screws etc, shzll confirm to Sri Ienka/British Standards.

Deviations from Prescribed Specifications

Design, layout, constriuction, materials etc. shall all be a:
per specifications provided in this tender documents, vut i:
case firms can suggest any alteration or deviation with a
view to obtain economy, increassed efficiency and safety,
facility in operation and maintenance, the firms may submit
the same and these will be carefully considered while
awarding work. But firms must provide similar guarantees

for deviations/alterations suggested by them.

Reinstatement of Works damaged/broken during

execution ol WOTK

The firms may be informed in this para that in case any woa
land, property, fencing or the like are damaged/broken/alte:
by them during the course of their work whether intentionall
for t he facility of executing the work, or inadvertently or

by mistake, the same shall have to be reinstated to the



original condition at their own expense and no claim

shall be considered by the Board.

17. Firms must be advised to inspect the site before tendering
and satisfying themselves avout everything regarding the wox
Firms mey clearly know that it will be in their interest to
inspect the site of work, read the tender document carefully
before submitting their offer. In czse of any doubt or
‘difficulty they should discuss the matter with Board's
engineer tefore submitting their offer, It will be
presumed that the firms have satisfied themselves
about the scope of works, various dimensions, levels,

charactre and nature of work before submitting their offer.



PART B

DESCEIPTION OF ITEMS CONTAINED IN
CeST SC s (SC

Provisionsl Sum

If during the execution of work or at any other stage it is
considered necessary to do any otker work or supply any other
items, then the firm shcll te bound for the same up to an
amount of Rk, 50,000/= on rates settled mutually terms of
payment being the same as in the main contract.

(a) Electrical Switch Gear

Type oi circuit breaker/isolating switch will depend on full

~load current to be carried by it. There is no defined policy

but experience has shown that use of I.C. T.¥, switches (Ifon
Clad Triple Pole switches with our without neutral links) on
circuits carrying more than 100 Amps. is accompanied with
more maintenance probvlems. As such on circuits carrying

more than 100 amps, it is adviseatle to use air or oil

circuit breakers, in spite of their higher cost.

However to provide further protection and servicing facility
to circuit treakers, btack-up protection by isolators with

H,R.C, fuses should be provided wherever possible,

So far as these isolators with H,R.C. fuses (or I.C.T.P.
switches) are concerned, these are simple equipment and it
will be sufficient to specify 3 to 4 good makes and tenderer
should be asked to include and quote for any in his offer.
but as for circuit breekers, it is necessary to give detailed
specifications and while draftdng these, following

considerations be made,

Circuit breakers could either be air break or oil circuit



breakers. In ces: ol oil circuit breaker, the oil tank
should ve designec to ve pulled out easily and should have

arrangement to indicate correct oil level in tank,

The vreakers should re provided with both s=
(a) Main contact
(b) Areing contact

Following releases shall elso be provided 3=

(a) Over current releases ( time lag )
(b) Under voltage release

(c) EBarth leakage release

(d) Single phasing preventer

For overload releases, current setting arrangement shall

be provided,

Contact terminals shall be so designed that adeguate contact
pressure is maintained in all conditions of working. It shall be
preferred if both moving and fixed contracts are of rolling - butt
pattern type and close with a self-wiping action. Design and fixing
of the contacts should ensure easy inspection, servicing and replac-
ement. Contact tips should be of special alloy/silver-plated/nickel

plated to provide smooth contact and resistance to are wastage,

Suitable inter-looking arrangement is necessary. The whole
circuit breaker should be housed in a strong C.I. or M.S. enclosure
of adequate size so that when opened, enough space is available for
change of contacts and for other routine repairs and mzintenance.
Size and design of the enclosure should ensure adequate precaution
against any contact tetween the live parts and any part of the

enclosure,



A cord of rubber or of any other suitable material be provided
along the periphery of the front door and other openings to make the
panel dust-proof.

In case of panels, sides of covers should be covered by
asbestos cement sheets which are to be inserted between the panels.

For end pgnels, steel side covers are necessary.

As for cabling arrangement, the same should be simple to provid
easy opening and closing of terminals., It is preferatle if they are
brought out to a terminal board for making cable connections.

Other general conditions shall fulfil the relevant provision of
the Sri lanka Standards or British Standards,

For the circuit breaker offered, the supplier shall furnish
the following information :-

l. Rated voltage

2. Normal ocurrent rating

3, Breaking capacity in MVA at 415 V
4, Reted short circuit current

5. Tripping delay characteristics.

For motors above 20 B.H.P. where squirrel cage induction motors
are offered, use of auto-transformer type starters may be specified,
It may be further mentioned that tappings of the auto transformer |
starter are so chosen considering the starting. Current required by
the pumping set that starting current being limited to 1506 of the

normal full lead current.,

Number of switches/breakers and their capacities will depend on
the number of the motors to be cuontrolled and their sizes. If there

are more than one pumping set, it will require a pape], preferably



2(b)

totally enclosed, metal clad, fabricated out of M.S. sheets and
angles. There will be one main incoming switch/breaker and then
one for each pump. In case a switch is required for lighting
purposes, it should be specifically specified along with rating.

Panel Instumentation - Extent of instrumentation depends on number

and size of pumping sets to be controlled. However, in case where
number of pumps is more than one, and circuit treakers have been used
the switch gear panel is normslly equipped with following instruments
1. KWH meter of adequate capacity with CIs if current
is high on each circuit breaker,

2. Valt meter - to be provided on main incoming circuit
breaker (0 = 500 V) with selector switch for each phase

3. Power factor meter - on the main incoming
4, Frequency meter - on the main incoming

5. Ameter on each circuit breaker of capacity 2% times the
full load current with selector switch,

6. Relays as maintioned above on each circuit breaker

7. Single phasing prevention device for each motor

In case of small pumping sets using I.C.T.P. switches 3,4,6,7

could be omitted,

Switch gear should be floor mounted with about 3ft (1 metre)
space left behind for conducting repairs.

While the firm will quote total cost of the switch gear on
Schedule I, break up showing cost of each item i,e, each switch/

circuit breaker etc., shall be given on a separate sheet.

Earthing Material

All material required for earthing the entire electrical
installation as per local regulations shzll be included in this item.



If there are no local regulations, double earthing of the
complete system connected to a permanent earthing plate buried
in ground surrounded with Coal upto sub-soil water level or up
to éuitable depth considered necessary, depending on ground

conditions should be provided,
Cables

Necessary length oi copper or aluminium cables = PVC insulated
from electric Supply Companies breaker/metering point to the
consumer's panel and then from switches to starters and starters
to motors should be 1£cluded. It may be desiratle to name 5 or 4

good makes and contractor asked to provide any of these,
Pumps

Datailed description of the pumping set including its working and
duty conditions having already been given in the general description
reges .. to .. o only type of pump and dual duty eonditions
need be given, However, it will be helpful, if possible, to state
matals for Shaft and Impeller., In medium to large centrifugal pumps
it has become modern practice to provide stainless steel shafts of
generous diameter to provide a factor of safety of 2.0. In raw water
pumps with fairly high tubrbidity or where wear and tear is expectdd
to be high, stainless steel impellers should be provided,

Far fair conditions, bronze impellers will sufiice, Shafts

should be provided with protective sleeves of bponze or brass
wherever necessary, There are various types of stainless

steel and bronze sleevy, Composition of these alloy metals

should be left to the manufacturers to adjust according to

their detailed design requirement., Pump casing should be

of heavy closed-grain cast iron or semi-steel casting, The
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Pump should be fitted with renewable bushes and

vearing rings. Water passages in impellers etc. should
be filled and scraped to perfectly smooth surfzces,
Impelliers must be statically and dynamically balanced,
All perts should be designed to withstand action of

sand, other solids and abrassive mattier in water,

Motors_

Motors shall be of robust meke, mounted on a common
base plate (either cast or of fabricated mild steel),
The following details should invariatly be given :-

(i) Power aveilatle : Suitablé for power supply - 400 V,
AC 3 Ph, 50 Cy.

(ii) Type. ¢ Continuous running type, screen
protected, drip proof with extended

shaft for teking a pulley to provide

a flexible coupling with the
pump to be driven,

(iii) Class of Insulations This should be given after
studying the working conditions = In normal conditions
class 'E' insulation,

(iv) A short description of site and duty conditions
including ambient tempersture and altitude, For
higher altitude specially designed motors should
be used,

(v) EPM

(vi) Whether tests will be required to be done at site
or whether manufacturers certificate will suffice,
In former case tests required to be done should be
specified,

(vii) Type of Rotor s Whether squirrel cage or slip rings,

In lattercase it may also be mentioned whether brush

.....7



(viil)

(ix)

(x)

(xi)

2,

o

lifting device is required. It is suggested

that for motors above 250 H.,P, brush lifting

device may be desired with short circuiting device
and with meter locking system,

a) Method of sterting :

Maximum permissible temperature rise. lormally

40°C above ambient is considered sufficient,

If possible, feult carrying capacity of the system
to which motor is connected be given,

beHJPe: Duty conditions of the pump having been
described, a decision atout the B.H.P. of the ﬁotor
should be left to the tenderer, It ma; however be
stated that meximum power absorbed at the pump shaft
should be between 80% and 906 of the B.H.P. of the
motor during the entire range of working of the pump,
Manufacturers must give a certificate that rotors
are statically and dynamically balanced,

Regarding other aspects the motor should conform to
the relevant Sri lanks standard or British standard,
The supplier may be asked to furnish following
information 3

Rated output,

Bfficiency of the motor at following loads s

Full load

* "

i‘ [ ]

* [ ]

P,P, of the motor at following loads :
Full load

* [ 1]

% ”

i‘ " aseaaal



4, Rotor voltage and winding connections.
5 Rotor current at rated output,
For guidance, following table gives standard voltages

and sizes of motors recommended,

Supply Voltage Recommended Size in HP
Minimum ‘Maximum
Single Phase
3 Phase AC.
50 Cye. 400 V 1,0 350
3 Phase AC 6,600 V
50 Cy. or
114000 V 350 Any H.P,

Squirrel cage induction motors being most simple and
easy to maintain, as far as possible and to the size
permitted by the local electricity authority, should bve
used, On tube wells, motors with hollow shafts should
be used on tore hole turbine pumps,
6. Starters

Broadly, types of starter are as under

1. Direct on line

2, Star Delta

3, Auto-transformer

4, Rotor Resistance Starters

Use and selection of starters is linked up with :.

(a) Size and type of motor to be started

(b) Limitations imposed by local electricity authority.
In submersible pumping sets, because of technical limitations,
generally only SQUIRKREL CA®E induction motors are used,

.....9
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Thus, use of direct line starters is limited to very small
size motors, Starters pf type 2 and 3 above can normally be
used on submersible pumping sets. Where wound rotor motor
is used, rotor resistance starters have to be used. Regarding
other cases, either of the two starters i.e, Star Delta or
Auto-transformer starter can be used. Between the two, with
selecilon of suitable tecprings, it is possible to limit
startin. current to lower wvalves by using auto-transformer
starter. As such, generally local electricity authorities
do not permit use of Star Delta starters teyond a particuiar
size.

Type of starter should, therefore, be decided keeping the

above considerations in view,

All the gauges on suction and delivery site along with necessary

copper tubing, nipples, etc,

Under this item water pressure g.uges of suitable range of
dia. between 4" and 6" (10 to 15 mm) shall be supplied.
Pressure gauge on the delivery side shall have a range 60% to
7% higher than the duty head. Pressure gauge on the suction
side will have a suction gauge (if pressure is always negative)
an ordinary pressure gauge (if always positive) and a compound
gauge of the pressure is sometimes positive and sometimes
negative. On the suction side, range should be vacuum 30" Hg.
and on pressure side same as on delivery side. It generally
is convenient for the operator if both the gauges are
installed at one place on the wall on a polished teazk wood or
metallic board at height of about 5' from ground. Both the
gauges should e provided with copper connection pipes of
heavy gauge 6 mn in diameter., In case length of conrecting
eesessll
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pipe is too long for suction gauge, it could bte provided and

fixed at a closer place.

Reflux and Sluice Valves as per description/drawing water
meter/metering equipment.

Number and type of valves reguired should be assessed and
described, British standzrd provides two classes of sluice
valves Class I upto a pressure of 600 ft.(182.8m) and

8lass 2 upto a pressure of 800ft (243.8 m). Class of valves
may, therefore, be chosen depending on pressure existing in
the main, Valves with flanges and handwheels should be used
near the pumping plants., Since sluice valves near the pumping
sets are operated quite frequently, oniy high quality valves
should be used. It is advised that 3 or 4 of the best makes:
may be menkioned in this item and the tenderer may quote for
any. Other details should be as provisions of E.S. on

sluice valves,

Water Meter/ Metering Equipment

This equipment should be so arranged that it is possible to
measure the discharge of each pump individually and also the
combined dis¢harge of all or a group of pumps, If all pumps
are not covered by one metering equipment, more meters may

be provided so that no water is supplied unmeasured, Metering
equipment could be of following type,

(a) Full flow meter - This may be used if flow is small,

(b) Venturi Meter (alternatively with Dall Tube) with
indicating, recording and integrating arrangement -
for large flovs,

(c) If flows are large, cheaper measurement of flow is possitle
through Venturi Fumes,

Which arrangement is required shall be clearly stated,

aa aaa



10, (a) Pipes, Tees, Bends, Taper and other specials
including chequered plates etc, as per
drawing/ description

It is desirable that a proposal in the form of a
drawing is furnished by the Board along with tender
documents to enable them to work out lengths, sizes
and quantities of various items under this sutr-head,
In case preparation of drawirgs has not been possille
due to unavoidable reasons, a lucid description of
the layout should be given so that the tenderer may
be able to estimate the actual requirement of these
items,

In case a drawing has been prepared, lengths, numbers,
and sizes of straight flanged pipes and sizes,
description and numbers of tees, bends and tapers
etc, should be worked out and list furnished, The
firm shall quote for the same,

The firm shall, however, be at liberty to suggest

any other layout arrangement and in that case shall
quote for such items which become necéssary according
to the arrangem=nt suggested by it, While the total
cost shall be filled in Schedule I, detailed cost of
each pipe length and each special shall be quoted by
him in a separate sheet supporting the total given

in Schedule I,

On the suction gide, care must be taken that alggnment
of the pipe liné is such that there are no chances of
any air pocket ﬁeing oreated, Wherever reducers are
required, they should be of accentric type., Refer

figure on next page,
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On the suction side, flanged or screwed pipes shall be
used and not spigot and socket type., Apart from atove,
all guards under safety acts or required for other reasons,
chequered plates for covering trenches carrying cabvle,
pipes etc, alongwith drip pans and necessary piping for
disposal of water shall be worked out and quoted Ilump

sum under this item,

10, (b) Foot Valve on Exhauster Set with items
for appurtenant work

Under this item s tenderers shall quote items for required
for charging the pumps, if regquired, If suction pipe is
small in diameter, foot valve may be supplied, else a
suitable motor driven exhauster set, complete with piping
arrangement to make it a complete job should be quoted for.
Necessary switch and wiring material will also be included
in this item,

11, (&) Tools as per description

(i) One set of D/B Spanners, standard sizes of best make,
(ii) One set of one ended spanners to fit in every size of
bOlt Be

(1ii) One set of box wrench - standard size,

(vi) Screw drivers 12", 8", 6", - 2 Nos. of each,
(v) Pliers - two large and two small,

(vi) Hammers with handles - 2 lbs, and 1 -lb,each,
(vii) ©Pipe wrenches 24", 18", 12" one ach,

(viii) Chain wrench 6" - 1 No,

11 (b) lLifting Tackle

Type of lifting tackle whether ordinary lifting pulley block

or a travelling crane or of the type necessary to 1lift the
00000013
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heaviest load in the pump house for assisting in taking

it out of the pump house, shzall be described in the tender
specifications and quoted for by the tenderer, Regarding
the capacity of the tackle and maximuh height of lifting
required, mey either be given by the department or the
firms may be asked to work out the same and quote, Full
details, e.g. make, capacity, 1ifting height etc. of the

equipment offered should bve furnished by the tenderers.

12, Spares as per description for P mps, Motor and
Switchgear,

(a) PYor fumps - In case of raw water pump one complete set
of Yotating assembly will be supplied apart from the
following, However, in case of clear water pumps only the
following spares shall be supplied s -

I, CENTRIFUGAL

1. Impellers 2 Nos,
2, Shaft with key 1 No.

3. Shaft Sleeves 1 set
4., Bearings 1 set
5. Bearing Rings 1 set
6. Lock-nut 1 No.
7. Gasket 1 set
8. Gland 1 set

9, Packing necessary for one year,

II, BORE HOLE PUMPS

1. One complete set of bowl assembly alongwith
complete rotary assembly,
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2, Line shaft - 3 lengths

3. line shaft coupling - one full set for complete
replacement,

4, Shaft enclosing tube - 3 lengths
5 Column Pipe - 3 lengths

6. Column Pipe Coupling - 3 Nos,

7. Impellers - 1 set

8, line shaft bearings - 1 set

9. Packing for one years requirement,
10, Top bowl bearing - 1 set

11, Intermedizte bowl bearing - 1 set

Submersible Vertical Turbine Pumps

For sutmersible pumping set it is advisable to have a
complete pump with motor as spare, in case public water supply
is from only one tubewell, In case, there is another
working tubewell in the system, then between the two,
one pumping set should be spare., In addition the following
spares for pumps and motor may be had -
1 (a) Impellers 1 set

(b) Pump shaft 1 No.

£, Sand collar 1 No.

3¢ (1nBIBEIBES i nrust’ (88%ing)

4. Pump motor coupling -1

5« Cable clamps - % set,

6, Motor cable splices - set

7. Cable terminals - 1 set

8. Terminal Box -1

9, Access hole plug - 1

10, Cable - <for one replacement,
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(b) For Motors (except Sunmersible Motors)

1. Winding coils (including coils for

rotor (if used) - 1/% set
2. bearings 1l set
%+ ErTushes % sets
4, Slip Rings 1 set

(c¢) Yor Switch Gear

Te ¥ixed and moving contacts 3 sets
2e Overload coil 1 set
P e No volt coil 1 No.

1%, Drawings of Machirery & Equipment

Upon acceptance of the tender the firm shzll send four
sets each of :

(a) Dimensioned drawirgs for the foundation which have
to be prepered.

(b) Dimensioned drawing of the machinery and equipment
conteined in the order along with complete set of
catelogues and technical literature containing all the
information regarding design, installsation, operation
and maintenance of the machinery and equipment being
supplied and erected,

Cost of the above, if any, shall be guoted under this
item. 1In case these are to be supplied, word °'FREE'
may be ment ioned.

14 Paint g_
Painting of the whole instzllation including pipes and
valves with 3 coats of approved paints,.

15, Erection, Commissioning and setting to work of
the complete unit

.By and large, pumps are ro:ust machines, and if installed

well and maintained properly, give long trouble-free service,
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411 the machinery has to be installed with the best workmanship,
Except for the Civil Engireering works, this item shall
provide for zl1l the works, including arranging of tools and
plant required for instelling the pumping set, All consumatle
items like grease, lubricating oils, packings, gaskets etc,
items like o0il for first filling of oil circuit breakers,
dengers plates, power wiring sterting from the incoming
switch/circuit breaker etc, In short this is a comprehensive
item which includes supply of all the atove m=terials.
Carrying out the necessary works erecting the machinery and
appurtenant equipment, commissiening and settins the whole
thing for regular operstion, Iump sum amount shall te
quoted for the whole work,

16. Running the installation for 30 days durin; which the
firm shall employ its own staff,

After the pumping set has been commissioned and put into
regular working, the firm shall intimate this to the Board
and ask the Board tue date from which 30 days normal running
of the plant shall be started, The Board shall arrange
normal running of the plant within one week of having
received the information. If a longer period is taken by
the Board, the firm shall be entitled to wages of wetchmen,
if engaged.

During the above period, the firm shall engage its own staff
for the running and maintenance of the plant, also provide
for all oils, lubricants and consumable stores, escept

electricity. During this period, the firm shall also arrange
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for training of the staff on operation and maintenance

of the plant, if desired by the Board, without any charge,
wWhen this running peried is coming to end, the firm shall
intimate this position to the bBoard anc ask the Board to
depute its representetive for conduciing ofiicial test

of the plant and takingit over,

17 Officisl Test

On receipt of the atove intimation, Bogrd shall depute its
representative to conduct the official test of the pumping
plante This test shall be conducted at field/site where
installed and shall te the official tcst for acceptance of
the plent. During the test the technical representetive

of the firm shall also be present, Test shall bte performed
on the basis of Schedule II,



SCHEDULE 1

S.No.| Description of Item Quantity Unit Rate Amount
or
Number
1 2 3 4 5 6

1. 'lProvisional Sum
}2.a) |Electrical Switch Gear
(b) [Earthing Material
Cables
Pumps
Motors
Starter
Gauges
Walves
. |Water Meter/Metering
Equipment
10{a)|Pipes and specials

(b) |Foot Valve or exhauster
Set
11.(a)} Tools

(b) |Lifting Tackle
12. |Spares for Pumps,
Motor and Switch Gear
13. [Drawings
14. |Painting
15. Erection, Commission-
‘|ing and setting to work
16. |Running the installa-
tion
17. |Official Test

TOTAL

Total in words

WVitness Signature of Firm's Official/Contractor



SCHEDULE - 11

Schedule for Guaranteed Performance of Pumping Set

Length of Air Line
S. | Pressure | Depth Water Level| Height of[ Approxi-| Total Discharge| Water | Kilowatt| Overall| Manufac{ Pump | Remark
No. |gauge gauge below ground {Pressure [mate Head of the Horse Input to |[Efficie- |turers Effici-
Reading Reading gauge Frictional Pump Per (Power |Motor ncy of |Motor Effency
above Dep|losses in Minute  |from f Pumping|-iciency
-th gauge |Pump and g Set
Rising
main
a b c d e f g h i i k | m
1.’
2.
3.
a.
5.
NOTES
1.  While taking observations different Heads/Discharges may be obtained by operating the sluice valve on delivery side.
2. In above chart No. 3 may be duty point and 1.2 and 4.5 should be below and above the duty point.
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INVENTORY OF MAIN ITEMS OF DISTRIBUTION SYSTEM

FORM - 5

Lot A

tAntaes

(A9

M. of

“hilen

L]

No. of Stend

No.of Butk

No. of Non~ |Ne. of Air | No. of | No. of No. of fire No. of No. of ‘Scour Dead Ends Boostets Secondary
ohusn Valves, Buttrs | Other Hydrarits Posts YVerturd Meters Valves Nos. Nos. Chiorinators
Vzles : . Meters . Nos.
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PUMP DEFECTS AND THEIR REMEDIES

SYMPTOMS

CAUSES

——

The pump fails

Capacity is
inadequate

Head is inadeq-

uate

4

The pump cuts
Power required

by pump is too
high

Excessive leaka
of stuffing box
Packing must be

Vig

renewed too fre-

quently

[ The pump vibra-

Bearings heat up

Pump runs heavi-
ly or seizes

Pump and suction line are not sufficiently primed with the
liquid handled
Fxcesswe suction lift . .
nsyfficient margin between suction lift and vapour pressure
Liquid contains gas
Air pocket in suction line
Air leak in suction line
Air leaks into pump along stuffing box
Foot valve too small
Foot valve partly clogged
Foot valve and suction line not fully submerged
Connection of water seaj on suction stuffing box blocked
Lantern ring in stuffing box incorrectly fitted
Speed too low
Speed too high
Incorrect direction of rotation
Total manometric head of the system greater than the
manometric head of the pump
Tota menometric head of the system lower than the
menometric head of the pump
SPeclflc gravity of liquid handled is not what it was originally
supposed to be.
Viscosity of liquid handled is not what it was orlglnallv
supposed to be
1 The pump is operatmg at too low a capacnty
Parallel connection is unsuitable for the specific operating
conditions
Line, impeller or pump casing clogged
Pump set incorrectly aligned
Foundation not level
Pump shaft warps
A rotating part runs against a stanonary part e.g. lmpeller
runs against wearing rings

X XX X [to deliver liquid

x X

®.

XXX X XXX K

> X X X x> > > |out after starting
X X X X

x X

> X

MR AN

= ¢ (tes or is noisy

b

bad

Bearing {(s) defective

Wearing rings are worn

Impeller is damaged

Pump shaft or shaft sleeve locally at the stuffing box is worn
Stuffing box incorrectly packed

Type of packing used unsuitable for liquid handled
Impeller out of balance

Failure to.apply water-cooling when handled hot llqulds
Clearance between pump shaft and bore of pump casing at
the bottom of the stuffing box too great

Liquid for water seal contains impurities

Gland overtightened

Axial fit of complete pump shaft with impeller incorrect
Insufficient or excessive lubrication

Lubricant contains impurities

Bear ings incorrectly fitted

><><

> >

XX XX X

s > ok

<

Source: Hydraulic Machines - Dr. Jagdish Lal, Metropolitan Book Co. Pvt. Ltd., Delhi, India




