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NEED FOR A PREVENTIVE MAINTENANCE PROGl{/\MME 

1. lNTRODUCTION 

Need for Preventive Maintenance is well established "Prevention is bett(:'r 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 

(f) Ensuring quality of water 

(g) Efficient Working 

(h) Management's confidence ( in ensuring safe, efficient and· 
uninterrupted Water Supply ) 

(i) Consumer's Satisfaction 

In short, for· any Water Supply Scheme, Preventiv,e Maintenance is an 'Absoluti' 
Necessity'. It is a 'Pre-requisite'. 'Wait a complaint' systt::m of Maintenance 
has no place in Modern Management. 

2. PREVENTIVE MAINTENANCEN OF WATER SUPPLIES -

A PRIMARY HEAL TH CARE 

Publications reveal that about 40% of the diseases in the developing countrie� 
are water borne. Water supplied by ill-maintained piped water sypply systems, 
quite of ten, 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 specially 
Preventive Maintenance is essential to improve health of people. 
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3. PRE-REQUlSlTES TO PREVU',l!VE MAlNTENANCE 

Soon after commissioning of a new water :--upply scheme, its preventive.· mJ.intenancc 
should start. ln case Preventive Maink11-11\C1c· is st;irted of ·an old scher11v, rl•h;.iblit­
ation of existing works is a pre-requisite. Experience has shown th;.it in m;:iny 
countries (Specially developing ones), \Vdter Supply Plants/Works/equipment 
sorne times : 

(a) Are dam;:igcd beyond reasonabk repairs. 

(b) Have outlived their life, bu1 are found to be still working ineff iciently 
with frequent breakdowns. 

(c) Are undersized. 

(d) Have in-adequate instrumemotion and metering. 

Before practising a good preventive maintenance programme:·, it is ncce�sary 
to rehablitate all such plants/ works/equipment after identifying them. Where-ever 
necessary additional works be done and instruments/meters provided. A programme 
can be designed which may include preparation of inventory 01 all such items. 
Necessary works in respect of these mus1 be done for a result oriented preventive 
maintenance programme to follow. 

4-

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

OTHER PRE-REQUISTIES 

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

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

Adequate Funds. 

Controlled inventory of spare parts, consumable and St'rv1cing 111dterial i 

tools and instruments. 

Proper Recording System. 

Good House Keeping. 

It has been realised at every level that newly constructed systems, how-so-ever 
well designed and constructed must be maintained well to ensure safe, c-1ficient 
and uninterrupted water sypply to people. But at the same time it must be Jrcepted 
that it is possible only when their basic design is good and these have been consuuc­
ted with best material and high workmanship. Design and constructi01, should 
be such so that its maintenance is simple and could easily be done by tile i-.,.2al 
staff available. Large sums of money have been spent and will be spent ih future 
also for constructing new water supply sche nes. It is essential that ir11rnec �te 
consideration is given through such seminar� to ensure their mainten..ince .. rnd 

Cont ••.... P/ 



( 3 ) 

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

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. l 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

(kl 

(1) 

6. 2 

Surface water supplies with full or partial Treatment. 

This includes 

Intake works 

Raw Water Pumping Machinery including Electrical and Appurtenant 
works. 

Macnmes tor /\Jum Closmg and other connected equipments 

Sedimentation Tanks and Clar'ifloculators 

Rapid Sand Filters 

Slow Sand filters 

Chlorinating Machines 

Clear Water Reservoirs - underground, semi sunk and elevated. 

Clear Water Pumps and associated equipment 

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

Water meter and metering equipment 

Quality control gadgets and apparatus 

Ground and sub-Surface water supplies include wells both Shallow 
and deep, springs and infiltration galle-ies. Springs are natural and 
general hygienic conditions have to be maintained and water quality 
constantly monitored. FoJlowing will have normal preventive mainten­
ance programmes : 



1. 

2. 

3. 

7. 

Open Shallow WeUs 

Tube Wells 

Infiltration galleries. 

( lf ) 

Other items in such schemes can be selected from list 6.1 

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 better drinking 
water to people by practising Preventive Maintenance. 



IMPLEMENTATION OF A PREVENTIVE MAINTENANCE PROGRAMME 

1. INTRODUCTION 

Need for a Preventive Maintenance Programme having been est.1blished, problem 
before- us is how to implement it. Ways and means of implementing a prognunmc 
wilt depend on size and type also. Field conditions and individual constraints play 
an important part and have to be taken into account. lt is a continuous· process 
on basis of which breakdowns can be foreseen and anticipatory repairs and replacc:ments 
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 ldea 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 

(c) Preparing System Design and Preventive Maintenance Manuals 

(d) Making inventory of items required 

(e) Information and Data Collection 

(f) 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 be adopted :-

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

Alternatively, divide into foJlowing stages of Water Supply System : 

I. Intake Works 

II. Production of Water 

III. Distribution System 
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(b) 

(c) • 

2.2 

( 2 ) 

Meduim and small schemes - Make one programme for each 

Very smaU schemes - Make Groups (Number wilt deeend on size and 
type of scheme) 

LOCAL RESOURCES AND EXPERTISE 

For implementing a preventive maintenance programme, local availabili ty 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. 
ln 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. AU this has been 
attributed to lack of emphasis on developing local resources and expertise. For ensuring 
proper operation and maintenance (induding preventive maintenance) of public water 
supplies, the first problem before the Municipal Officials is the availability of 'Trained 
Personnel 1• 

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 required to be arran2.ed in advance. 

3. IDENTIFICATION AND · INVENTORY 

After Preventive Maintenance units have been established as per procedure indicated 
in 2.1 inventory of eactl scheme has to be prepared. For very s�all schemes 'FORM-1 ' 
is recommended. For small, medium and large schemes, more than one format wiU 
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. 

RECORO 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 -0ecision has aiso 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 wilJ 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. 
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(2) 

(3) 

6. 

A Separate crew may do the . Preventive Maintenance work of several 
small schemes. 

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

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. 

CONCLUSION 

Above process for implementation of Preventive Maintenance Programmes having 
been finalised for each scheme or a group of Schemes, Systems wiU have to be 
designed for executing them and this is a subject for discussion of next paper. 



SYSTEM DESIGN AND PREVENTIVE MAINTENANCE 

I.  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 Water 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. 

2. SYSTEM DESIGNS 
This work should consist of the following: 

(a) Classification and Inventory 

(b) lnf ormation and Data Collection 

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

2.1 For Classifying the various items and preparing their inventory. Forms pres­

cribed in the earlier paper are to be adopted with necessary modification 

2.2 

as per requirement in individual cases. 

{1) 

(2) 

Information and Data CoJlection should include: 

Complete specification of the machinery and equipment. 

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. 

( 4) Continuous flow of information regarding inventory to management. 

(5) Backfeed information from field. 

3. RECORDJNG SYSTEM 

One of the most important items of work is keeping a proper record 

of preventive maintenance done and to keep 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 may be called Preventive Maintenance Cards 

or 'PM Cards'. Items for which these /�8\e maintained will vary from 

scheme io scheme. In general, PM Cards, for the following are suggested:-



3. 1 

( 1) 

( 2) 

(3) 
(4) 

(S) 

(6) 

(7) 

(8) 

(9) 

( 1 0) 

( 1 1) 

( 12) 

( 13) 

( 14) 

( 15) 

( 16) 

Note: 

nance 

Diesel Engines 
Transformers 
Electric Motors 
Oil/ Air Circuit Breakers 
Starters 
Pumps 
Clar if locculators 
Chlorinators 

(2) 

Bleaching Powder Dozers 
Sluice/Non-Return Valves/Pen Stocks 
Clear Water Reservoirs 
Air Blowers/Compressors 
Production Meters 

Fire • :H)'drants/Scour Valves 
Air Valves 
Distribution System 
Special System Design is being recommended for Distribution System. 

Experience has also been shown that . if a record of Breakdown mainte­
is also simultaneously 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. 

4. METiiODOLOGY 

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 � -:­
ssary.For code nu�bering separate design is being · made available. 

4. 1 For remaining items a separate system Design is being recommended. 

S. 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. 
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World E� ,� lth Org&nization 
East Mediterranean Region -

Seminar of Prevent ive Ma int enance 
Ma rch 22 - 27 , 1 986 

Water Supply Scheme : 

PM CARD NO. 

Statement of Prevent ive/ breakdown Maint enance 

Done on Die sel Engine N o . : DEN 

Year of Installation 

T otal Number of Hours Run 

Specifications of Engine 

Date Descript ion of Work 
Done 

Initials of 
Technician 
who did the 
work 

- - --

Signature and 
Remarks of 
the Engineer 

. 



DIESEL ENGINE l 

HGurly 

Monthly 

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

Check lubricat ing oil , top up if necessary 
Cheelt that the cooling eys� em is in order 
and free from obstruct ions. 

1 1 .  Clean Air Cleaner. 
2 .  Check outside nuts ,  bolts , etc . , for 

t ightness ( The cylinder head nuts must 
not be tightened when the engine is 
hot . )  

3 . Check fuel system for leaks. 
4 .  Clean deposits from exhaust system. 
5 . lubricate the bearings and grease all 

nipples.  

Six Monthly : 6 .  Check the valve clearance and adjust if 
nece ssary .  

7.  Fit new oil filter. 

8.  Fit new air cleaner element ( Paper 
element type ) 

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

Yearly 

Two yearly 

1 0 . Clean the fuel tank. 

i i .  Decarbonize 

Note : 

1 2 .  Check the crank sheft bearings and renew 
if clearance is excessive. 

The above maintenance recommendations are for 
average operating c onditions. Under very heavy 
duty conditions , air cleaners , lubricating oil 
and fuel filt ers will require more frequent att ention. 



\-Jorlc Heal th Orgunizlit ion 
�at Meaiterr�ne�n �egion 

Seminar on :Prev�utive Mtiintent1nce 
Murch 22 - 27 , 1 986 

STATEM1WT Olt1 :PREV"tNT IVB/ bfiliAKDJWH MA.INT l;NAJ'1CE 

1'Jc1me of Scheme it 

C lclriflocculc1t or i� o, Cil•· 

CMpac ity of Clariflocculat or 

Make And Other Spec ificntions 

Date Description of work 
done 

Year of 
C onatruct ion 

,, 
SigJ'Uiture of S ignuture &. 
T echnic itm lieuiurkt:3 of 
who did the 
work 

�nginee;r 



CIAltIFLOCCUl:ATOhS 

Hourly 

Monthly 

, Check whether System working or not 
l(ecord t imings of dcsludBing in Log She c:t 

1 1 - Lubricate/ Grease Bearings , Trolley 

Wheels 

2- Check Reduct ion Geare , T op oil if 
necessary 

:;- Check alignment and grout ing of rails 

4- Check c ondition of Rubber Tyrcs ,of 
Wheels ( ii' used) 

Six Monthly 1 5- Check c ondition of Steel Tyres 
( if used) 

Yearly 

6- Check turn tliule Mecb.l:lnism, Lu iJricate 

and do Oil t opping if requiredo 

1 7- Down the clariflocculat or,check cha.ins, 
sprockets ,  gear boxes 

a- Check steel frame under water 

9- Check scrliper blades;  T ighten Blade 
Nuts ;  Repair or Replace wast ed/ 
c orroded/ rusted Blades 

1 0- Paint all the steel work and equipment . 
Portion under wat er be done with spec ial 

paint suitable · !'or water submerged 

steel frames . 

]'or Prevent ive Maintenance 01· Mot ors same 

act ion be taken as given in c�rds for Motors. 



World He al th Organization 
E ast Me diterrane an Region 

Seminar on Preventive Mainten ance 

( Ms.rch 22  - 27, 1986 ) A'Tlman 

N a'lle o f  Scheme 

Statement o f  Preventive & Bre akdown 
M ainten ance o f  Tran sfonne r No. 

Capacity ( KVA and Voltage Ratio ) 

Date De scription o f  work 
done 

Initi al s  o f  
Te chnici an 
who did the 

work 

I 
I 
i 
I 
I 

Ye ar of  
Install ation 

- ------------ ------
Sign ature an d  
Remarks o f  the 

Engineer 



Tran·sforme rs 

Mon thl y 

Si X 1-�on thl y 

Ye arl y  

5 Ye arly  

1': 2ke Ge-ne rel  In  S"_pe ction an d checl<' 

Sili ca Ge l .  

see i f  there ' i s  no spi l l ing of  Tran sformer 

Oil 

Top up Tran s fo:rrne r  Oil , Check Temperature­

G auge ,  Venti!:ating PiFe ana Tap changing 

Devi ce .  

Cneck Te rmin al Boxe s  - Both H. T. and L . T . 

I f  the re i s  any mel ting out o f  compound, 

open and redo the j oints. 

Check Dieletri c Strength of oil . Cen trifuge 

or change i f  an d as nece ssary. 

Tighten Bol ts an a Nuts. Che ck i f  e arthing 

i s  intack. Ch ange Silica Gel be fore roiny 

se ason . 

Take out care, Che ck windings rep�ir i f  

neCE; ssary, ove r  haul cle cn ana re set. 



Semin .. : 

He alth Organ izati . .::- · 
' · "' di terrane an Ref• i .:- : 
I reventi ve Mainter: :-.: , c:e , Amman 

· :- :-ch 22  - 27, 19 8( ) 

N ame of Scheme PM Card No . 

Statement of F r-: ,·�· r: tive and Bre akdown 
Mainten ance don e 2n Electric Motor No . 

Specification of  Electric Motor 

Date Ds scriotion o f · 
wo=k • a-::me 

Ye ar o f  
In stall ation 

Initial s of  
Techn ici an 
who di d the 

work 

Sign ature 
an d  Remarks 
of  the 

En ginee r  



Electric Motor 

Daily (Hourly 
o r  

Once in 
3 Hours) 

Weekly 

Monthly 

Two Xe arly 

( a) 

(b) 

( i )  
(ii ) 

( iii) .  

C a )  
(b) 

( c ) 

( d) 

C a) 

(b) 

C c) 

( d) 

C a )  

Keep watch over sound/ vibrations , ·chan ges 1n 
current and voltage , Temperature and sparking 
or over-heating o f  sl ip Ring s. 
Reoord fo llowing on log sheet. 
Current 
Voltage 
Power Consumption 

Check and tighten foundation lx>lts. 
Check all TeDnin als, Contacts, Sliprings and 
Carbon Brushe s. Carry out necessary cleaning 
Repairs/ Replacements. 
Check Coupl ing alignment and bolts. 
Examine Be arings, Clean,  Oil / Grease. 

Blow out dust w.i,th Air Blower 
Check if e arthing is  in-tact 
Check Air Gap 
Check i f  rotor is free 

Comp letely dis assembly the motor, cle an, 
rep lace de fective/wornout bearings, carbor. 
brushe s and holders etc. • 

( t) Blow out, cle an ,  revarni sb, dry and 
re assarnble totor and stator. 

� :- After 10/15 ys ars or after a number of repairs windings 

of statatc r ar-, d.  Rotor become undependable due to long 

life and we atherin� e ffect. It is then desirable to cut 

the old winding and provide new windings. 



World He alth Organi zation 
E ast Mediterranean Region 

Semin ar of  Preventive Mainten ance 
{ March 2 2  - 27, 1986 ) · 

N arne of  Scheme PM Card Ne . 

Statement of Preventive an d Bre akdown 
Mainten ance cbne on Bump- Centri fugal No . 

Spe ci.fi cation of Purnp·-Centrifu gaJ 

' 

Year of 
Install ati on 

Date Des�ription of  Initials of  Sign ature and 
woi:r done Technician Remarks of the 

who did the Engineer 
work 

' 



Pump s Centri fugal 

Daily (Hourly or 
Once in 3 
Hours) 

Weekly 

Monthly 

Six Monthly 

Ye arly 

C a) 

(b) 

( c )  

C a> 

(b) 
( c) 
(d) 

(e ) 

Keep audio, vi sual check on so:u.n ,� ,  vibratons,  
leakage from glands ( glands shoul 6 be so tigh­
tened that about 30 to 40 d.r:ops l e ak per minut 
gauges on suction and delivery sides.  Qieck 
temperature specially of  be arings and glands 
by feel.  Note following observatioRs on log 
sheet. 
Re adings o f  gauges on suction and de li very 
sicles. 
Readings of  Flow �ers - Indicating, Integ­
ratiDg, Recording. 

Check by hand free movement of Pump and 
Motor· assembly. 
Check alignment o f  coupling, Rotating Assembly 
Check Gland P acking, Repl ace in necessary. 

Check and tighten it necessary coupl in g  and 
Foundation bo lts.  
Ensure that lubri cation system at every p lace , 
whether by oil  or gre ase , is working pr0perly. 
Che ck all gre ase cups and Lubricating oil  
ch�ers. Top up rep lace a s  nece ssary. 

( £ ) Cle an �ot Valve. 

( a) 

( b) 

Cc )  

( a)  

Check all valve s on suction and de livery side 
in cluding sluice, Non Re turn , Butterfl y  vlve 
fer snooth o_;;e ration,  e f fe ct ive clo s ing and 
open ing, l e akage from gl and. 
Check accuracy of  al l  gauge s anct flow meters.  
Adj ust if  ne ce ss ary. 
Open In spection cover in the Pump casing ( if 
provided) and t ake out holders or foreign 
matter ent angled in impe ller or casing. 

Check we ar and te ar of Be arings, bushe s,  
sleeves .  Rep lace/Repair as nece ssary. 

( b) Observe shut off pre ssure . 

( a )  
( b) 

( c ) 

Make a thorough general inspection of the Pum:;;: 
Te st perfcrmance of  the Pump as given in 
Sche dule- I I . 
In case { a )  a."1.d  (b) demand, open the Pump 
comp letely, clean ,  repl ace/ rep air de fective 
p arts . Impe ller, sha�t, s leeves, se al ing 
water system, be arings, we aring rings, 
stuffing boxes should be care fully exanined. 



N ame of Scheme 

World He a lth Organ i zation 
E ast r-:edite rrane an Region 

Semin ar on P reventive Maintenance 
( March 2 2  - 27 , 1986 ) 

in Amman 

Statement of Preventive and Bre akdown 
Mainten ance o f  Boreho le Turbine Pumping Set No . 

Specification of the Pump Set 

Date De scription o f  Initi als of 
work done Technici an 

who did the 
work 

' 

Year of  
In st al 1 ation 

Si gn ature aid 
Remarks of the 

Bngj.Aeer 



Daily (Hourlt or 
3 !burly) 

Weekly 

Monthly 

Ye �rly 

Borehole Turbine Pympipg &et 

�art from fill ing of following inlog sheet 

watch lubrication system. The pump may be 

oil/ 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. 

Che ck Gland se aling, replace p acking 

if required. 

( 2) Check and tighten foundation bolts. 

( 3 ) Check moving and fixed cont acts of starter 

and switch. Rep air / Rep lace as nec-essacy .  

(i ) Check tne Impeller settl in g  and do 

re- adjustmen t i f  necessary. 

(ii )  Have a check on the �oun t o f  tensioRing  

require d on the shaft tube s .. 

(iii ) 

( iv)  

(v) 

Cle an and gre ase motor be aring. 

Check leve ling of discharge he ad. 

Blow out Mo tor. 

Re-do the tube ten sioning. Conduct 

performance test, if perfoi:man ce  is much 

be low the o riginal te st figure s,  carry out 

complete over hauling o f  the Pump and Motor. 

W:::>J::n out p arts be repl aced. 



Name of Scheme 

World Health Organization 
last Medite rr ane an Region 

Seminar on Preventive Maintenance 
( March 22 - 27 , 19�6 ) in lmnan 

Statement of Preventive and Bre akdown 
Mainten ance of Sul::mersible Pumping Set No. 

Specification of the Pump Set 
Year of 
Install ation 

Date Description . of In :.ti als of  Sign ature and 

work done Te chn ician Remarks of the 
who did the Engineer 

work 

I 



Daily (Hourly or 
3 Hourly) 

Weekly 

Monthly 

Yearly 

Sumeraible Pumping §et 

Keep watch and aote ill log sheet a-

( 1 ) Current 

( 2) Voltage 

( 3 )  Depth aJld pressure gauges 

Sigiaificant change in sound be an aiysed. 

Check starter specially the over load relay. 

( 2 )  Check Moving and fixed contacts o f  starter 

and Switch. Repair/ Replace as necessary. 

Che ck Sluice and non-retum valves for 

proper fun ctioning. 

Conduct perfoi::mance Test. I f necessary take 

out tJ-1e Pu."nping Plant.  Disrnentle it. The 

moving p arts o f  motor and pmnp be checked 

and rep la-:::e d if  required. 

( 2 )  Exanine Be aring an d  Thrust P late s. Repl ace 

if nece s sary. Re- adjust the irnp .... el l-e rs and 

o:n1p lir. ; • 



World He alth Orgar: ::. : ·_ L'n 
East r-�editerranean -: -: ion 

semin ar o f  P reventive r: . �r:-:.e:: ance 
( Ma re h 2 2 - 2 7 ,  J : c:, S ) 

N ciT\e of  Scheme 

Statement of P revent ive ar.d Breakdown 
Mainten ance oone on Cnlorin ator No . 

Speci fication of Chlorin ator 

PI-: Card No . 

Year of 
In stall ation 

Date De scription of In iti als o f  Sign atu re 
wo rk done Techn ician Remarks o f  

Arrange to Engineer 
look wel l 

and 
the 



Daily (Hourly or 
3 Hourly) 

Weekly 

Monthly 

Six Monthly 

Yearly 

C a> 

Gaseour C'- · : rin ators (Pre ssure/ G!'�vity/ 
______ .'-' 5cuurn Typel 

Keep chec �� over le akage of  chlorine from jo'ints 
and co ck!" by using Liquor Ammon ia White fumes 
o f  lrnmonium chloride are indi cation of le akage . 

(b) Ensure ade quate supply o f  water to chlorin ator. 

( c) Note following in Log Sheet . 

C a >  

I .  Rate c f  chlorine do ze in Kg/hour and Low 
Pre s sure Gauge . 

II . Weight o f  cylinder in case it is· on we ight 
Bridge . 

Check wo rking o f  solutionize r  Tower/ Inj ector. 

(b) Turn cylinder valve and en sure its working. 

C a) Check Moi sture Trap , Replace fi ll if necessary. 

( b) Check safety equipment and l!et operators under 
go the dri ll in use of safety apparatus.  

C a) 

C a) 

Pull servicing o f  the e quipmer1t,  including 

ex�nin ation o f  daphrams, f1lte rs,  washers, 
Nuts, High Pressure Pumps, E lectrical 

equipment etc. 

Rep lacement of we athered Ho se s .  

(b)  Dismantle solutioni zer  Tower# c2- e an and 
re assemble . 

C c) Open valves and other P art E· .  Re assernable 
after Servicing. 

(d) Paint extern al p arts. 



PREVENTIVE MAIN lENAN Q:;  OFDI S'l'RI BU'l'ION S:!STEM 

1 .  INTRODUCTION : 

Bro adly, Wate r Supply  System consi sts o f  Intake works, 

Tre atmen t works and Di stribution System . But for the 

con sume r, it  is  the Di stribution System which i s  the 

mo st signi ficant. Public demand for more and bette r 

wate r i s  incre asing every dayo It is, the re fore, nece ssary 

that thi s part of the water supply system is  given due 

impo rtance and care .  The same Di stribution System, i f  

well ope rated an d  well m aintained will provide better 

se rvi ce to publico Centinuous or  uninte rrupted supply 

i s  always pre ferabl e .  But problem i s  how to achieve it.  

2 o Preventiv� Mainten ance Programme , 

Mainten ance o f  a Distribution system i s  carried out in 

two p arts, oorrective and preventive . For improving the 

statu s  of  water supply, i t  i s  the Preventive Maintenan ce 

whic h i s  important. It require s  i denti fication o f  certain 

j obs which need be done in a systematic and regul ar way. 

For example, in a system whe re  number and frequency o f  

le akage s i s  high, a scienti tic study i s  nece ssary to i denti fy 

the cause s and make a time scheduled  programme for 

recti fication of  de fe cts and shortcomings  in the exi sting 

system. Le akage s o ccur due to failure o f  pipes and their 

j oints. Cause s  o f  'More and Frequent Le akage s '  are : -

( 1 )  Joints not made prope rly o r  poor wo rkmanship. 

( 2 ) Le ss cushion over pipe s .  

( 3 ) In ferior quality of  pipe s .  

( 4 )  Pipe sdamaged due to inte rn al and external corro sion . 

Thi s is  genera.lly due to �£i;lsive action o f  water it  
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carries  or soil in whi ch the se pipe s are l ai d. 

{ S )  Improper de sign . 

{ 6 ) Othe r cause s o f  failure of pipe s and jointsin clude water 

hammer, absence of  th.rust blo cks, _ metal fatigue .? 

vibrations due to trafti c¢, sinking of  pipe s line due 

to be am  action, imp roper operation c 

2 . 1 Main components o f  di stribution system ap art from 

service Re se rvoirs are men tioned in ' FORM !:> '  - Inventory 

of  Main Items o f  Di stribution System o But be fore 

de signing a p rogramme for preventive mainten ance o f  

di stribution system, i t  i s  nece ss ary to have a detailed 

pl an showing : -

1 .  Complete network o f  pipeline system, showing size o f  

pipeline s, length o f  segments, type o f  pipesu se d. 

2 .  Reduced level s at several and relevent pl ace sc 

3 .  Location and de tail s o f  water re servoirs. 
S(...vi,ee 

4.  Location and si ze of •• fine valve s, non return valve s, 

Air Valve s, Fire Hydran-cs, Scour Valves, De ad Ends. 

s. Boo sters / Zon al Pumping Station . 

6 .  Stand Po sts. 

7.  Water Pres sure in di stribution system during mo.ming 

and evening pe ak hours. 

De scription o f  pi�elines shoul d be as unde r  : ­

Length in Meters/ Di ameter in mm/ Type o f  pipe use d. 

Nonnally following pipe s are u sed in distribution 

network : -

{ a) Cast Iron witn le ad joints.  
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(b )  Duclile Iron/ Cast I ron with Tyton j oints. 

C c) Asl.estos cement pipe swi th detachable j oints. 

( d )  PVC/ HDP Pipes.  

{ e )  Steel mains 

{ f ) Pre stre ssed concrete pipe s. 

{g ) R. c. c. Pipe s 

( h )  G . I .  Pipe s mo stly u sed in House Connections .  For 

example in a distribution system a segment PVC o f  

pipe l ine 520 Meters long, 150 mm indi arneter shoul d 

be shown as : -

5 20/1 50/ { d) 

2 .  2 Te sting of  Pressure Pipes 

The fiel d te st pressure to be impo sed shoul d  be not less  

than the gre ate st o f  the fol lowing : 

( i )  l½ times tne m aximum sustained operating pressure ; 

( ii )  l½ times tne maximum pipeline static pressure ; and 

{iii ) sum o f  the maximum sustained operating pressure or the 

m aximum pipeline static pressure and the maximum cal­

cul ated surge pressure 

subj ect to a maximum equal to the works te st p re ssure r 

for any p ipe s and fittings incorporated in the pipe line. 

The field te st pressure shoul d whe rever possible be not 

less  than two-thirds o f  the works test p re ssure appropri­

ate to the cl ass o f  p ipe excep t in the case o f  spun iron 

pipe s an d  shoul d be applied an d  m aintained for at least 4 

hours. 

Where the field te st pre ssure i s  le ss than two-thirds the 

works te st p re s sure, the period o f  te st shoul d be increased 

to at le ast 24  hours. The test  pre ssure shall be 
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graduall y  raised at the rate of  ne arly 1 kg/an2/min. 

In the case of spun iron pipe s, the hydrostatic test 

pressure after installation is to be adopted in ste ad 

of the works hydro static te st p re ssure wnich i s  3 5  

kg/an2 unifonnly for al l  cl asse s  of  pipe . 

Hydro Stati c Te st pressure at fiel d after in stall ation 

is  general l y  1/ 2 to 2/3 o f  Hydro Static Te st pre ssure 

at wo rks, but duration i s  many times more , sometimes 

4 to 24 hours in ste ad of  1 5  to 3 5  seconds at wo rks. 

I f  pressure me asurements are not made at the lowe st 

point of the se ction, an allowance should be made 

for the static head between the lowe st point and the 

point o f  me asurement to ensure that the maximum 

pressure i s  not exceeded at the lowest point. I f  a 

drop in p re s su re occurs, the quantity of wate r  added 

in order to re-e stabli sh the test pre ssure should be 

careful ly me asured. This shoul d not exceed O . l  litre 

pre mm o f  pipe dia per km o f  pipeline per day for 

e ach 30 m he ad o f  pre ssure applie d., 

The allowable l eakage during the mainten_ance stage 

of pipes  care fully l aid and well tested during 

construction, however, shoul d not exceed 

where. 

qL = __ N_D_./...._�P�--
115 

qL = allowable leakage in lpd ; 

N = number o f  j oints in the length o f  
the pipel ine ; 

D = diameter in mm ; and 

P = average test pressure in kg/an2 

This figure i s  appli cabl e to spigot and socket CI 
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pipe s and AC pre ssure pipes, thrice this figure 

may be taken for steel and pre stressed concrete 

pipes.  

2. 3 Jobs to be carried out as a p art o f  this programme 

are : -

( a )  Regul ar inspection s of di stribution system. For 

thi s an inventory o f  j obs to be done i s  nece ssary. 

Programme shoul d be so arranged that each segment 

along with its valvesand special s be inspected once 

a week. 

(b )  Thougn inspections be done weekl y, but all tne things 

need not be noted every week. Obse rvation to be 

m ade can be divided as under : -

Weekly ( 1 )  Observe leakages on pipelines, stand po sts, 

Fire Hydrants, Air Valve s  etc.  

( ii )  Check Pressures at criti cal predetennined 

pointso (The se points will serve as base 

in subse quent studies/ surveys ) .  Inve stigate 

in case change i s  signifi cant. 

( iii ) Study Wate r Level records in Reservoirs • 

Take preventive measures in case o f  serious 

deviation s. 

( iv) Check i f  wate r level and other g auges and 

mett:!rs are in working order. 

Monthly ( i )  Open Scour Valves and Flush the system. 

( ii )  Flush de ad ends ( Fire Hydrants be provi ded 

at de ad ends ) . 
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Six Monthly ( i ) Inspectre se rvoirs and othe r civil 

Engineering structures 

Ye arly 

( ii ) Check Bulk meters and rep air/ calibrate, 

i f  necessary. 

( iii ) An inventory be prepare d o f  out o f  orde r  

con sumer meters. Tho se considere d  damaged 

o r  de fe ctive be repl aced/ rep aire d. 

( i )  Carry out waste control drill . 

( ii ) Carry out Le ak Detection Survey 

( iii ) Asse ss unaccounted for wate r. 

(iv) Me asure ' C '  Valve in selected sections o f  

Pipeline net-work where pressure drop 

appe ar high. 

(v )  Cle an  and di sinfect water Re servoirs and 

p aint date o f  cle aningo 

(vi )  Cle aning pipe line s with a view to remove 

incrustation, tubercul ation, slime growth 

and depo sit of  Sediments -,Nonnal methods 

employed are : -

( a )  Mechanical cleaning by using steel springs 

or  Polyurethane foan swabs. 

(b)  By using chemical s including chlorine . 

C c ) Pre ssure ±lushing 

( d) By u sing compressed gas. Observations made 

be noted on profonna enclosed as appendix. 

2 .  4 By practising pipe cleaning, c. Valve in certain cases 

is  incre ased from 5 ·5  to over 100. In bigger diameter 

pipes cemen t  lining incre ase d  • c •  Valve substantially  

and it  proved that it was much more economi cal to cement 
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line the pipes than l aying a supplementary main or 

to repl ace the old main with a new and bigger main. 

Study about po ssibility o f  achieving economy by 

cleaning, cement lining and byspeci al tre atment like 

' Calgon Tre atmen t '  should i . e . Tre atment with sodium 

Hexameta pho sphate ( w a P O 3 ) 6  should tonn an 

important part o f  Preventive M aintenance . There i s  

no scope here o f  de scribing the se methods. Su fficient 

literature s i s  avail able de scribing the se proce sse s and 

their possible advantage s .  

Leak Detection and Waste Control 

In every .di stribution system, some per centage o f  water 

rem ain s unaccounted- for. If it is upto 15%, it i s  

re asonable, but any thing beyon d  25% i s  serious and 

cal l s  for imme diate me asures to check leaks and wastage . 

Un accounted  for water i sjust l ike disappearance o t  

money from pocketo 

Dete ction and Location o f  Leakages 

Surface le akages can be obse rved vi sually while  for 

unde rground (not visible on surface ) leakage s we need  

e quipment and apparatus. The various methods adopted 

a.re : -

( a ) By obse rving vi sually 

( b )  By sound ( Aqua phone or  Batte ry , Operated) Le ak detector. 

( c) Using chemical s like Nitrous Oxide 

( d) tlse of  Ele ctronic leak detectors 

( e )  U sing Radio I sotope s. 
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4 . 1 Regarding methods o f  Leak Detection an extract from 

Wo rld He al th Organization Proj e ct Report No . INDIA 

0 1 76 :  0 3, Bombay is attached as annexure to this  

document. 

Methods of le ak detection 

The methods o f  assessment o f  waste di scussed so far will 

generally give an indication of  the vicinity of the 

le akage, the accuracy depending on thedetail o f  the 

inve stigation . It  i s  then nece ssary to locate the 

actual leak po sition be fore rep ai rs can be undertaken. 

It  is  nece ssary to know the exact pipe alignmen t be fore 

leak location can be undertaken . 

Several methods are avail able forleak location, generally 

dependent upon detection of the sound generated by the 

e scaping water. 

Sounding, the process o flocating a le ak by maximum 

intensity o f  sound, may be carried out by dire ct or 

indirect methods. 

Leak noi se 

Direct 
Indirect 

- on pipe or fittings 
- on ground surface 

Water generates noi se inesaaping _ through a hole and 

pl ays against surrounding materi al .  Local e rosion m ay 

fonn a cavity around the pipe above or below free 

water level o 

Noi se i s  set up as a re sul t o f  the following factors : 

( a) Turbulence through the ori fi ce producing mechanic al 

vibrations in the pipe. 
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( a) Jet turbulence through the o ri fice o r  in the cavity. 

( c )  Water hitting side s  o f  the cavity. 

Expe rimental "WO rk at WRA has shown that for a j et le aking 

into stones, the jet  bre ak-up noi se is  transmitted through 

soil and into the pipe at medium frequencie s.  Di rect 

sounding is be st here, since highe r frequencie s are 

attenuated through soil . 

For a jet  leaking into water, j et bre ak-up noi se is  reduced 

but cavitation produces high frequency noise . Thi s i s  be st 

be ard on the pipe i . e .  by dire ct sounding o Depth of  cove r  

affects higher fre quencie s by line ar attenuation and lower 

frequencie s are l e s s  attenuate d. Un fortunately traffic  

noi se may al so be at  low frequencie s.  In  praci tice the nature 

of the surface, tarmac, p aving blocks, cobble s, setts 

etc. , has a gre ater e ffect than the depth of  cover on 

the tran sfe r  o f  sound. 

Since le aks may occur in any condition, it must be 

accepted that le ak noi se i s  covered by a wide band 

of frequencies .  

Taking the se conside rations into account an d  adding 

comments rel ate d to equipment, the factors affe cting 

the performao: e  o f  le ak detection by acoustic methods 

may be summari sed as follows : 

( i )  Character o f  noi se at source, e speci ally the 

frequency spe ctrum. 

{ ii )  Depth and type of  ground cove r causing variable 

attenu ation o f  frequencie s.  

( iii ) Extraneous noi se ; traffic has  random fre quen cy, 

but other type s o f  interference may be more e asily 
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identi fied when using e ar only. 

( iv) The con tact of any pi ck-up wi th the surf ace 

affe cts frequency respon se .  

( v )  Pick-np de sign ; both mechanical and el ectri cal . 

( vi )  Amplifier characteri stics and inte rn al noi se 

level . 

(vii ) Indicating method, mete r or earphone . 

I t  i s  in te resting to note that factors ( i ) ,  ( ii ) and 

( iii ) are tho se over which an operator has li ttle ot 

no control.  The remaining four factors £2!1 be made 

con stant to some exten t  when for instance, one 

operator  always use s the same piece of  equipment. 

Hence the app arent succe ss o f  ce rtain e quipmen t i s  

o ften due to the skill  and con stancy of  skill and 

hax1dling procedure o f  the operator concemed. 

Equipment and methods 

Ste thoscope or sounding rod 

This is a tradition al method, the use of which entai l s  

con side rable skill ,  but the le ak must be audible . The 

l e ak noi se transmitted to surface or pipe fitting i s  

tran sferred to the ope rator ' s  e ar by using some fo.t:m 

o f  • stick ' made o f  iron, ste el etc.  A typic_al example  

use d  by Bombay Municip al Corporation consi sts of a 4 ft. 

lmng, hal f-inch di ameter mil d  steel rod, fixe d  with a 
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cup like shape brass cap of 2"  di ameter  at one end. 

In seve re case s  ai r  tran sfer i s  su fficient, i . e . the 

sound can be he ard without any aid. In the WRA� s 

and CPHE RI ' s  and BMC ' s  e.xperience ,  it has been 

e stabli shed that a skilled �nspector can accurately 

locate the po sition of  a leak in 80% of case s, using 

a sounding rod. 

Electronic ampli fying devi ce s 

The se in struments detect and amplify the noise level . 

Certain frequency range s can be cho sen to ampl i fy the 

leak noi se selectively or fil ter out some unwanted 

noises .  Howeve r, thi s  equipment i s  also susceptible 

to extraneous noi se s. It  will  tre at them in the same 

manne r as the le ak noi se ,  possibly increasing the 

unwante d  noise inte n1 ally in the in strument. Example s 

o f  thi s e quipment are the 'M . Scope ' ,  Terroscope and 

Detektron . 

Method o f  use of soun ding rod and electronic e quipment 

Once a section of water main has be en  e stablishe d  as 

leaking through step te st checks location of the leak 

is carried out by sounding along the main . In U . K. , 

such a sounding traverse is carried out by direct 

sounding on hydrants, stop-co cks ,  until the approximate 

po si tion is  detennined. Then local indirect sounding 
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on the ground surface i s  made to pin point the 

po si tion . In Bombay the practice has been to carry 

out a soun ding traverse along the line o f  the m ain 

at about three feet interval s on the ground surface .  

I t  happen s occasion all y  that the high velocity o f  flow 

in  pipel ine s cre ate s a hissing noi se which may be 

mi staken for a le ak. In such cond.i tion s the sounding 

traverse i s  made along the length o f  the pipe to det­

e :rmine i f  the noi se persi sts .  I f  it  doe s  i t  is unlikely  

to be due to le akage . 

Generally the use of  sounding rods alone will en able a 

leak po sition to be pin-pointed, but it  is  frequently 

nece ssary to follow up with electronic e quipment to 

de te rmine the exact le ak position. 

Following street location by metering and step te sts, 

the location of a leak i s  first indenti fied  as a 

• servi ce • or 'main • leak i f  it  i s  not otherwi se possible 

to pinpoint it by maximum sound intensi ty. Sounding i s  

carried out on consume rs stop-valves, first with them 

open and then closed. I f  the sound continues after 

closing, this indicate s that the le ak i s  on the main .  I f  

the sounding ce ase s on closing, the leak i s  occurring 

be yond the stop valve . 

Pin-pointing o f  the exact location i s  carried out by 

furthe r sounding to identi fy the position o f  maximum 

sound inten sity. 
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Nitrous ixide 

Nitrous ixide is u sed as a tracer to locate le aks in 

water main s, of  l arge and smal l  di ame ters, which cannot 

be traced by tradi tion al technique s.  The gas  is  mixe d  

wi th water in the main and is rele ased at points o f  

le akage . It  i s  then de tected  using spe ci al portable 

equipment.  De tailed de scription of  this te chnique is  

given in  Appendix c. 

Cut and cap 

With thi s proc:edure, the main i s  i sol ate d  from all 

other conne ction s and wate r is  suppl i ed to the main 

from a mete r. The m ain is cut and capped in the cent� . 

I f  flow still continue s the leak l ie s  be tween the mete r  

and the end cap ; i f  the flow through ce ase s, the leak 

i s  down stre am  o f  the centre c apping.  

The proc:e ss is  repe ated wi th succe ssive sub-divi sion o f  

the main into even smal ler section s.  In some case s, a 

valve i s  cut into the main in ste ad o f  capp ing it. 

An al te rn ative may be to freeze the main in ste ad o f  

cutting an d  capping i t. 

Correl ation technique ( LINDA)  

Thi s i s  a technique which has  been developed by the WRA 

which i s  used whe re sounds can be he ard which give no 

in dication 0 £  the exact location 0 £  the leak. It i s not 

curren tl y  avail able as a routine pro cedure but has been 
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prove d  on site . 

The te chnique i sol ate s  the spe cific  sound pattern o f  

the le ak and de termine s its time o f  arrival at various 

points along the main .  

Sound re cordings are made simul taneousl y  on a mul ti­

track tape reco rde r from seve ral points on the main .  

The time l ag between the same sound p atte rn on any two 

tracks i s  obtained by correl ating (multiplying togethe r  

and inte grating ) one tape with another. Thi s re sul ts 

in the fonnation of a correllogram. �ben a serie s o f  

correl lograms has been obtained along the main i t  is  

possible to find the po sition o f  the .  le ak by me an s  o f  

a graphical con struction . 

Halogen compounds 

The main i s  filled with ai r do se d  wi th a substance 

containing one o f  the halogens, normally  carbon 

te trachloride or freon and the e scaping gas i s  de tecte d  

by a sen sitive commeri::ial instrument. 

One of the problems i s  the danger o f  introducing gas 

unde r pre ssure into a main, e speci ally  where a high 

pre s sure s  are nece ssary to make the leak apparent. 

A 115  or 2 30-vol t power supply i s  requi red for the 

detection equipment. 

Other methods 

Much o f  the skill associ ated with l e ak detection i s  

. . . . . .  15 
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equipment. The operator ' s knowledge o f  the 
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geography and environment of  an are a o ften contribute 

to the e fficiency o f  de tection . The following is  a 

typical li st o f  points o f  evidence which, dire ctly or 

indire ctly may le ad to location o f  a leak. 

Knowledge o f  other servi ces crossing the line o f  the main. 

Recent excavation s to o ther se rvi ce s .  

Di scolouration o f  walls/buil dings. 

Mo ss on wall s .  

Uneven ro ad surface s, discolouration . 

Uneven p avements. 

Re cent seve ring of supply to old se rvice s. 

Hydrants recentl y  used by contractors, fire brigade s e tc. 

Loss of suppl y  or pre ssure reduction to adj acent premi ses. 

Radioactive treacers can be used which are very 

sensitive, bu t at operational levels  o f  radio activity 

p resent heal th hazards . 

Any di stribution system has a l arge number o f  j oints. 

Even after taking all possible me asu re s, some leakage 

will  o ccur through it. Upper limit o f  such le akage i s  

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

So Waste Control 

Wastage in di stribution system i s  through is be cause 

o f  several re asons.  Prominent arnong these are : -

1 )  Le akage s in pipe lineso f  the undertaking. 

o • • • • 16 
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2 )  Le akage s inse rviceconnections, abondoned main s and 

through valve s, fe rrules, hydrants e tc. 

3 ) Unregi ste red connections.  

4)  Faul ty and damaged mete rs.  

5)  Wastage o f  wate r through unmetered connections 

(P aying fixed charge s ) . 

6 )  The ft of  water. 

7 )  Through stand posts. 

5 . 1 Le ak detection and waste control is in itsel f a vast 

subj ect. Le akage s dete riorate statu s  o f  water supply and 

drains off valuable revenue so f the Water Unde rtaking. 

Further it le ads to : 

i ) ' Poor Maintenance due to L ack o f  Revenue ' . 

ii ) ' Water Shortage and Low Pressure ' •  

5.  2 The re are various me thodologie s being practi sed. 

But the main principle i s  the same i . e . unaccounted for 

water i s  equal to di fference between water produced and 

water for which undertaking gets revenue. For carrying 

out these studies, di stribution system is divided into 

Zone s and Sub-zone s.  

zone 

Sub-zone 

- I s  a p art o f  the di stribution system which 

has hydraulic bound.tie s, generally created 

because o f  geographical conditions .  

- A Segment o f  di stribution zone which can be 

Segregated hydraulically by closing Sluice 

Valves.  

Generally, study for assessment of  ' wastage I or 'un accounted 
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for water I is done sub- zone wise . Variou s type o f  

meters are used  to me asure/ asse ss incoming flow in to 

the Sub zone. Water  supplied to various consumers 

through me ters an d  to unme tered con sumers is me asure d/ 

asse s se d  as accurately as possible . Evaluation o f  

wastage i s  done a s  unde r : -

% Wastage = Wastage as asse s sed  in 24 hours x 100 

Total flow into the System in 24 hours 

6 .  Case Study 

To ge t an ide a  about the bene fits achieved by implemen ting 

a ' Le ak detection and Waste Con trol ' ,  prograxnme s, re sul ts 

achieve d in Bombay can be quoted : -

WORKS DONE IN BOMBAY 

Bombay Municip al Corporation, M/s Binnie and Partners 

an d  CPHERI had j ointly carried out an inve stigation in 

N ape an Se a  Road are a of Bombay. The highlights o f  a 

case study are brought out in brie f. 

N ape an Se a Ro ad zone is fed by a 1 2 1 di a. outlet from 

Mal abar Hill reservoir. The age o f  themain ranges 

from 70 to 110 ye ars .  The pre ssure survey showed consider  

able drop and hence thi s was selecte d  for a case study. 

N ape an sea Road zone has 7½ hours supply and hence night 

flow me asurement was not possible . The study was limited 

upto municip al limi t for waste asse s sment and le ak 

detection . 

Zone was divide d  into five sub-zones an d  the waste 

asse s sment was carried out independently in e ach sub-zone 
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by revenue by pass  me ter.  After waste asse ssment the 

pipe al ignment, leak dete ction and repairs were carried 

out and the zone s we re again te ste d  for final loss.  

SUB ZONE 

I ST SUB ZONE 

2ND SUB ZONE 

3RD SU B ZONE 

4TH SUB ZONE 

5TH SUB ZONE 

Ini tial Loss 
(gal s/in di a./ 
mile/day 

7, 170 

6, 1 40 

73, 00 0 

75, 600  

3, 6 80 

Fin al Lo ss 
( gal s/in dial/ 
mile/day) . 

4, 780 

1, 205 

6 , 280 

4, 2 10 

3, 440 

Te st re sul ts show that there i s  remarkable improvement 

in the water loss in subzone s 3rd and 4th. I t was obse rved 

that the se losse s  are attributed to ( i )  le akage on disused 

conne ction s, ( ii )  unregi stered conne ction s, and ( iii ) under­

ground le akage o f  main pipe and at fer.rule connection s . " 

7. Economics o f  Waste Control 

There i s  a problem in de aling with thi s issue accurately. 

Identi fying and evaluating in figure s  all bene fits 

accrued and expenditure incurred i s  di ffi cult. But this 

should not stop u s  from making as accurate asse ssments 

as possible . Asse ssments o f  bene fi ts is  al so problematic. 

suppose in a system suppl ying 10 mld water, i t  has been 

possible to save 1 mld. Saving of  water i s  10¾ • But 
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it doe s, in all case s, mean that afte r  implementing the 

programme, revenue will incre ase by 10¾ or expenditure 

decreased by 10%. I f  unde rtaking purchases bulk water, 

then there m ay be a saving of ne arly 10%, but in case 

raw wate r i s  free , savings will be equal to the cost 

of Ele ctricity used for pumping and chemical used for 

tre atmen t ap art from some improvement  in tennin al pre ssures 

due to reduced draw off in the areas where le akage s were 

he avy. 

a. Metering 

Preventive Main tenance o f  wate r mete rs used on consume rs ' 

connection s i s  important to ensure p roper billing and 

collection. There shoul d be a programme for repl acing 

de fective and \I/Orn out mete rs and al so for correcting 

in accurate one s.  Experience has shown that poor in stal l ation 

condi tions and tampering o f  meters have been the main 

re asons  in some countrie s for defectsand damage in water 

meters. Standardi zation of install ation of meters and 

educating public together with choice of proper de sign o f  

mete r  will  bee ffe ctive in meeting the situ ation. Use o f  

we t  di al water meters will  reduce :tampering. 

8. 1 At the end o f  e ach month the Me ter Re ader wil l  

furni sh a statement o f  de fective/ damaged/ in accurate 

meters in pro fonna enclosed. It will  be be tter i f  all 

the se meters are taken out and in their pl ace new/ over 

hauled te sted mete rs installed. Meters taken out from 
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con sumers connection s should  be sent for rep airs. But 

taking out ol d mete rs, sending them for rep airs shoul d be 

properly recorde d in Mete r  Ledgers. 

9 .  Re cord and Record Keeping 

Keeping adequate re cord in a scienti fic way i s  an integral 

part o f  system de signed for Preven tive Mainten ance o f  a 

Wate r Supply Scheme . Re cords provi de an excellent 

do cument to know things done and to be done . PM records 

till when mainten ance was l ast done, when time fo r next 

check i s  appro aching. Thi s en able maintaining a pre­

de tennined schedule to ensure that nothing is forgotten 

and le ft undone. 

9 . 1 wnat re cords are to be maintained i s  mentioned in 

di scription al re ady made . The se records should  be care fully 

pre se rved and filed in a systematic way so th at they c an 

be avail able when re quire d. Mainten ance o f  the se records 

co sts little , but the se are o f  great value subsequentl y. 

10 . Fonnation of  Preventive Maintenance Te ams 

Thi s depends on several factors specially si ze of the 

Water Supply Unde rtaking an d  thei r  number in case o f  small  

schemes.  In  l arge unde rtakings  several Preventive 

M aintenance Te ams will have to be fonned. Whether thi s  

te am i s  entruste d  wi th the work o f  Bre akdown mainten an ce 

or  not will again depend on Volume o f  work involve d. 

Thi s procedure will help Preventive Maintenance as per 

schedule .  Say in a medium si ze Scheme with 100 MLD supply  

for a popul ation o f  say 4000, 000 and having convention al 

Tre atment System, Preventive Mainten an ce may pre ferably 
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be done sep arately at fol lowing pl ace s : -

1 .  Intake works and Raw Water Pumping Station . 

2 .  Tre atmen t works and Cle ar Wate r Pumping Station . 

3 .  Di stribution Systems.  

( a) Boo ste rs and Zon al Pumping Station s .  

( b) Pipeline ne t work. 

1 0 . 1 Te ams m ay con si st o f  fol lowing.  The se te ams can 

do Preventive M ainten ance for 2 wee ks and during the 

rem aining p art o f  the month do Bre akdown or othe r mainte­

-n an ce j obs. 

1 .  Intake works and Raw Water  Pumping Station . 

Electrici an 1 

Fil ter Mechanic 1 

Helpe rs 2 

2 .  Tre atment works and Cle ar Water Pumping Station . 

Eiectrici an 1 

Fil ter  Mechanic 1 

Helpers 2 

3 .  ( a )  Electrician 1 

( b) Helper 1 

( b) Plumber 1 

Me ch anic  1 

Helpe r 1 

10 .  2 Since number o f  In stal l ation s an d  are a wil l  be l arge 

in case o f  3 ,  te am 3 ( a L  may probably be able to cover all 

Boo ste r / Zon al Pumping Station s in 2 weeks, but te am 3 ( b) 
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Code Numbe ring System 

1 .  INTRODUCTION 

As men tioned in para 4 o f  System De sign and P reventive 

Main ten ance , code numbering is  nece ss ary for l arge wate r  

supply scheme s .  In  Small Scheme s, it is  not e ssenti al 

In l arge scheme s, fi rst the system as a whole h asto be 

divided into stage s : -

1 .  Intake Works. 

2 .  Tre atment Works 

3 .  M ain Pumping Station s .  

4. Di stribution System. 

Code 1 ,  2, 3, 4 be given in numbers o f  -various i terns 

containe d in e ach of  the above works. Main coding m ay 

be done as shown on Annexure attached ' Code Numbering 

System ' .  

2 .  Detailed Code Numbers 

At works speci fied  by 1 ,  2, 3, 4 there i s • a  l arge number 

o f  e ach i tern. For example, Sluice Val ve sand Pumps are 

present at e ach work and that al somany in numbers. All 

the se have to be numbered systematical l y  :-

( a )  Sluice Valve s at  Intake Works -Number as  below : -

1/SV/1 

l/SV/2 

1/SV/3 
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(b )  Sluice Valve s in  Zone s of  Di stribution System -

Number as below , _  

4/I/SV/ 1 

4/I/SV/ 2 

4/I/SV/3  

2. 1 As  has beenmentioned earl ie r Inventory Fonns are 

a model . Identi fication numbers and Code Numbers coul d 

even be s ame .  Once code numbe ring system has been 

e stabli she d, in the Inventory Fonns al so instead o f  

Identi fication numbe rs code s  coul d be used. 

2. 2 As far as possible all machinery and equipment shoul d 

be p ainted  with the se code numbe rs to facilitate day to day 

working. 



I tem 

Tubewell 

Bar Screen 

Sump Well  

Foot Valve 

Pump 

Motor -LT 

Moto r  -HT 

Code Numbe ring System 

Abbre- ] Intake Tre at- M ain Distribution System 
vi ation : Works men t  Pumping Zone I Zone II Zone III  Zone ' 1 Works Station 

2 3 4/I 4/I I  4/III  4/IV 

TW 1/TW - - 4/ 1/TW 4/II/TW 4/I I I/TW 4/IV, 

BS 1/BS - - - -
r 

SW 1/SW - - - -
FV 1/FV - 3/FV - -

Phi 1/Pm 2/Pm 3/Pm 4/I/Pm 4/II/Pm 

Mt 1/Mt � - 4/I/Mt 4/II/Mt 
LT LT LT LT LT 

Mt � - � - -
H . T. H . T  H . T. 

Note : I f  item h astwo words, use 2 Blo ck Letters for 

abbrevi ation . I f  i tern has only  one word, u se 

first letters in Block and othe r in Snal l .  

- -
- -
- -
- 4/IV, 

- 4/IV, 
LT 

- -



PREVENTIVE MAIN TENANCE AND WATER QUALITY 

1 .  INTRODUCTION 

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

Common causes of pollution in the distribution system are: 

2. 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 external corrosion is caused by corrosive action 
of soil and waste water through which pipes often pass. 

3. LEAKS 

Leakages in pipelines develop because of number of reasons. During 
non-supply hours waste water f rom the drains etc. enters into the pipelines. 

4. 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 caused. 

5. IN TERMITTENT SUPPLY 

5. 1 

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 II No water pressure II 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.I. 
casing pipes, this problem of contamination can be controlled. Frequent 
checking of distr ibution 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 

5.3 

( 2) 

The frequency of collection of samples, for bacter iological exami­

ninations, to be collected from the distribution system, dependinR upon 

the population , should be as follows: 

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

Upto 20,000 One Month One Sample per 
20,00 1 - 50,000 Two weeks 5,000 of population 
5@,00 1 - 1 00,000 Four days per month. 

More than 1 00,000 One day One sample per 1 0,000 
of population per month 

It is well proved that by practising prevent ive maintenance r egul­

arly, not only , water supply systems are economically run but also standards 

of water quality can also be well maintained. 



GUIIBLINES ON PRro?ABAT ION OF TENDER SPECIFICATIONS 
ON ECONOMIC PUMP-I'NG PIANT. SELOOTION AND 
STANllAPJ>ISATION Ere. 

1 .  INTRODUCTION 

1 . 1 For selecting a pumping plant which may be most suitable , 

both technically and economically , proper and accurat e 

drafting of technical specificat ions in t ender documents is f 

PRE-Rt,QUISITE. :b1irst , therefore , guidelines are 

necessa ry for preparation of t ender specifications for 
,, 

pumping sets.  

1 .2 In the t ender specifications , some information has t o  be 

given by the Board and some information/details need be 

asked from the firms. It is proposed that t ender 

specifications be divided 1n two parts. 

PA:RT-A 

1 �3 In this part the Hoard should give pointwise ,  the necessary 

informat ion t o  the tenderer. Simultaneously the t enderer 

must be told what information/ de1,ails he has to  furnish 

along with his offer and what aspects he should take into 

accowit in offering the most suitable pumping set . 

PilT-B 

1 04 This part c onsist s ot ( I) cost schedule and ( II )  schedule 

of technical performance.  For ( I) various it ems proposed t o  

be purchased should be described with detailed epecification1 

in in serial order. Then a tabulated form, Schedule I 

as shown on page /8 be prepared in the same order on 

which the firms may be asked t o  quote their prices. For 

( II)  a tabulat ed proforma has been prepared and is attached 

as Schedule II. T enderers be asked to submit t eclmical 

performance 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 asked from the t enderers , t ogether with 

guidelines wherever necessary are stated in the following 

paras under Parts A & B. 

PART -A 

Description of the Scheme in brief : 

Under this it em 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 : 

Information about the ext ent of work and aspects covered 

by the contract be made ava ilable here . Normally these 

should consist of : 

( a) The supply , delivery and erection of electric 

mot ors , starting apparatus , cables , electrical instruments ,  

switch-gear and all electrical accessories as specified. 

( b) The supply , delivery and erect ion of pumps complete 

with all valves , pipe connect ions ,  pneumatic depth 

gauges ,  shaft s ,  bearings and all accessories as specified. 

Pump and mot or will have c omr!•on base plat e. 

( 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 c onnections between 

the pumping units  including all ca ble c onnections on 

the consumer' s  side of the Electric Supply C o ' s. main 

meters. 

� e) The supply , delivery and erect ion of metering ap�aratus.  

( f) The supply of  spare P§rt s ,  tools and other material 



necessary for the sa.tiaf'actory maint enanc e of the plant 

as  specified. 

( g) The testing and setting to work of all works , paint ing , 

running the installation for a period of' 30 days and 

giving one year' s guarantee against any manufacturing 

defect noticed during the day t o  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: the intention being that the contractor 

shall execute as part of the contract everything 

requisite to  make the whole pl.ant c omplete and perfect 

as a first class pumping installation. 

( 1) The firm shall likewise arrange as part of the c ontract 

all t ools , implements ,  as well as any other apparatus 

which the engineer of the Board may at any time direct 

for satisfactorily installing the pl.ant or during the 

t esting or maintenanc e  of the plant , and shall include 

the services of cQmpetent t echnician requireq f'or the 

c ompletion of the work. 

( j) The firm shall also arrange for a competent representative 

during the installation,  �ials , 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 pl.ant . 

( k) If during the 30 days'  running period or during the 

of:ficial test any further work is considered necessary 
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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 .  �ooedure of execution of work a 

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 Acta 

and Regulations of the c ountry relating to factories and 

electrical installations and as per direct ions of the 

engineer of the Board. 

41. ;  Aft er the c ontract has been accepted by the Board, the 

firm shall submit the drawings as stated in description 

of Schedule I .  The first item of work shall c onsist of 

laying of foundation. This shall be done by the Board 

but the firm shall depute its representative t o  inspect 

the work and ensure that foundation bas been construct ed 

t o  its satisfaction and that grouting holes tre of proper 

size and correctly locat ed and take responsibility for 

these. Other c ivil 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 laid' c onstructed to  its sat isfact ion. 



For grouting the bed plate necessary grouting mat erial 

and ma.neons etc . ,  shall be made availa tle by the Board• s 

engineer and the bed plate grout ed under the direct ion 

and supervision of the firm' s representative . 

4 .4 After grouting of bed plat e ,  work shall proceed st ep 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 

immediat ely and not at the end. If the engineer requires 

any test s  to  be carried out at any stage of the 1nsta.llation , 

the firm shall ar:range and do the same . But engineer' a 

checking and testing during the installat ion shall in no 

way relieve the firm from its c ontractual obligat ions. 

Firm' s responsibility for quality of work and its accuracy 

shall remain with it t ill the installat ionis passed in 

the official t est , taken over aft er running period and 

no defects attributable to  the firm having been noticed 

in one year after taking over. 

4 . 5 Aft er installation has been c ompleted, t he firm will give 

one to two weeks notice to the engineer for c onducting 

official test which shall be conduct ed as described later 

in Part-B. 

5 .  Descript ion o f  water t o  be pµmped : 

Following, details should be provided to help the firm in 

selecting a proper pump for wat er t o  be handled. 

( a) Turbidity and maximum size of solids likely to flow 

in the pumps". 

( b) Temperature and pH value o 

• • • • • •  6 



6.  

7. 

: - 6 

( c) Physical and chemical analysis reports ,  if available . 

( d) Any other aspect worth mentioning. 

Description of location including altitude I 

This information should be furnished alongwith mode of 

transport , nearest port-station etc .  

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

This is one of the most important it ems of pump 

specifications. It has to be done with great oe.re and 

stat ed in the tender specifications.  A typical example of 

specifying total head and discharge in case of borehole 

( tubewell) is shown as Annexure· II t o  this appendix. 

In case of surfac e water etc . ,  calculations will have 

t o  be made as shown in Annexure III. If it is required 

t o  run the pump at different speeds t o  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 c onsumption vary with varying heads. 

Hence it is all the more necessary t o  work out duty 

c onditions as accurat ely as possible and select a pump 

with maximum efficiency at duty c ondition. On the other 

hand if there are chances of the operating point to keep 

on varying, firms may be intimat ed of the possible range 

of operation and PtlJlP of non over loading type may be 

asked for. In that case efficiency iJl the ent ire working 

range should be taken into account while selecting the 

pump. 
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8. Suction Details ; 

8. 1  To  prevent occurranc e of cavitation, firms may be advised 

t o  ensure and satisfy themselves of the following s 

( 1) Adequacy of suction sump 

( ii) C orrect locat ion of suction pipes in the sump 
and insufficient clearances round suction ballmouth. 

( 111) Minimum length of suction pipeline. 

( iv) Sufficient wat erway area in the auction strainer etc . 

8 .2  Sat isfact ory performance of a c entrifugal pump depends to  

a large ext ent on proper sizing and alignment of the 

suct ion pipeline. Though some guidelines are also given 

in description of items of schedule I ,  the following thumbs 

rule may be kept in view by the Board while preparing / 

finalizing layoµ.ta·. 

( 1) 

( ii) 

( iii) 

( iv) 

Suction pipes be kept as short as possible . 

Firms may be advised t o  keep actual suction lift 
at sit e  2� leas than maximum possible limit 
quot ed by the manufacturers. 

Pipes and specials should be very carefully and 
accurately jointed t o  prevent any air leak. 

Diameter of suction line should limit velocity of 
water to  nearly 6 . 5  ft . or 2 meters per second. F or 
this the following table can be followed. 

Size  of pipes in Maximum imperial gallons 
inches/DIil per minute permissible 

on suction side 

3" or 80 mm 85 
4" or 1 00 mm 1 50 
5" or 1 25 mm 250 
6" or 1 50 mm 400 
7" or 1 75 mm 600 
8" or 200 mm 800 
9" or 225 mm 1000 

1 o" or 250 mm ,,oo 

1!" or 300 mm 1800 
• • •  8 



14" or 350 mm 

1 6" or 450 mm 

· - 8 

2400 
4000 

( v) Alignment of the suct ion pipe should either be 

horizontal or gradually rising towards the pump to  avoid 

air pockets. 

( vi) Where even reduc ers are required ,  eccentric reducers 

should be used. Sudden enlargement and reduct ions 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 c ome in 

interference with the incoming stream, else whirl pool 

will be formed and air will be pumped.in. 

s.3 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 ie left t o  the 

supplier for quoting. However, guidelines on basis of 

which t enderers will have to  quote are as under s • 

a. For Tube Welle: Firms may be asked to  quote any 

type of pump including borehole , submersible etc . , 

mt preference may be given to one of them - !2 

enable suppliers t o  quote guitable pumps for tube 

wells, its c ompletion diagram t ogether with 

verticality teat and yield test reports must be 

furnished. As an example an arbitrary report 
• • • •  9 
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with imaginary figures is enc losed. Annexure II. 

Usually tubewells give sand on starting. However, 

water clears after some time . Hence sand content 

of water aft er 10/1 5 minutes run should be noted 

and when clear the same may be adopted. 

b. For Baw Water ; For pumping raw wat er from rivers and 

impoundments to the treatment works , generally low 

head pumps are required. However , if treatment 

works are locat ed 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 maintenanc e 

and operation ,  suction lift should be kept minimum 

not exceeding 4,. 5 m ( a tout 1 5 '  ) • Abnormally hilfh 

suction lift beyond the rating of the pump generally: 

causes reduced performance in discharge, head and 

efficiency, Further, it leads to  e..�cessive vibration 

and cavitation. 

For gland sealing arrangement , it is 4esirable 

that clear wat er, preferably filtered wat er be made 

available. :&aw water with turbidities beyond 30 ppm 

should not be ueef ror gland sealing. 

If the pump house has been specially designed 

for a particular type of pump, whether vertical or 

horizontal , theeame should be c learly 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 

• • • • • . 1 0  
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whether 1 t should be radial , axial , or mixed flow ; 

details of suct ion and delivery , number stages eto . , 

should be left to  the tenderer t o  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 C lear Water : It requires the same information/ 

details which have been described in ( b) above. 

1 0 . �P Speed 

1 0 . 1 What should be the pump speed often becomes a point of 

controversy. In submersible pumps in tubewelle speed 

of 2900 rpm is  always ace epta ble , because with lower 

speed� size of both motor and pump becomes bigger and 

it is generally difficult t o  accommodate the larger 

unit inside the tube wells . Lower speed pumping sets 

cost more. 

In case of c entrifugal pumps , lower speeds can be 

adopted,  but the commercial aspect must be carefully 

c onsidered as low speed electric driven pumping sets 

costs more. Speed has much to  do with the head also 

(as N x H2 ) .  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 l::alance has t o  be achieved between initial 

cost and maintenance c ost .  Apart from cost other facts 

also need be c onsidered. In fact temperature , speed 

and alt itude ha� an effect on suction 11:tt . 

• • • • • 1 1 
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1 0 .2  Effect of  Temperature , '  Speed and Altitude 
over Suction L�t for C entrifugal Pumps 

Pumps with not t oo high a speed , liquid t emperature 

upto 68°F and an installation at low altitude , can have 

suction lift including friction losses , veloc ity head 

and other causes upt o  20 "· ( but in pract ice  efforts 

should be made t o  keep it upt o  1 5 ' . 1 5 ' auction lift 

Will provide more trouble-free operation , specially in 

charging and starting the pumps) .  At higher t emperatures 

and in case of higher altitudes this figure is reduced. 

In all cases where the utmost auction lift is essential , 

it ia advisable t o  c onsult the manufacturers and request 

them t o  furnish necessa ry data and test results on 

which its recommendations are based.  These should then 

be crit ically examined in the Board ' s offic e. 

The following table indicates  the auction lift in 

relati on t o  t emperature of the liquid , number of 

revolutions and alt itude of the erection-sit e of the 

pumpo 

WATER TEMP. 
IN DEGEEES F 20 68 86 1 04 1 22 140 1 58 

Suction at 1450 rpm 21 20. 5  19 ·1 6 .5  1 3  9 0 
lift in 
feet a t2900 rpm 1 5  14  1 2 . 5 10  6 .5  2 .5 0 

Altitude 
1n feet o- 1 500 3000 4500 6000 7500 9000 10000 

Factor ' f ' 1 .0 0 .9 0.79 0 .7  0.62 0 . 54 0.47 

For altitudes above 1 500 fi . the suction lift must be 

multiplied t:Jy the fact or ' f ' . 

• • •  • • 1 2  
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10 . 3 The speed relationship to  t emperature and altitude 

may be kept in view .  Before coming t o  a final conclusio: 

on speed , ba sed on the speed which is proposed t o  be 

adopt ed ,  spec ific speed may be calculat ed from the 

following : 

Ns = 1 .096 N I Q 

N
S 

= 

N = 

� = 

H = 

H 3/4 

Specific speed of the pump 

Speed of pump in RPM 

Discharge in imperial gallons per minut e 
of a single suction impelleJ 

T otal Head per stage in JiVf 

10 .4 T otal suction lift that centrifugal pumps can creat e whiJ 

working against disf'ferent t otal heads aLd specific speec 

are given in diagrams on pages 12 , 13 , 14 ( curves taken frc 

Hydraulic Institut e Standards) . In case this suction lti 

is less than that at which the pump has t o  work , proper 

speed may be selected which may give the desired t otal 

suet ion lift • 

l .05 However , the fact remains that the higher the speed o:f tl:J 

pum.piri_g set , the greater the attention it requires in day 

day maintenanc e.  Also some parts are subject to  more wea 

and t ear . In view of this practical problem, the follow 

broad guideline is also taken into consideration : 

Small Pumping Sets  - Maximum Speed - 2900 RPM ( upt o 10 B 

Medium size  Sets  .. 

Large eize Set s  " .. 

14 50 RPM ( Between 10 
and 200 H 

- 9 50/750 RPM Above 
200 HP 

• • • • •  



11 . Arrangement s and Details of Exist ing Pumps 

If the pump required is to work in parallel or in series w. 

the exist ing other pumps , a detailed sketch of the exist� 

installation along with their performanc e curves and other 

details should be given in the tender document s t o  enable · 

firm t o  examine suitacility of t he pump offered for runnin4 

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

12 . Performance Curves 

While the firms will be asked to furnish the complete perfc 

ma.nee figures and curves of the pump offered by them the Be 

should advise the suppliers to quote for pumps which have E 

uniform or efficiency as  possible throughout its entire rat 

of working . Also pump charact erist ics should be such that 

should not impose on excess olad on the mot or during any pc 

of working. It may be ment ioned in the spec ifications that 

the supplier shall ensure that E .H.P.  of the motor being 

offered is such that it dies not draw more than its fU:11 

load current wider any circumstances of working in the ent j 

range . 

12 .2 Tenderers may be asked to furnish the following performancE  

curves for the pumps offered: 

1 .  Discharge - Head 

2.  Discharge - Effic iency 

; .  Head - B.H. P. absorbed at pump shaft 

4 .  Head - Current drawn by mot or. 

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 



13 . 

14 . 

15.  

16. 

specified flow and speed of rotation should be enquired 

from the firm. For c1:_1vitation free performanc e of a pump, 

it is necessary that available NPSH is always higher than 

the required NPSH. 

Workmanship etc . 

The matterials ,  workmanship and !inieh of 1he complete work 

shall be of the best quality and in these respects Sri 

Ianka/Brit ish Standards shall be followed. 

Int erchangeabilitz 

C orresponding parts of all the machines , apparatus and 

equipment shall be standard and interchangeable . Nuts ,  bol1 

screws etc . shall confirm t o  Sri Ie.nka/British Standards . 

Deviations from Prescribed Specif"ications 

Design, layout , construction,  materials etc . shall all be ai 

per specifications provided in this tender documents ,  b1:lt it 

case firms can suggest any alteration or deviation with a 

view t o  obtain economy , increased efficiency and safety , 

facility in operation and maintenance ,  the firms may submit 

the same and these will be carefully considered while 

awarding w ork. But firms must provide similar guarantees 

for deviations/alterations suggested by them. 

execu 

The firms may be �armed in this para that in case any wo1 

land, property , fencing or the like are damaged/broken/alteJ 

by them duril]8 the c ourse. of their work whether intent ional] 

for t he facility of executing the w ork , or inadvertently or 

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



original condit ion at their own expense and no claim 

sha ll be considered by the Board. 

17. Firms must be advised t o  inspect the site before t endering 

and satisfying themselves about everything regarding the wo2 

Firms may clearly know that it will be in their interest t o  

inspect the site of work, read the tender document carefully 

before submitting their offer. In case of any doubt or 

difficulty they should discuss the matter with Board' s  

engineer before submitting their offer . It will be 

presumed that the firms have sat isfied themselves 

about the scope of works , various dimensions , levels, 

cbare.ctre and nature of w ork before submitting their offer. 



DESCf.IPl' ION OF ITEMS co:NTAIJJED IN  
COST sc@rott { SCHEDUIB u 

L Provisional Sum 

2 .  

If during the execut ion of work or at any other stage it is 

c onsidered necessary to  do any other work or supply any other 

it ems , then the firm sha ll l::e bound for the same up t o  an 

amount of �. 50 ,000/• on rat es settled mutually t erms of 

payment being the same as in the main contract . 

( a) Electrical Switch Gear 

Type of circuit breaker/isolating switch will depend on full 

. load current to be can-ied by it . There is no defined policy 

but experienc e has shown that use of I .e .  T . P .  switches ( �on 

Clad Triple Pole switches with our without neutral links) on 

circuits carrying more than 100 Amps. is accompanied with 

more maintenance problems. As such on circuits can-ying 

more than 100 amps . it is adviseatle to  use a ir or oil 

circuit breakers , in spite of their higher c ost .  

However t o  provide further prot ect ion and servicing facility 

to circuit t reakers , back-up prot ection b)? isolators with 

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

So  far as these isolators with H.B. C .  fuses ( or I .C .T .P. 

switches) are c oncerned , these are simple equipment and it 

will be sufficient to  specify 3 t o  4 good makes and tenderer 

should be asked to include and quot e for aD3 in his offer .  

but as  for circuit breakers, it is nec essary to  give detailed 

specifications and while draftdng these ,  following 

considerations be made. 

Circuit breakers c ould either be air break or oil circuit 



breakers . In ces"' of oil circuit breaker , the oil tank 

should be designed. to rie pull ed out ea sily and should have 

arrangement to indicate correct oil level in tank. 

The breakers should te provided with both : ­

( a) Ma in contact 

( b) Areing contact 

Following releases shall also be provided s ·  

( a)  Over current releases ( t ime lag ) 

( b) Under voltage release 

( c ) Earth leakage release 

( d) Single phasing preventer 

For overload releases , current setting arrangement shall 

be provided. 

C ontact terminals shall be so designed that adequate c ontact 

pressure ie ma inta ined in all conditions of working. It shall be 

preferred if both moving and fixed c ontracts are of rolling - butt 

pattern type and c lose with a self-wiping action. Design and fixing 

of the c ontacts should ensure easy inspection,  servicing and replac­

ement . C ontact tips should be of special alloy/silver-plat ed/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 siz e  so  that when opened , enough space is available for 

change of contacts and for other routine repairs and maintenance . 

S ize  and design of the enclosure should ensure adequate precaution 

against any contact between the live parts and any part of the 

enclosure . 



A c ord of rubber or of any other suitable material be provided 

along the periphery of t he front door and other openings to make the 

panel duet-proof. 

In case of panels , sides of c overs should be covered by 

asbestos cement sheets which are to  be inserted between the panels . 

For end �nels , st eel side covers are necessary . 

As for cabling arrangement , the same should be simple t o  provid 

easy opening and closing of terminals . I t  is preferable if they are 

brought out t o  a t erminal board for making cable c onnections . 

other general conditions sha 11 :fulfil the relevant provision of 

the Sri Lanka Standards or Britlah Standards. 

For t he circuit breaker offered , the supplie� shall furnish 

the following information : -

1.  Eated voltage 

2 .  Normal our.rent rating 

3 .  Breaking capacity in MVA at 415 V 

4 .  Rat ed short circuit current 

5 . Tripping delay charact erist ics .  

For mot ors above 20  B.H.P. where squirrel cage induction mot ors 

gre offered , use of aut o-transformer type starters may be spec ified. 

It may be further mentioned that tappings of the aut o transformer 

starter are so chosen considering the starting. Current required by 

the pumpin8 set that starting current being limit ed t o  15� of the 

normal full load current . 

Number of swit ches/breakers and their capacities will depend on 

the number of the motors t o  be c ontrolled and their s izes . If  there 

are more tban one pumping Bet , it will require a panel ,  preferably 



t otally enclosed , metal clad ,  fa bricat ed out of M.S .  sheets and 

angles . There \o:ill be one main incomine switch/breaker and then 

0ne for each pump. In case a switch is required for lighting 

purposes , it should be specifically specified along with rat ing . 

Panel Instumentation - Ext ent of instrumentation depends on number 

and siz e  of pULJping set s t o te controlled . However , in case where 

number of pumps is more than one , and circuit breakers have been -used 

the switch gear panel is normally equipped with following instruments 

1 .  KWH meter of adequate capacity with Cis  if current 
is high on each c ircuit breaker .  

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

; . Po"er fact or meter - on the main incoming 

4 .  Frequency meter - on the main incoming 

5 .  .lmneter on each circuit breaker of capacity 2½ t imes the 
full load current with select or switch. 

6 .  Relays as  maintioned above on each c ircuit 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 c onducting repairs . 

While the firm will quot e t otal c ost of the switch gear on 

Schedule I ,  break up showing cost of each it em i.e .  each switch/ 

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

2( b) Earth.f.ng Mat erial 

All mat erial required for earthing the ent ire electrical 

installat ion as per local regulat ions sh2ll be included in this it em. 
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If there are no local regulc:t ions , double enrthing of the 

complet e syst em connected to  a permanent earthing plat e buried 

in ground surrounded with C oal upto sub-soil wat er lev�l or up 

t o  suitable depth considered necessary,  depending on ground 

conditions should be provided. 

Cables 

Necessary length oi copper or aluminium cables - PVC insulat ed 

from electric Supply Companies breaker/metering point t o  the 

c onsumer' s panel and then from switches t o  starters and starters 

t o  motors should be included . It may be desirable to name j or 4 

good makes and contractor asked t o  provide any of these .  

Pumps 

Detailed description of the pumping set including it s working and 

duty conditions having already been given in the general description 

pages • •  t o  • •  ' only type of pump and dual duty eonditione 

need be given. However , it will be helpful , if possible , t o  state 

matals for Shaft and Impeller. In medium t o  large c entrifugal pumps ! 

it has become modern practice t o  provide stainless steel shafts of 

generous diameter to provide a factor of safety of 2 .0 .  In raw water 

pumps with fairly high turbidity or where wear and tear is expect4ld. 

to  be high, stainless steel impellers should be provided·. 

Ph !air c onditions , bronze impellers will suffice . ·  Shafts 

should be provided with protect ive sleeves of bJ,onze or brass 

wherever necessary. There are various types of  stainless 

steel and bronze sleevy. C omposition of these alloy metals 

should be left t o  the manufacturers t o  adjust according t o  

their detailed design requirement . Pump casing should be 

of heavy closed-grain cast iron or semi-steel casting. The 

• • • • •  6 
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Pump should be fitted with renewable bushes and 

wearing rir1gs .  Wat er passages in impellers et c .  should 

be filled antl scraped to perfectly smooth surfaces. 

Impellers must be statically and dynamically ta.lanced. 

All pert s should be designed to withstand action of 

sand , other solids and abra ssive mat t er in water 1 

5 .  Motors 

Mot ors shall be of robust make , mount ed on a connnon 

'base plat e ( e ither cast or of fabricat ed mild steel) . 

The following details should invarially be given : -

( i) Pow er ava ilatle : Suitable for power supply - 400 V .  

( 11) Type 

AC ; Ph, 50 Cy . 

1 C ont inuous running type , screen 
prot ect ed , drip proof with ext ended 
shaft for taking a pulley to  provide 
a flexible c oupling with the 
pump to be driven. 

( iii) Class of Insulation: This should be given after 

studying the working conditions - In normal conditions 

class ' E '  insulation. 

( iv) A short description of sit e  and duty c onditions 

including ambient temperature and alt itude. For 

higher alt itude spec ially designed motors should 

be uaedo 

( v) EPM 

( vi) Whether t ests will  be required t o  be done at sit e  

or whether manufacturers certificat e will suffic e.  

In former case t ests required to  be done should be 

specified .  

( vii) Type of Rot or I Whether squirrel ca§e or slip rings. 

In lattercase it may also be mentioned whether brush 

• • • • •  7 
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lift ing 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 met er locking syst em. 

a)  Method of start ing 1 

Maximum permissible t empereture rise . 1;ormally 

40°0 above ambient is c onsidered sufficient . 

( ix) If possible , fault carryine capacity of the system 

t o  which motor is c onnect ed be given. 

( x) b.H.P . : Duty condit ions of the pump having been 

described,  a dec ision ar out the B.H.P . of ·the motor 

should be left t o  the t enderer. It ma,/ however be 

stated that maximum power absorbed at the pump shaft 

should be between 8°'1 and 9� of the B .H.P . of the 

motor during the entire range of working of the pump. 

{ xi) Manufacturers must give a certificat e that rotors 

are stat ically and dynamically balanced. 

Regarding other aspects the motor should c onform t o  

the relevant Sri lanka standard or British standard. 

The supplier may be asked t o  furnish following 

information s 

1 .  Rated output . 

2 0 Bfficiency of the mot or at following loads s 

Full load 
" 
.. 
" 

; o P .F.  of the mot or at following loads : 

Full 
¾ 
¼ 

t 

load 
" 
.. 
.. -. . . .. . .  a 
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4 .  Rotor voltage and winding connect ions . 

5 .  Rot or current at rat ed output . 

For guidanc e ,  following table gives stand�ro voltages 

and sizes of motors recommended. 

Supply 

Single Pha se 
AC . 50 Cy 

; Phase AC . 
50 Cy. 

3 Phase AC 
50 Cy . 

Voltage 

250 V 

400 V 

6 , 600 V 
or 

1 1 1000 V 

Rec ommended Size in HP 
ITTnimum Haximum 

2 . 5 

, .o 350 

350 Any H.P .  

Squirrel cage induct ion mot ors being moat simple and 

easy t o  maintain , as far as possib�e and to  the size 

permitted by the local electricity authority , should be 

used.  On tube wells , motors with hollow shafts should 

be used on bore hole turbine pumps. 

6. Starters 

Broadly , types of ' etarter are as under 1 

1 • Direct on line 
2 .  Star Delta 
;.  Aut o-transformer 
4 .  Rot or Resistance Start ers 

Use and select ion of start ers is  linked up with : ­

( a) Size and type of motor t o  be start ed 

( b) Limitat ions imposed by local electricity authority. 

In submersible pumping set s ,  because of t echnical limitations , 

generally only SQUimiEL CAIE induction motors are used • 

• • • • •  9 
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Thun , uae of direct line start ers 1s limited to  very small 

size  mot ors . Start ers pf type 2 and 3 above can normally be 

used on submersible pumping set s .  Where wound rot or mot or 

1s used , rot or resistance starters have to be used . Regarding 

other ca ses , e ither of the two start ers i . e .  Star Delta or 

Auto-transformer start er can be used .  Between the two , with 

select i ,m of suitable tEPl)ings , it is possibl e to limit 

start in., current t o  lower valves by using Aut o-transformer 

start er . As  such , generally local el ectric ity authorit ies 

do not permit use of Star Delta starters t eyond a part icular 

size . 

Type of starter should , therefore , be dec ided keeping the 

above c onsiderations in view. 

All the gauges on suction and delivery site along with nec essary 
copper tubing, nipEles, etc& 

Under this item water pres.sure gpuges 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 6� t o  

7r;/f, higher than the duty head.  Pressure gauge on the suct ion 

side wil1 have a suction gauge ( if pressure is always negat ive) 

an ordinary pressure gauge ( if always posit ive) and a compound 

gauge of the pressure 1s somet imes pos itive and somet imes 

negat ive . 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 t eak wood or 

metallic board at height of about 5 '  from ground. Both the 

gauges should re provided with copper connection pipes of 

heavy gauge 6 mm in diameter. In case length of conr;ecting 
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pipe is too  lone for auction gauge , it c ould be provided and 

fixed at a c loser plac e .  

er  descri tion/drawin water 

Number and type of valves required should be assessed and 

described . Brit ish stand2rd provides two classes of sluice 

valves Class I upto  a pressure of 600 ft .( 182 .Bm) and 

6lass 2 upto a pressure of 800ft ( 243 .8  m) . Clase of valves 

may , therefore , be chosen depending on pressure existing in 

the main.  Valves with flanges and bandwheels should be used 

near the pumping plant s .  Since sluic e valves near the pumpin[ 

sets are operated quit e frequently , on2.y high qua lity valves 

should be used.  It is advised that 3 or 4 of the best makes · 

may be men�ioned in this item and the tenderer may quot e for 

any. other details should be as provisions of E.s . on 

sluice valves. 

9 . Wat er Meter/ Met ering Equipment 

This equipment should be so arranged that it is possible to  

mea sure the discharge of each pump individually and also the 

c ombined dis�barge of all or a group of pumps. If all pumps 

are not c ovel'8d by one met ering 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 :tlowa. 

( c) If' flows are large ,  cheaper measurement of flow is possi't·le 
through Venturi Fumes .  

Which arrangement i s  requ�ed shall be clearly stated. 
· -- · - - 1 
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1 0 .  ( 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 t ender 

documents to  enable them to work out lengths , sizes 

and quant ities of various it ems under this sub-head.  

In  case preparation of  drawings has not been poesille 

due to  unavoidable reasons , a luc id description of 

the layout should be given so that the tenderer may 

be able t o  estimate the actual requirement of these 

items. 

In case  a drawing has been prepared , lengths , numbers , 

and sizes of straight flanged pipes and sizes ,  

descript ion 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 it ems which become necessary according 

to  the arrangement suggest ed by it . While the total 

c ost shall be filled in Schedule I ,  detailed cost of 

each pipe length and each spec ial shall be quoted by 

him in a separat e sheet support ing the total given 

in Schedule I .  

On the suction s,ide , care must be taken that alignment 
! 

of the pipe line, is such that there are no chances of 

any air pocket being oreated. Wherever reduc ers are 

required , they should be of accentric type. Refer 

figure on next page. 
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On the suct ion side , flanged or screwed pipes shall be 

used  and not spigot and socket type. Apart from a t,ove , 

all guards under safety acts or required f'or other reasons , 

chequered plat es for c overin0 trenches carr-�ing ca ble , 

pipes  etc . alongwith drip pans and nec essary piping for 

disposal of wat er shall be wor1:ed out and quoted lump 

sum under this it em. 

1 0 .  ( b) Foot Valve on Exhauster Set with it ems 
for appurt enant work 

Under this it em e t enderera sha ll qu ot e items for required 

for chargine the pumps , if required.  If suct ion pipe is 

small in diamet er,  foot valve may be supplied ,  else  a 

suitable mot or driven exhaust er set , c omplete with piping 

arrangement t o  make - it a c omplete job should be quoted for. 

Necessary switch and wiring material will also be included 

in this it em. 

1 1 . ( a) Tools as per descript ion 

{ i) One set of D/E Spanners , standard sizes of best make . 

( ii) One set of one ended spanners to fit .in every size  of 
bolts. 

{ iii) One set o:f box wrench - standard size . 

( vi) Screw drivers 1 2" , 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" , 1 8" ,  1 2" one ach. 

( viii) Chain wrench 6" - 1 No.  

1 1 . ( b) lifting Tackle 

Type of lifting tackle whether ordinary li�t ing pulley block 

or a travelling crane or of the type necessary to  lif't the 
• • • • • •  1 3  



heaviest load in the pump house for assisting in taking 

it out of the pump house , shall be described in the tender 

spec ificat ions and quoted for by the t enderer. Regarding 

the capacity of the tackle and maximum height of lifting 

required , ID2.y either be given by the department or the 

firms may be asked to  work out the same and quot e.  Full 

details , e .g.  make , capac ity , lifting height etc .  of the 

equipment offered should be furnished  by the tenderers. 

1 2 .  Spares as per descript ion for P mps , Mot or and 
Switchgear, 

( a) 1'1 or .Pumps - In case  of raw water pump one c omplet e set 

of �otat ing assembly will be supplied apart from the 

following. However, in case of clear wat er pumps only the 

following spares shall be supplied : -

I • CEN:l?RIFUGAL 

1 • Impellers 2 Nos. 

2 .  Shaft with key 1 No.  

; . Shaft Sleeves 1 set 

4 .  Bearings , set 

5 .  llearing Rings 1 set 

6 .  Lock-nut 1 No . 

7. Gasket 1 set 

a.  Gland 1 set 

g .  Packing necessary for one year. 

II.  BORE HOLE PUMPS 

1 • One c omplet e set of bowl assembly alongwith 
complete rotary assembly. 

• • • • • •  14 



2 .  Line shaft - 3 lengths 

1 - 14 

3 .  Line shaft coupling - one full set for c omplete 
re placement • 

4 .  Shaft enclosing tube - 3 lengths 

5 .  Column Pipe - 3 lengths 

6 .  C olumn Pipe C oupling - 3 Nos.  

7c  Impellers - 1 set 

.s . Line shaft bearinp- - 1 set 

9 o Packing for one years requ irement . 

1 0 .  T op bowl bearing - 1 set 

1 1 .  Intermediate bowl bearing - l set 

Submersible Vertical Turbine PumEs 

For submersible pumping set it is advisable t o  have a 

c omplete pump with mot or as spare, in case public water supply 

i s  from only one tubewell. In case , there is another 

working tubewell in the syst em ,  then between the two , 

one pumping set should be spare . In addition the following 

spares for pumps and motor may be had 1 -

1 .  ( a) Impellers 

( b) Pump shaft 

Sand collar 

1 set 

1 N o .  

4 .  Pump mot or coupling - 1 

5 .  Cable clamps - t set . 

6 .  Motor cable splices - set 

7 . Cable t erminals - 1 set 

s.  Terminal Box - 1 

9 . Access hole plug - 1 

1 0 .  Cable - for • one replacement. 
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{ b) !<' or Mot ors ( exc ept Submersible Motors) 

1 • Windinf coils ( including c oils for 
rot or if used) - 1 /, set 

2 .  bearings 1 set 

3 .  Brushes 3 sets 

4 . Slip Rings 1 set 

( c ) ]' or Switch Gear 

1 • 1'' ixed and moving contacts  3 sets 

2 .  Overload coil 1 set 

; .  No volt c oil 1 No . 

1 ; . Drawir..gs of Machinery & Eguipment 

Upon acc eptance of the tender the firm shall send four 

sets each of : 

( a) Diaensioned dra.wir,.gs for the foundation which have 
t o  be prepared. 

{ b) Dimensioned drawing of the machinery and equipment 
c ontained in the order along with c omplet e set of 
catalogues and technical literature c ontaining all the 
information regardiri..g design, installation, operation 
and maintenanc e of the machiner-.1 and equipment being 
supplied and erected. 
C ost of the above, if any , shall be quot ed under thie 
item. In case these are to be supplied, word 'FREE' 
may be ment ioned. 

1 4 .  Painting 

Pa inting of the whole insta.lJ at ion including pipes and 

valves with ; c oats of approved paint s .  

1 5 0 Erection , C ommissioning and setting t o  work of 
the c omplet e unit 

. By and large , punps are ro -t ust machines , and if installed 

well and mainta ined properly , give long trouble-free servic e • 
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All the machinery has to  be installed with the best workmanship. 

Exc ept for the Civil Enginee1·ing works , this it em shall 

provide for all the works ,  including arranginp of tools and 

plant required for insts 11ing the pumping set . All consuma tle 

it ems like grease , lubricat ing oils , packings. , gaskets etc .  

it ems like oil for first filline of oil c irc uit breakero , 

dengers plates , power wirine stert ing from the inc oming 

awitch/c ircui t bJ·eaker etc . In short this is  a c omprehensive 

it em which includes supply of all the above mat erials. 

Carrying out the necessary works erect ing the machinery and 

appurtenant eq,uipment , comrnissicming and set t inr tl:e whole 

thing for regular operat ion . Lump sum amount shall be 

quoted for the whole work. 

1 6 . Running the installation for 30 days durinr which the 
firm shall employ its own staff. 

After the pumping set has been commissioned and put into 

regular working , the firm sha ll int imat e this to  the Board 

and ask the Board tbe dat e from which · ;o �ya normal running 

of the plant shall be start ed. The Board shall arrange 

normal running of the plant within one week of having 

rece ived the informat ion.  If a longer period is  taken by 

the Board , the firm shall be ent itled to wages of w2tchmen, 

if engaged . 

During the above period, the firm shalJ engage it s own staff 

for the running and maintenanc e of the plant , also  provide 

for all oils , lubricants and consumable stores , eac ept 

e lectric ity. During this period, the f'irm shall also  arrange 
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for training of the staff on operat ion and maintenance 

of the plant , if desired cry the Board , without any charge. 

�hen this rw111ing period is c oming to  end , the firm shall 

intimate this position to the Eoard and ask the Board to  

deput e its repre sentetive .for c onduct ing official test 

of the plant and takingit over. 

1 7 .  Offic ial Test 

On receipt of the above int imat ion , Bo�rd shall deput e its 

representat ive t o  conduct the off ic ial t est of the pumping 

plant . This t est shall be c onduct ed at field/site where 

installed and shall be the official t est for accepts.nee of 

the plant . During the test the technical representetive 

of the firm shall also be present . Test shall be performed 

on the basis of Schedule II.  



SCHEDULE I 

S.No. Description of Item Ouantity Unit Rate Amount 
or 

N umber 
1 2 3 4 5 6 

1 .  · Provisional Sum 
2.(a} Electrical Switch Gear 

(b) Earthing Material 
3. Cables 
4. Pumps 
5. Motors 
6. Starter 
7. Gauges 
8. Waives 
9. Water Meter/ Metering 

1 0-(a) 
Equipment 
Pipes and specials 

(b) Foot Valve or exhauster 
Set 

1 1 .(a) Tools 
(b) Lifting Tackle 

1 2. Spares for Pumps, 
Motor and Switch Gear 

1 3. Drawings 
1 4. Painting 
1 5. Erection, Commission-

ing and setting to work 
1 6. Running the instalJa-

tion 
1 7. Official Test 

TOTAL 

Total in words I 

Witness Signature of Firm1s Official/Contractor 



s. Pressure Depth Water Level 
No. gauge gauge below ground 

Reading Reading 

a b C 

1 .  .. 

2. 

3. 

4. 

5. 

NOTES 

SCHEDULE - II 
Schedule for Guaranteed Performance of Pumping Set 
Lengt_h of Air L ine 

Height of Approx i - Total Discharge Water Kilowatt 
Pressure mate Head of the Horse Input to 
gauge Frictional Pump Per Power Motor 
above Dep losses in Minute from f 
-th gauge Pump and g 

Rising 
main 

d e f g h i 

Overall Manufac 
Eff icie- turers 
ncy of Motor Ef 
Pumping -iciency 
Set 

j k 

l .  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 . 

Pump Remark 
Eff ici-
ency 

l m 
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INVENTORY OF MAIN ITEMS OF _Dt'iTRISUTION SYSTEM 

No. of Non-
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No, of Air 

I 
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Hydrants Pollts 
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Stand 
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No. of No.of Bulk I 
Venturi Meters 
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No. of Scour I 
Valves 

Dead Ends I 
Nos. 

I. :,  I 10 I 

Boosters 
Nos. 
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Chlorlnators I Secondary 
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PUMP DEFECTS AND THEIR R EMEfllES 

SYMPTOMS 

CAUSES 

Pump and suction line are not sufficiently primed with the 
liquid handled 
Eicessi ve suction !if t 
lnliufficient margin between suction lift and vapour pressure 
L iquid 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 ang suction line not fully submerged 
Connection of water seal on suction stuffing box blocked 
Lantern ring in stuffing box incorrectly f itted 
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 
Specific gravity of liquid handled is not what it was originally 
supposed to be. 
Viscosity of liquid handle

d 
is not what it was originally 

supposed to be 
The pump is operating at too low a capacity 
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 stationary part e.g. impeller 
runs against wearing rings 

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 liouid handled 
Impeller out of balance 
Failure to.apply water-cooling when handled hot liquids 
Clearance between pump shaft and bore of pump casing at 
the bottom of the stuffing box too great 
Liquid for water seal contains impurities 
G land overtightened 
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Axial fit of complete pump shaft with imoeller incorrect ')( 
Insufficient or excessive lubrication · · I I x 
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Lubricant contains impurities 
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Source: Hydraulic Machines - Dr . Jagdish Lal, Metrooolitan Book Co. Pvt. L td., Oelhi, India 


