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NEED FOR A PREVENTWE MAINTENANCE PROGRAMME 

Need for  Preventive Maintenance IS well established "Prevention is be t te r  than 
cure". Advantages of Preventive Malntenance a r e  a lso  well known. These include 

(a) Economic Benefits 

(b) Stabil i ty in supply 

(c) increased l ife of Plants 

(d) Reduced Downtime 

(e) Safety  of Plants and Operators 

(f)  Ensuring quality of water 

(8) Ef f ic ient  Working 

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

(1) Consumer's Satisfaction 

In short, f o r  any Water Supply Scheme, Prevent ive  Maintenance is an 'Absolute 
Necessity'. I t  i s  a 'Pre-requ~s~te ' .  'Wait a complaint'  system of Maintenance 
has no place in Modern Management. 

2. PREVENTIVE MAWTENANCEN OF WATER SUPPLIES - 
A PRIMARY HEALTH CARE 

Publications reveal tha t  about 40% of t he  diseases In t h e  developing countries 
a r e  wa t e r  borne. Water supplied by ill-maintamed p ~ p e d  water  sypply systems, 
quite often,  1s partially or wholly e i ther  unsatisfactory o r  suspmous. Such schemes 
a r e  sometimes implemented wlth t he  help of other  countries or UN agencies. 
Writer has  seen reports where In some cases  donor countries/Agencles have  fe l t  
tha t  d th is  IS condition of maintenance, it was be t te r  ~f they had not conrributed 
in construction of these schemes. Preventive Maintenance of these  water  supply 
schemes will go a long way in enabling these  plants t o  produce and supply water  
of acceptable  q u a i ~ t y  and in turn reduce water  borne diseases. Good Preventive 
Maintenance 1s in  f a c t  - 'A Measure of Primary Health Care '  United N a t ~ o n s  
Agencies like WH0,UNICEF and several donor countries a r e  giving substancial 
assistance, technical and f~nanc ia l  to various developing natlons to promote 'Priniary 
Health Care'. There a r e  reasons to believe t h a t  once P ~ p e d  Water Supply System 
ensures supply of water of reasonably good quality, primary health of people IS 

automatically taken ca re  of t o  qulte some extent. Thus, only construction of 
new wate r  supply projects is not su f f i c~en t ,  i t s  proper maintenance specially 
Preventive Matntenance is e s sen t~a l  t o  improve health of people. 



3. PRE-REQUISITES TO PREVENTIVE MAINTENANCE 

Soon a f te r  commissioning of a new water  supply scheme, i ts  preventive maintenance 
should start. In case Preventive Maintenance is s tar ted of an  old scheme, rehabill- 
at ion of existing works is  a pre-requisite. Experience has shown t h a t  m many 
countries (Specially developing ones), Water Supply Plants/Works/equipment - 
Some times : 

(a) Are damaged beyond reasonable repairs. 

(b) Have outlived their  life, but a r e  found to be sti l l  working lneff~crently 
with frequent breakdowns. 

(c) Are undersized. 

(d) Have in-adequate instrumentation and metering. 

Before practising a good preventive maintenance programme, ~t is necessary 
ro rehablitate all such plants/ works/equipment a f t e r  ident i fy~ng them. Where-ever 
necessary additional works b e  done and ~ns t ruments /meters  provided. A programme 
can be deslgned which may include preparation of inventory oi all  such Items. 
Necessary works in respect of these must b e  done for  a result oriented preventive 
maintenance programme to follow. 

4. OTHER PRE-REQUISTlES 

(a) Staff recruited for operation and Maintenance should be ~ntel l igent ,  
qualified, trained and knowledgeable. 

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

(c) Adequate Funds. 

(dl Controlled inventory of spare parts,  consumable and Servicing material, 
tools and instruments. 

(e) Proper Recording System. 

(f) Good House Keeping. 

I t  has been realised at every level t ha t  newly constructed systems, how-so-ever 
well designed and constructed must b e  maintained well t o  ensure safe, efficient 
and uninterrupted water sypply t o  people. But at t he  same t ime  it must be accepted 
t ha t  it u poss~ble  only when their  basic design is good and these  have been construc- 
ted with best material  and high workmanship. Des~gn  and construction should 
be such so t h a t  i t s  maintenance is simple and could easily be done by t h e  local 
staff ava~lable.  Large sums of money have been spent and will be  spent  in future  
also for constructing new water  supply schemes. I t  is essential t h a t  immediate 
consideration is given through such seminars t o  ensure their  maintenance and 



correct the  existtng condltton of malfunctlonlng of several plants in varrous 
countries. 

5. COMPONENTS OF A PIPED WATER SUPPLY SYSTEM 

Every item of a piped water supply system needs preventive mantenance. These 
need b e  tdentifted and categorised for working ou t  convenient systems and pro- 
grammes. for correct identlflcatlon and categorization, inventory of indiv~dual 
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. 1 Surface water supplies wtth full or parttal Treatment. 

This tncludes 

(a) Intake works 

(b) Raw Water Pumping Machinery tnduding Eiec t r~ca l  and Appurtenant 
works. 

(c) Machines for Alum dos~ng  and other connected equipments 

(d) Sedimentatton Tanks and Clatdloculators 

(el Rapid Sand Fllters 

(f) Slow Sand Fllters 

(g) Chlorlnat~ng Machines 

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

(1) Clear Water Pumps and associated equipment 

(J) Trammtssion Malns and Distribution system - Pipe Ltnes, 
Valves, f ittlngs,etc. 

(k) Water meter and meterlng equipment 

(1) Quality control gadgets and apparatus 

6. 2 Ground and sub-surface water suppl~es include wells both Shallow 
and deep, springs and infiltration gallates. Springs a re  natural and 
general hygtenic condlt~ons have to be mwntained and water quality 
constantly monitored. Following wtll have normal preventive mainten- 
ance programmes : 



Open Shallow Wells 

Tube Wells 

lnf iltratlon galleries. 

Other Items in such schemes can be selected from 11st 6.1 

7. W A7ER SUPPLY M D  SANITATiCSN DECADE 

W e  a re  passing through the water supply and sanitation decade. A large number 
of projects both for drinking water supply and sewerage are  b e ~ n g  designed and 

constructed the  world over. Unless there 1s awareness and determination for 
their proper operation and rmntenance,  schemes constructed w ~ l l  not deliver 
benefits for  which these a re  meant. 

1 

Advantages of Preventive Uantenance  have been described above. Looking 
t o  its lmporbance and ~ t s  impact over health of people* i t  a both ~ t n d y  and 
appropriate to discuss ways srnd means of supplying more and better drinking 
water to people by practising Preventive Mamtenance. 



IMPLEMENTATION OF A PREVWTNE MAINTENANCE PROGRAMME 

Need fo r  a Preventrve Maintenance Programme havrng been est&lrilied, problcrr~ 
before us 1s how to ~ m p l e m e n t  it. Ways and means of ~mplemenung a programme 
will depend on size and type also. F ~ e l d  condlttons and rndlvtdual consrratnt:, pldy 
an  important par t  and have to b e  taken into account. I t  IS a continuous procebb 
on basis of which breakdowns c a n  be foreseen and antlclparory repalrs dnd r rp l~ccn ren t s  
done. For irnplementlng these programmes, motivation should be from the  highest 
level. Look~ng to 11s importance, incentive need be grven t o  those assocrated wi th  
t he  programme. The maln Idea of t h ~ s  paper u t o  c l a s s ~ i y  and quantrfy work t o  
be done and descrlbe the methodology. 

2. PREVENTIVE MAINTENANCE PROGRAMME 

Implementat~on of a Preventive Maintenance Programme requires careful planning 
and preparatory work. I t  tncludes : 

[a) Classdrcation of Water Supply U n ~ t s  

(b) Deveiop~ng a team of Trained Personnel 

{c) Preparing System Des~gn  and Preventive Ma~ntenance  Manuals 

id) Making inventory of i tems requtred 

44 Information and  Da ta  Collection 

(f 1 Record k e e p ~ n g  system 

2.1 S ~ z e  of a Water Supply U n ~ t  1s a malor constderation In dec id~ng  whether 
preventiue maintenance programmes should b e  unltwise or  in some other way. Whrle 

large schemes will have to be divided into drs t r~c t s la reas  (if not alreddy drv~ded 
to f ac lh t a t e  t h e ~ r  management), t h e  smaller ones should b e  clubbed together t o  
farm a reasonable Mantenawe Untt. Broadly fo l iow~ng can  b e  adopted :- 

(a) Large Schemes - Drvlde into D~strkctsjAreas (Number will depend o n  size 
and type of scheme) 

Alternatively, divide into followmg stages of Water Supply System : 

I. intake Works 

11. Productron of Water 

II1. Drstr~buxion System 



Meduim and small schemes - Make one programme for each 

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

2.2 LOCAL RESOURCES AND EXPERTISE 

For implementing a preventlve maintenance programme, local ava~labi l i ty  of resource 
and expertise 1s necessary. A report  on Saudi Arbia mentions t ha t  when breakdowns 
occur, repairs a re  usually not made unless a community is completely out of Water. 
In this event, contractors  from Riyadh a r e  h ~ r e d  at considerable expense. In some 
cases larger communities have hired foreign technlc~ans  t o  run t h e ~ r  systerrrs, b u t  
t h ~ s  has not been successful s ince they stay for short  periods. All this has been 
attr ibuted to  lack of emphasis on develop~ng local resources and expertise. For ensuring 
proper operation and maintenance (~nciudlng preventive mantenance)  of public water 
supplies, t he  f i rs t  problem before t h e  Muruc~pal O f f l c ~ a l s  IS f h e  availability of 'Trained 
Personnel', 

2.3 System Design and preventive maintenance manuals have been deal t  
withln the  next paper. Adequate Inventory of spare parts, T & P (Tools & Plants), 
and necessary consumable i tems a r e  required to be arranged in advance. 

After  Preventwe Maintenance units have been established a s  per procedure ~ndica ted  
in 2.1 inventory of e ach  scheme bas 10 be prepared. For very small schemes 'FORM-1' 
ss recominended. For small, medium and large schemes, more than one format  will 
be required. For sake of demonstration four forms have been designed 2, 3, 4, 5. These 
forms may not f l t  m a particular scheme, but can be of assistance t o  t he  pdrllcipdntb 
;m preparing these for t h e ~ r  lndlv~dual needs. 

6. RECORD KEEPING 

A proper system need be designed for keeping Preventive Malntendnce record. Thra 
mat t e r  has been included in the  paper on System Design. 

5. PROCESS OF IMPLEMWTATlON 

For d~scusslng t h e  process of implementation, ~t will be be t te r  to consider each 
s tage  of the system mentioned m 2.1. Alongwith t h ~ s  a dec~s ion  has also to be taken 
b u t  formation of Preventive Ma~ntenance Teams - and whether there  should be 
yeparate teams d o ~ n g  only this work or  t h ~ s  work should be got done by routine 
Maintenance and repair crews. Probably m most of .cases, it may b e  considered 
be t t e r  to have separate teams. These separate  t e ams  w ~ l l  have ic pre-assigned work. 
Where the  urtllty is very small and independent it may even b e  sufficient to get 
Preventive Maintenance work done by the  crew dolng normal repalrs and maintenance 
work. So  there  are th r ee  ways of doing this  work. 

C o n t d . .  . . P/3 



(1) A Separate crew may do the  Preventive Ma~ntenance  work of several 
small schemes. 

(2) Depending upon slze, there  may be one or  more Teams t o  carry out 
Preventlve Malntenance work In t he  Utlllty. 

(3) In l n d ~ v ~ d u a l  cases it may be found to be more appropriate to ge t  the  
Preventlve Malntenance works done by the  regular repairs and maintenance 
gangs. If necessary, these  gangs can  be strengthened. 

6. CONCLUSION 

Above process for  ~mplementat lon of Preventlve Malntenance Progrdrrtmes havlng 
been f~nal lsed for  each scheme or a group of Schemes, Systems w ~ l l  have to be 
des~gned  for executing them and thls IS a subject for d~scusslon of next paper. 



SYSTEM DESIGN AND PREVENTIVE MAINTENANCE 

1. lNTR0WC'IX)N 

System Design means Systemat~zation. Systematiztion of any work 

1s important and more so  of Preventive Ma~ntenance. One thing more, how 

-soever  well the system may have been des~gned,  i t  w1l1 not work unless 

there 1s wlll and de te rm~na t~on .  A Water Supply System needs constant malnt- 

enance. hlaintenance staff have t o  keep a v ~ g i l  and surve~llance of the  whole 

system, and ensure regular Inspections. Frequency of maintenance varies, 

from hourly to yearly and in some cases even three yearly. 

2. SYSTE33DESK;NS 

n i s  work should conslst of the follow~ng: 

(a) Class~flcation and lnventory 

(b) Information and Data Collection 

(c) Identification of jobs and keep~ng  record of work done. 

2.1 For Class~fylng the  varlous Items and preparing their Inventory. Forms pres- 

c r ~ b e d  in the earller paper a re  t o  be adopted w ~ t h  necessary m o d ~ f i c a t ~ o n  

as per requirement in mdividual cases. 

2.2 Inf or mat  ion and Data  Col lec t~on should lnclude: 

(1) Complete specification of t h e  machinery and equipment. 

(2) Addressee of f~4anufacturers/Dealers/Suppl1ers of various mach~nery,  

equrprnent, spare parts, chem~cals ,  Tool and Plants, Consumable Items etc. 

(3) Addressee of f l rmslpar t~es  who can  t ake  up crit lcal reparrs-Emphasls 

should b e  given on local resources. 

(4) Cont~nuous flow of lnformatlon regarding Inventory t o  management. 

(3 Backfeed ~ n f o r m a t ~ o n  from f~e ld .  

3. RECORDING SYSTEM 

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

of preventive maintenance done and t o  keep a watch whether they a r e  being 

done as per tlrne schedule. Slrnultaneously, on each machine/Eau~pment/ 

Appurtenant work, what jobs a r e  to b e  performed and checks made has t o  

be dentifled. It  is recommended tha t  comprehens~ve cards b e  prepared in 

whrch maintenance jobs r equ~red  to be done b e  specifled and those done 

recorded datewlse. These cards may be called Preventive Malntenance Cards 

or  'PFA Cards1. Items for  which thesefidkszbe m a ~ n t a ~ n e d  will vary from 

scheme to 'xheme .  In general, Phl Cards, for  t he  following a re  suggested:- 



(1) D~esel  Englnes 

(2) Transformers 

(3) Electric Motors 

4 Oil/Alr Clrcult Breakers 

(5)  Starters 

(6) Pumps 

(7) Clariflocculators 

(8)  Chlorinators 

(9) Bleaching Powder Dozers 

(10) Slu~ce/Non-Return Valves/Pen Stocks 

(1 1) Clear Water Reservoirs 

( 12) Air Blowers/Compressors 

(13) Production Meters 

(14) Fire Hydrants/Scaur Valves 

(15) fur Valves 

(16) Distribution System 

Note: Special System Design 1s b e ~ n g  recommended for  Distribution System. - 
3.1 Exper~ence has also been shown t h a t  if a record of Breakdown mamte- 

nance is also simultaneously kept. It is very valuable. ,This has been mcorpo- 

rated. Hence thesePM Cards will also serve a s  running record on work done 

whether Preventive or Correctwe. One s ~ d e  of the card llsts hourly, monthly, 

suc monthly and yearly P M  jobs/checks, while other side has a proforma 

for record~ng works done. 

4. METHODOLOGY 
Preventive Ma~ntenance is requ~red to be done m practically all t h e  

item of a Piped Water Supply System. But c e r t a n  items llke moving mach~n-  

ery, Alum Dozers and Chlor~nators wear fast. These should be  identlfled 

and PM Cards prepared for them. In small Water Supply Schemes, i t  is not 

necessary to deslgn a code numbering system, but for  large ones i t  a nee - 
ssaryIor  code numbering separate design is being made avadable. 

4.1 For rernaiNng items a separate system I k s ~ g n  is b a n g  recommended. 

5. RECOB1MENDATION 
S ~ n c e  it is a Seminar, ~t w ~ l l  b e  premature to l~st  recommendat~ons. 3 

; 
A document ion the recommendations of the Seminar based on t h e  d~scussions 

hefd will have to be prepared. 
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Water S U D P ~ Y  Scheme : 

btatement of Prevent 1 ce/ breakdown Maintenance 

Done on Diesel Engine No. : DEN 

Year of  Installat ion 

Total Number of Hours Run 

S m i f  ications of  Enaine 

h 

Date 

C 

Description o f  Work 
Done 

1 

Signature and 
Remarks of 
the Bngineer 

I 

Initials of 
Technic ian 
who d i d  the 
work - 

4 

t 

t 



H-kV 1 Keep constant watch wer sound, abrupt 
change in temperature, leakage of fuel  
etc. and any other abnorm~lity. 

Check lubricating o i l ,  top up if necessary 
Oh& t ha t  the cooling system is in order 
and f r e e  from obstructions. 

Monthly a 1. Clean A i r  Cleaner. 
2. Check outfA.de nuts, bolts,  etc., f o r  

tightneea ( The cylinder head nut8 m e t  
not be tightened when the  engine is 
hot ) 

3. Oheck h e 1  ayetern f o r  leake. 
4 Clmn Bepoeite *om exhaust eystem. 
5. Iubricate the bearings and greaae a l l  

nipplea, 

Six Monthly a 6. Check the  valve clearanoe and adjust if 
neceasaxy . 

'7, F i t  n~ o i l  filter. 

8. P i t  new a i r  cleaner element ( Paper 
element type ) 

9. W i n  sump, f h a h  and refill with new 
o i l  i f  b l r t y ,  

f-u 10. Clean the fuel tank. 

Tvo yearly 77 ,  Pecarbonite 

12. Check t h e  crank d e f t  bearing8 and renew 
If clearance is exceaeive. 

Note s The above maintenance recommendationearefox 
average operating conditions. under v& heavy 
duty conditions, air cleaners, Iubzicating oil 
and fuel f ilt ere w i l l  require more frequent attention. 
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STATEMUTT 01' PREVLNT In/ HAKni,\JIl MAIIJT I;llw JYCE 

hame of Scheme * 
Cldrliloccultrt o r  no, CIY 

C u ~ u c i t s  o i  Clariflocculator 
Y e a r  of 

Make And Other S~ec i f ico t ions  Construct ion 

Signuture & 
kewrkrj o f  
anguleer 

1 .I 

-, 
Description 01 work 

done 
Date 

.I 

Signature of 
Technic itin 
who did the 
work 



Hourly a Checlc whether System vorlring o r  not 
Becord t i m ~ n & s  of desludging i n  Log Shect 

Monthly a 'I- Lubr,rloate/ Groase Benri~p, Trolley 
Wheels 

2- Check Reduction Gears, Toy o i l  Lt 
nece s sa y 

'j- Check alig-ent and grouting of m i l e  

4- Check condition 01 Rubber Tyres OX 

Wheels ( if  used) 

Six Monthly t 5- Check condition of Steel  Tyres 
( il used) 

6- Check turn  table  Mechunim, h u r i c a t e  
and do O i l  topping it required. 

Yearly 8 7- Down the  c l a r i f  locculat or,checls chains, 
sprockets, gear boxes 

8- Check s t e e l  irame under water 

9- Checx scraper ohdes; Tighten Blade 
Nuts; Repallr or Replace wasted/ 
corroded/ rusted Blades 

10- Paint a l l  the s t e e l  work and equipment. 
Portion under water be done wlth speclal  
paint suitable r o r  water suomerged 
s t e e l  gramea. 

ItO!ClL r )'or Preventive Maintenance 01 Motors same 
action be taken as given i n  Cdrds Lor  Motors. 



Cbpac~tJ ( a h A  Ve\ taqe  Year of 
I n s t a l l  ation 

-----------------*--- 
f Signature and 

Remarks of the 
Engineer 

I 
I 
I 
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I 
I 
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I 
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P.cke General Inspec t ion  and  check 

S r l l c e  Gel. 

See I f  t h e r ~ '  i s  no s p i l l i n g  o f  T r a n s f o n ~ e r  

O i  1 

Top up Transformer 011, Check Temperature 

Gavge, V e n t i f s t i n g  P l t e  an6 Tap changlnc 

D E V l c e .  

Cneck Tknninal Boxes - Both K.T. enti L.T. 

I f  t h c  r e  i s  any m e 1  t l n g  o u t  of  compound, 

open and redo t h e  j o i n t s .  

Check D i e l e t r i c  S t r e n g t h  o f  0x1. C E n t r l a g e  

or chsnge i f  and es necessary.  

T l ~ h t e n  B o l t s  an8  Ituts. Check i f  e i r t h l n g  

i s  in t ack .  Change S l l i c s  G e l  before  r s l n y  

se ason. 

Take o u t  care ,  Check windings r e p a r  ~f  

n e e s s a r y ,  o v e r  h s u l  c l e a  , and reset, 



World Health Orgminlzctlor. 
E a s t  Medi te r ranea~  Regicn 

Seminzr of P s e v s n t i v e  K a i ~ t e n a n c e ,  
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k airre of Scheme P6 C ri No. 

St,te;rl51lt of Preventive and B ~ a k d o k m  
Main tenacce  done on Electric Motor No. 

Yesr  of 
Ssec i f i ea t ion  of Electric Motor Inst 511 a t i o n  

S L ~  a tu re  
a~2Z  Remarks 
ci the 

E n q u e e r  

i 

1 

I 
f 
I 

i 
1 
t 

I 
f 
I 

i 
i 

I n ~ t ~ a l s  of 
Tech?? i c i  an 
who a d  the 

work 

f 
D a t e  

1 

t 
t 

I 
i 

i 

D e s c r i p t i o n  of 
work done 

I 
I 

1 

I 
i 

I I 
j 

1 
I 

I i 
I 

1 
I 

! . - - * " +  -- . - -  - -  --- - --4 - - - .-" *--- d --- -- "-- 



Elec t r i c  Motor 

Daily ( ~ o u r l y  (a) Keep watch over sounu vibrations,  changes i n  
o r  current  and voltage, Temperature an5 sparking 

Once in  o r  over-heating of s l i p  Rings. 
3 Hours) (b) Record following on log sheet. 

(i) Current 

(ii) Voltage 
(iii) Power Consumption 

Monthly 

Two Yearly 

(a)  Check and t ighten foundatkn blts. 

(b) Check all Terminals, Contacts, Sl ipr ings  and 
Carbon Brushes. Carry out  necessary cleaning/ 
Resairs/ Replacements. 

(c) Check Coupling alignment and blts. 
(d) Exmine Bearings, Clean, O i l  / Grease. 

(a)  Blow out  dust  wath Air Blower 

(b) Check i f  earthing i s  in- tact  

( c )  Check k l r  Gap  

(dl Check i f  m t o r  I s  f ree  

( a )  Completely disassembly the  motor, clean, 
replace defective/wornout bearings, carbon 
brushes as8 holders etc.. 

(b) Blow out, clean, revarnish, dry aid 
reassankle to to r  and stator.  

Note t -  After 10/15 p a r s  o r  a f t e r  .s number of repairs windmgs - 
of s t a t a t o r  and Rotor b e c ~ ~ =  unde2endaUe due t o  long 

l i f e  and weathering ef fec t .  It is then desirable  t o  cut 

the o l d  winding and provide new windings. 
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Sta tement  ci Preventive and Breakdown 
Haintensrice dzne on Pump-Centrifugal No. 

Year of 
S 2 e c l f i c a t i o n  of Pump-Centrimgal I n s t a l l  a t i a  

I 
Date 
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1 
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I n i t l a l s  of 
Technician 
who dld Lie 

work 

1 

Descript ion of 
work done 

Signa tu re  and 
Remarks of the 

Englneer 

- 



i unos Centrifuaal 

Daily (Hourly o r  (a) 
Once in 3 
Hours) 

Monthly 

Six Monthly 

Yearly 

visual check on w ~ n d ,  vibratons, 
lea ge from glands (glands ehould be so tigh- Yauudi0 
tened that  about 30 to  40 drops leak per arfnutt 
gauges on suction and delivery sides. Qleck 
temperature wecial ly  of bearing8 md glmds 
by feel. Note following observations on log 
rheet. 
Reading. of gauges on mction and cLekv@ry 
aidha. 
Ebadings of Flow Meters - Indicating, Integ- 
rating, Recording. 

Check by hand free movement o f  Praap and 
Motor assembly. 
Check alignment of wupling, Rotating Assemblp. 
Check Gland Packing, Replace i n  necessary. 
Check and tighten it necessary wupllng ryhd 
Foundation bolts. 
Ensure tha t  lubrication system a t  every place, 
whether by o i l  o r  grease, i s  working properly,. 
Check a11 grease cups and Lubricating o i l  
chaners. Top up replace as necessary. 

Clean hot Valve. 

Check a l l  valves on suction and delivery sidd 
Including sluice, Non Return, Butterfly vlve 
for  snooth o?eration, effective c l o s l n ~  and 
opening, leakage from gland. 
Check accuracy of a l l  gauges and flow meters. 
Adjust i f  necessary. 
Open Inspection aver in  the Pump casbg(i f  
provided and take out bolders o r  foreign 
matter entangled i n  impeller o r  casing. 

Check wear and tear  of Bearings, bushes, 
sleeves. Replace/Repmir as necessary. 
Observe shut o f t  pressure. 

Make a thorough general inspection of the Pd? 
Test performance of the Pump as given i n  
Schedule-11. 
In  case (a) and (b) demand, open the hmrp 
completely, clean, replace/ rep a i r  defective , 
parts. Impeller, shae ,  sleeves, sealing 
water system, bearings, wearing rings, 
stuffing boxes should be carefully exsnined. 
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Name of Scheme 

Statement of Prevent1 w a d  Breakdown 
Maintenance of Borehole Turbfrre Pumping 5et No. 

Year o f  
*cclf icati-  of the Pump Set Instal l  ation 

* 

I 

Initials of 
Techn ici am 
who did the 

work 

Sigaature d d  
Remarka of tbe 

hagbeer , 

Oatc 

C 

Description of 
work Qne 

I - , I I 



Dally (Hourlt or Apart fraa f i l l bag  of following *log ehrcet - 
3 Hourly) 

watch lubrication syakm. The pump may k 

o i l /  w a t e r  lubricated. In o i l  lubricated 

pumps, o i l  should drop Q 2 - 3 drop per  

minute. 

(1) Voltage and Curtent 

(21 Depth and Pressure gauges. 

(3 Water Meter if any. 

Monthly 

Yearly 

(1) Check Gland sealing, replace packing 

i f  e q u i h d .  

(2)  Check and tighten foundation bolts. 

(3) Check moving and fi- contacts of s t a r t e r  

and switch. Repair / Replace as necessary. 

(i) Check the Impeller settling and do 

re-adjustmer, t i f  necessary. 

(ii) H a v e  a check on the moun to f  tensioning 

require3 on the shaft  tubes,  

( i i i )  C l e a n  an& crease motor bearing. 

( iv)  Check l e v e l k g  of discharge ba& 

(v) Blowout~; r tcr .  

(1) Re-db the tu- tensioning. C o n h c t  

perfonnarice test, i f  performance i s  much 

below the o r i g f n d  test figures, carry out 

complete over hauling bf the Pump and Motor. 

Worn out parts k replaced. 
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S t a t m ~ t  of P e ~ n t i v t  a d  Bmakdo- 
Maintenance of Suherrrible P~unpiag S e t  No. Year of  

Spedficatio~ of the Pump Set  

Date 

f 

Description of 
work &no 

- 
I n i t i a l s  of 
Technician 
who did M e  

work 

Sf gnature and 
Remarks of the 

Engineer 

4 



Daily (Hourly or Yccp watch and mote in log sheet r- 
3 burly) 

(1) C u r r e i t  

(2) Voltage 

(3) Depth mdpressum gauge8 

s i g r i f i c y r t  chage in musd be sndysed. 

Weekly 

Monthly 

Yearly 

(1) Check starter specially the over load =lay. 

( 2 )  Check Ybvlng and fixed contacts of starter 

and Switch. Repair/ Replace as necessary. 

Check Sluice  and non-return valves for 

proper functioning, 

(1) QnductperformanceTest. I f n e c e s s a r y t a k e  

out the Pumping Plant. Disnentle it. The 

moving parts of motor and pump be checked 

a d  replaced if required. 

(2) Exanine Bearing and Thrust Plates. %lam 

if necessary, Re-adjust the imp-ellers and 

coupling. 
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M a n e  of Scherile PI5 Card No. 

Statement o f  Breventive and Breakdown 
Maintenance done on Chlorinator No.  Year of 

I n s t a l l a t i o n  
Speci f icat ion of  Chlorinator 

Date 

4 

I n i t i a l s  of  
Techn ici an 
Arrenge to 
look w e l l  

Descr~pt lon  of 
work done 

Signature and 
Remarks of t he  

Engineer 



Daily (Hourly o r  (a) 
3 Hourly) 

Weekly 

Monthly 

Six Monthly 

Yearly 

Keep check over leakage of chlorine f r o m  j o i n t s  
and cocks by using Liquor Ammonia White fumes 

of Artunonium chlor ide are indication of leakage. 

msure adequate supply of water t o  chlorinator. 

NO* following i n  Log Sheet. 

I. R a t e  of chlorine doze i n  KgJhour and L o w  

Pressura Gauge. 
11, Weight of cylinder i n  case it is on weight 

Bridge. 

Check working of so lu t ion izer  Tower/ Injector.  

Turn cylinder valve and ensure i ts  working. 

Check Moisture Trap,  Replam flll i f  necessary. 

Check safe ty  equipment =d l€et operators under 
go the drill i n  use of safety -paratus. 

Fu l l  servicing of the  epipment, including 

exanina t~oa  of daphras, filters, washers, 
Nuts, High Pressure Pumps, Electrlcdl 

equipment etc. 

Replacement of weathered Hoses. 

Dismantle so lu t ion lzer  Tbwer, clean and 

reassemble. 

Open valves and other Parts. Reassemable 

after Servicing.  

Paint  external  parts. 



Broad1 y, Water Supply System m n s l  sts of Intake w r k s ,  

Treatment works and Distribution System. But for the  

consumer, it i s  the  Dis t r ibut ion System which i s  the  

most s ign i f i can t ,  Public  demand f o r  more and better 

water i s  increasing every day. I t  IS, therefore,  necessary 

t h a t  t h i s  p a r t  of the water supply system i s  glven due 

importance and care. The same Dis t r ibu t ion  System, if 

w e l l  operated and well maintained w l l l  pmvide  b e t t e r  

service to p u b l ~ c .  Centinuous o r  uninterrupted supply 

i s  always preferable ,  B u t  problem i s  how to achieve it, 

2 , Preventive Maintenance Pmarycme, 

Maintenance o f  a Dis t r ibut ion system i s  ca r r i ed  o u t  i n  

two parts, cor rec t ive  and preventive. Por improving the 

s t a t u s  of  water supply, it is  the Preventive Maintenance 

which i s  important. It requires  i den t z f l ca t i on  o f  c e r t a i n  

jobs  which need be done i n  a s y s t m a t i c  and regular way, 

For example, in a system where number and frequency o f  

leakages i s  high, a s c i e n t i t i c  study i s  necessary to i d e n t i f y  

the causes and make a time scheduled p r o g r m e  f o r  

r e c t i f i c a b o n  of  de fec t s  and shortcomings i n  t h e  e x i s t i n g  

system, Leakages occur due to f a i l u r e  of  p ipes  and thelr 

j o in t s .  Causes of 'More and Frequent Leakages' are r -  

(1) J o i n t s  n o t  made proper ly  o r  poor worlananship. 

(2) Less cushion over pipes. 

( 3 )  I n f e r i o r  qua l l t y  of  pipes. 

(4 )  Pipesdamaged due to internal and ex te rna l  oorrosion, 
This  i s  genera l ly  due t o  cerroslve acUon o f  water it 



c a r r l e s  o r  s o i l  in whlch thes t  p lpes  are l a i d .  

Imp roper design. 

Other causes o f  f a l l u r e  of plpes  and j o m t s i n c l u d e  water 

hammer, s s e n c e  of  t h r u s t  blocks, metal fa t lgue l  

vibrations due t o  t r a i t i d ,  sinlung o f  p lpes  l i n e  due 

to  beam actlon, lrnpmper operation. 

Main components of a s t r i b u t i o n  system a p a r t  from 

service  Reservoirs are mentioned i n  'FDiU-i 5' - inventory 

of  Main I t e m s  of Dis t r ibut ion System. But before 

designing a programme f o r  preventive maintenance o f  

d.Lstributslon system, it i s  necessary to have a de t a i l ed  

p lan  showing a - 
Complete network of  p ipe l ine  system, showxng slze of 

pipel ines ,  l eng th  of  segments, type o f  pipesused, 

Reduced l e v e l s  a t  severa l  and re leven t  places. 

Location and d e t a i l s  of water reservoirs. 
sr,~cce 

Location and s i z e  of I------. valves, non return valves, 

ur Valves, Flre Hydranrs, S m u r  Valves, Dead Ends. 

Boosters / Zonal Pumping Stat ion.  

Stand Posts. 

Water Pressure i n  a s t r i b u t l o n  system during morning 

and evening peak hours, 

Descmphon of pipelines should be as under :- 

Length i n  Meters/ Dianeter i n  mm/ Type o f  p i p e  used. 

Nomally following p ipes  are used i n  d i s t r i b u t i o n  

network :- 

Cast Iron w ~ t n  lead jo ln t s .  



(b) lXlclile Iron/ Cast Iron with Tyton jo ln t s .  

( c )  asbestos cement pipeswlth detachable jo in t s .  

(d )  PVC/ HDP Pipes. 

(e) Steel mains 

( f )  P res t ressed  concrete plpes. 

( g )  R.C.C. Plpes 

(h )  G.I. P ipes  mostly used i n  House Connecbons. For 

example i n  a &strlbutLon system a segment PVC of  

p ipe  l l n e  520 Keters  long, 150 mm in&ameter shbuld 

be shown as r -  

520/150/ (d )  

2.2 Tes t i n s  of Pressure P i ~ e s  

The f i e l d  test p ressure  t o  be imposed should be n o t  less 

than the g r e a t e s t  o f  the following r 

(i) 14 times tne  maxunum sus ta ined opera t ing p ressure  ; 

( i f )  14 t imes the maximum p ipe l ine  s t a t i c  pressure ; and 

( i i i ) t s u m  o f  tne  maxunum sas ta ined opera t ing p ressure  o r  m e  

maximum p ipe l ine  s t a t i c  p ressure  and the maximum cal -  

cu l a t ed  surge pressure  

sub jec t  to a maximum equal to the  works test pressure  r 

for any p ipes  and f i t t i n g s  incorporated in t h e  pipe l i ne .  

The f ie ld test pressure should wherever poss ib le  be n o t  

less than two-thirds of  the works test pressure appropri- 

ate to  the c l a s s  of  p ipe  except  i n  the case o f  spun i r o n  

p i p e s  and should be applied and maintamed f o r  a t  least  4 

hours. 

Where the f l e l d  t e s t  pressurn i s  less man two-thirds the 

works test  pressure,  the per iod of test should be increased 

l e a s t  24 honrr;s, ,test pessLre-sfrall be 



2 gradual ly ralsed a t  the  r a t e  o f  nea r l y  1 kg/cm /min. 

In  the case  o f  spun i r o n  p ipes ,  the  h y d r o s t a t i c  test 

pressure  a f t e r  i n s t a l l a t i o n  i s  to be adopted i n s t e a d  

o f  t ne  works h y d m s t a u c  test  p ressure  wnich i s  35 

2 kg/cm unlfonnly f o r  a l l  c l a s s e s  o f  pipe. 

Hydro S t a t i c  Tes t  p ressure  a t  f l e l d  a f t e r  i n s t a l l a t i o n  

i s  genera l ly  1/2 t o  2/3 o f  Hydro S t a t l c  T e s t  p ressure  

a t  warks, bu t  durat ion i s  many times more,sometimes 

4 to 24 hours i n s t e a d  o f  1 5  to 35 seconds a t  works. 

I f  pressure  measurements a re  n o t  made a t  t he  lowest  

po in t  of  the  set-on, an aliowance should be made 

f o r  the s t a t i c  head between the lowest  p o i n t  and the 

p o i n t  of  measurement to ensure t h a t  the maximum 

pressure  i s  n o t  exceeded a t  t he  lowest  po in t .  If a 

drop i n  p ressure  occurs, the quan t i t y  o f  water  added 

i n  o rde r  to re-es tabl i sh  t h e  t e s t  pressur? should be 

c a r e f u l l y  measured. T n i s  snould n o t  exceed 0.1 litre 

pre nan of p ipe  drra per km o f  p l p e l l n e  per day f o r  

each 30 m head o f  p r e s su re  -pl ied.  

The allowable leakage during t he  maintenance s t age  

o f  p i p e s  c a r e f u l l y  l a id  and w e l l  tested dur ing  

construct ion,  however, should n o t  exceed 

where. 

qL = allowable leakage  i n  lpd ; 

N = nuinber o f  j o i n t s  i n  the l e n g t h  o f  
the p i p e l i n e  : 

D = diameter i n  nun ; and 

P = average t e s t  p ressure  i n  kG/on2. 

This f i g u r e  1s applicable t o  ~ l g o t  and socke t  C I  

. a 3  



pipes  and AC p r e s s d ~  pipes, t h r l c e  t h i s  figure 

may be taken for s t e e l  and pres t ressed  concrete 

pipes. 

2-3 Jobs to be c s r r i e d  o u t  a s  a p a r t  of this programme 

are  :- 

( a )  Regular inspect ions  of d i s t r i b u u o n  system, For 

t h i s  an inventory of jobs  tb be done i s  necessary. 

Programme should be so arranged that each segment 

along w i t h  ~ t s  valvesand spec i a l s  be inspected once 

a week. 

(b) Thougn i n s p e c u o n s  be done weekly, but a l l  tne  th ings  

need n o t  be noted every week. Observation to be 

made can be divided a s  under :- 

Weekly (i) Observe leakages on p i p e l ~ n e s ,  s tand posts ,  

Fire Hydrants, Air Valves etc. 

( i i )  Check Pressures  a t  c r i t J c a l  predetermined 

points .  (These points w i l l  serve as base 

i n  subsequent studies/ surveys),  Inves t iga te  

i n  case change i s  s ign i f i can t .  

(iii) Study Water Level reoords In  Reservoirs , 

Take preventive measures i n  czse of s e r ious  

deviatlons. 

(iv) Check i f  water level and o t h e r  gauges and 

meters  a s  i n  working order. 

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

(ii) Flush dead ends (Fire Hydrants be provlded 

a t  dead ends).  



S i x  Monthly (i) Inspec t rese rvc i r s  and o t h e r  c i v l l  

Engineering s t r u c t u r e s  

(ii) Check Bulk meters and repair /  calibrate, 

lf necessary. 

(111) An inventory De p r e p a ~ d - o f  o u t  of  o rde r  

consumer meters. Those considered damaged 

o r  defect ive  be replaced/ repaired. 

Yearly (i) Carry o u t  waste con t ro l  dnll. 

(ii) Carry o u t  Leak DetectLon Survey 

(iil) Assess unaccounted f o r  water. 

( i v )  Measure 'C' Valve In se lec ted  sec t lons  o f  

P ipe l ine  net-work where pressure drop 

appear high. 

(v) C l e a n  and d i s i n f e c t  water R e s e r v o ~ r s  and 

p a i n t  date of cleaninge 

( v i )  Cleaning pipe l i n e s  w i t h  a vlew t o  remove 

incrustation, tubercul abon ,  slune growth 

and deposi t  of  Sediments tNonnal methods 

employed are t -  

(a) Mechanical cleaning by using s t e e l  spr lngs  

o r  Polyurethane foan swabs. 

(b) By uslng chemicals i n c l u a n g  chlorine. 

(c) Pressure r lushing 

(d) B y  using compressed gas. Observabons made 

be noted on profonna enclosed a s  appe'ndix 

2.4 By p r a c t i s i n g  pipe  cleaning, C. Valve in c e r t a i n  cases  

1s increased from 5 5 to  over  100. In bigger  & m e t e r  

p ipes  cement l l n i n g  increased ' C' Valve substanCially 

and it  proved that lt was much m o r e  economical to cement 



l l n e  the pipes than laying a supplementary main o r  

to replace the o ld  main w i t h  a new and bigger main, 

Study about p o s s i b i l i t y  of  achieving economy by 

cleaning, cement l l n i n g  and byspecla1 treatment l i k e  

'Calgon Treatment' should i.e. Treatment with so&urn 

Hexaneta phospharre I W a P 0 316 should t o m  an 

importsnt p a r t  of  Pmventlve Maintenance, There i s  

no scope here o f  describing these  methods. S u f r ~ c i e n t  

l i t e r a t u r e s  i s  available d e s c r l ~ i n g  these processes and 

t h e i r  possible advantages. 

3. Leak Detection and Waste Control 

I n  every h s t r i b u t i o n  system, some per centage o f  water 

remains unaccounted for, I f  lt i s  upto 15% it i s  

reasonable, bu t  any th ing  beyond 25% i s  se r ious  and 

calls f o r  immediate measures to check leaks  and wastage. 

Unaccounted f o r  water i s j u s t  l i k e  disappearance o t  

money from pocket, 

4. Detection and Location of Leakaaes 

Surface leakages can be observed v i s u a l l y  while f o r  

underground (not  v i s i b l e  on surface) leakages we need 

equipment and apparatus. The var lous  methods adopted 

are  t -  
I 

(a) By observing v i sua l l y  

(b) By sound (Aqua phone o r  Bat tery  Operated) Leak detector. 

( c )  Using chemicals l i k e  Nitrous Oxlde 

(dl use of  Electronic l eak  detectors 

(e) Uslng Radio Isotopes. 



4.1 Regarding metihods of  Leak Detectioc an extrsct from 

World Health Organ~za t ion  Pro jec t  -port No. I N D I A  

0176: 03, BomDay i s  at tached a s  aralexure +XI t h i s  

document. 

Methods of l eak  detec t ion 

Tne metnods of assessment of  waste h s c u s s e d  so f a r  w l l l  

genera l ly  glve an lndlcatxon of the  viciPrity o f  the  

leakage, tne accuracy depenhn? on thede ta i l  of  the  

investigation. I t  i s  then necessary to loca te  the  

ac tual  l eak  pos i t i on  before r epa i r s  can be undertaken. 

It i s  necessary to know the exact pipe alignment before 

l e a k  locatior? can be under takn.  

Several methods a r e  avai lable  fo r leak  locat ion,  general1 y 

dependent upon de tec t ion  of  the sound generated by t he  

escaping water. 

Sounding, the process  of locat ing a l eak  by maxunum 

intensity of  sound, may be ca r r l ed  o u t  by & m e t  o r  

indLrect methods. 

D l r e c t  - on pipe o r  f i t t i n g s  

I n d i r e c t  - on ground sur f  ace 

Leak nolse 

Water generates  noise  ineseaplng through a ho le  and 

plays  agains t  su r rounbng  material .  Local e ros ion  may 

fonn a cav l ty  around the  plpe above o r  below f r e e  

water level .  

Noise i s  set up as a r e s u l t  of the following f a c t o r s  : 

( a )  Turbulence througn the  o r i f  ice producing mechanical 

vibrations I n  the  pipe. 



(b) J e t  t u r ~ u l e n c e  through the o r ~ f l c e  o r  In  the  cavity.  

( c )  Water h l t t l n g  s lde s  of  the cavity.  

Experimental work a t  WRA has shown t h a t  f o r  a j e t  l eak ing  

i n t c  stones, the j e t  break-up nolse  i s  t r a n m l t t e d  through 

s o i l  and i n t o  the  pipe a t  m e d i u m  f requenues .  D i r e c t  

soundins i s  bes t  here, s lnce  h lgher  frequencles a re  

a t tenuated through so l l .  

For a je t  leakicg i n t o  water, j e t  break-up nolse 1s reduced 

but cav i ta t ion  produces high fsequency nolse. This  i s  b e s t  

beard on the  pipe 1.e. by direct soun&ng, Depth of  cover 

a f f e c t s  higher  frequencies by l i n e a r  at tenuation and lower 

frequencles a r e  l e s s  attenuated. Unfortunately t r a f f i c  

noise may a l so  be a t  low frequenczes. I n  p r a c l t l c e  the na ture  

o f  t he  surface, tarmac, paving blocks, cobbles, setts  

etc., has a g r e a t e r  e f f e c t  than the depth of cover on 

the t r ans f e r  of  sound. 

Since l eaks  may occur In  any condition, it must be 

accepted t h a t  l e ak  nolse 1s covered by a wide band 

o f  frequencles. 

Taking these considera t ions  i n t o  account and adding 

comments r e l a t ed  to equipment, the  f a c t o r s  a f f ec t i ng  

the  performance of  l e ak  de tec t ion  by acoust ic  methods 

may be summarlsed a s  follows : 

(i) Character of  nolse a t  source, espec i a l l y  the 

frequency spectrum. 

(ii) Depth and type o f  ground cover causing va r l ab l e  

at tenuation of frequencies.  

(iil) Extraneous nolse ; t r a f f i c  has  random frequency, 

bu t  o t h e r  types of in te r fe rence  may be more e a s i l y  



~ d e n b f i e d  when uslng e a r  only. 

( 1 ~ )  The contact  of any pick-up wlth the surface 

a f f e c t s  frequency response. 

(v) Plck-up design ; both mechanical and electrical. 

( V I )  Amplifier c h a r a c t e r i s t l c s  and ~ n t e r n a l  nolse 

l eve l .  

( v l l  1 Ind lca t lng  me t~~od ,  meter o r  earphone. 

I t  i s  i n t e r e s t i n g  t o  note t h a t  f a c t o r s  (i), (xi) and 

(ill) are those over whlch an opera to r  has  l l t t l e  o r  

no control .  The remalninp f au r  f a c t o r s  be made 

constant  to some e x t e n t  when f o r  instance,  one 

ope ra to r  always uses  t4e sane piece of  ecpipment. 

Hence t ne  apparent success of c e r t a l n  equipment is 

of ten  due to the skill and -y of  s k i l l  and 

haa5llng procedpre o f  t he  opera to r  concerned. 

Equ~pment and methods 

S te thoswpe  o r  sounding rod 
2 

This 1 s  a t r a d i t i o n a l  method, the use o f  which e n t a i l s  

considerable s k l l l ,  bu t  t ne  l eak  must be audible. The 

l e a k  nolse  t ransmit ted  to surface o r  pipe f l t t l n g  1s 

t r a n s f e r r e d  to the  ope ra to r ' s  e a r  by uslng some form 

of  ' s t l c k '  made o f  Iron, steel etc. A t yp i ca l  example 

used by Bombay Mun~c lpa l  Corporation c o n s i s t s  of a 4 f t .  

Idng, half-inch dimeter m i l d  steel rod, f ixed  with a 



cup l i k e  shape b rass  cap of 2" & m e t e r  a t  one end. 

In  severe cases a l r  t r ans f e r  i s  s u f f l c l e n t ,  i.e. the 

sound can be heard without any aid. In the  WRAes 

and CPtZr\I's and BMC's  experience, it has been 

e s t ab l i shed  t h a t  a s k l l e d  inspector  can accura te ly  

l oca t e  the posi t lon  of a l e ak  In  80% of cases, using 

a soundlng rod. 

These l n s t m e n t s  d e t e c t  and amplify the  noise l eve l .  

Certaln frequency ranges can be chcsen t o  amplify tne 

l e a k  noise  selectively o r  f l l t e r  o u t  some unwanted 

noises.  However, t h i s  equipment 1s a l s o  suscept ib le  

t o  extraneous noises. It w i l l  t r e a t  them i n  the same 

manner a s  the l eak  noise,  poss ib ly  increas ing the 

unwanted noise i n t e r n a l l y  l n  the instrument. Exmples  

o f  t h i s  equipment are  the 'I.i.Scope', Termscope and 

Detektron. 

Method of  use of sounang  rod and e l e c t r o n i c  equipment 

One€! a sect ion of  water main has been e s t a ~ l i s n e d  a s  

l e a k ~ n g  through s t ep  test  checks l oca t i on  of the l e a k  

i s  c a r r i e d  o u t  by sounding along the main. In  U.K.,  

such a sounding t r ave r se  i s  c a r r i e d  o u t  by direct 

sounding on hydrants, stop-cocks, u n t i l  the  approximate 

pos l t i on  1s determined. Then l o c a l  i n a r e c t  sounding 



on the ground surface 1 s  made to p ln  p o l n t  the 

posi t ion .  In  Bombay the p rac t l ce  has been to  ca r ry  

ou t  a soundmg t raverse  along the  l l n e  of the main 

a t  a h u t  three f e e t  intervals on the  ground surface. 

I t  happens occasionally t h a t  t h e  high ve loc i ty  of flow 

i n  pipelines crea tes  a h i s s ~ n g  no lse  which may be 

mistaken f o r  a leak. In  such condi t ions  the sounchng- 

t raverse  1s m s d ~  along the lengtn of the pipe to det- 

exnlne i f  the noise p e r s i s t s .  I f  ~t does it is un l lke ly  

to be due to leakage. 

General1 y tne  use of sounding rods alone w i l l  enable a 

l eak  pos i t ion  t o  be pin-pointed, b u t  i t  1s frequently 

necessary to follow up w ~ t h  e l e c t m n z c  equipment to 

determine the  exact  l e ak  posi t ion .  

Following s t r e e t  loca t ion  by metering and step tests, 

the loca t ion  of a l e a k  i s  f i r s t  i n d e n t i f i e d  a s  a 

' service '  o r  'main' l e a k  i f  it i s  n o t  otherwise poss ib le  

to pinpoint  i t  by maximum sound i n t e n s i t y .  Sounding is 

c a r r i e d  o u t  on consumers stop-valves, f i r s t  w i t h  them 

open and then closed. If the sound continues a f t e r  

closlng, t h i s  i nd i ca t e s  t h a t  the l e a k  i s  on the main. I f  

the soundmg ceases on closing, the leak i s  occurring 

beyond the  s top valve. 

Pm-pointing of t he  exact loca t ion  i s  c a r r ~ e d  o u t  by 

f u r t h e r  sounang  to  l d e n t i f y  the poszt ion of  maxirmun 

sound in tens l ty .  

..... 1 3  



El t rvus  i x lde  1s used as a t r a c e r  to l o c a t e  l e a k s  i n  

water mains, of l a rge  and small dianeters ,  which cannot 

be t raced by t r a & t i o n a l  technlpes. The gas  1s mixed 

with water i n  the main and is re leased a t  po in t s  of 

leakage. It 1 s  then detec ted  uslng spec ia l  por tab le  

equipment. D e t a i l e d  descriptxon of  t h i s  technique i s  

given I n  Appenchx C. 

C u t  and cap 

With t h i s  procedure, t h e  main i s  i s o l a t e d  f r o m  a l l  

cther connections and water i s  sugplied to the main 

from a m e t e r .  The main i s  c u t  and capped i n  tlie centre. 

I f  flow sti l l  con-nues the l e a k  l ies between the meter  

and the end cap ; i f  t h e  flow througn ceases, the leak 

i s  downstrean o f  the c e n t r e  capping. 

The process i s  repeated wllA succersive sub-&vision o f  

the rr,aln i n t o  even s n a l l e r  sections. I n  some cases, a 

valve i s  cut i n t o  the maln ins tead  o f  capping it. 

kn alternative may be t o  freeze the main i n s t e a d  o f  

c u t t l n g  a d  ca2plng it. 

C o r r e l  a t ion  technique (LINDA)  

This 1s a technique which has been developed by the  WRA 

which i s  used where sounds can be heard wh~ch  give no 

indication of  the  exac t  locat ion of the leak. It 1s n o t  

cur ren t ly  avai lable  as a routine procesure bu t  has been 



proved on s l t e .  

Th€ technique l s o l  a t e s  the  s p e c l f l c  sound p ~ t t e ~ m  of  

the  l e a k  and determines i t s  t l m e  of  a r r i v a l  a t  vdrlous 

poln ts along thc mein. 

S o ~ n e  recordings are  made sunul taneously on a mu1 ti- 

t rack  tape recorder from s e v e r d  po in t s  on t he  main. 

The t m e  l ag  between the  sane sound pa t t e rn  on any t w o  

t r acks  i s  obtalned by correlating (multiplying toge ther  

and ~ n t e g r a t l n g )  one tape wlth another. T k ~ s  , ~ s u l t s  

i n  the  formation of a correlloyrarn. h%en a s e r l e s  o f  

correllograms hes been obtalned along t he  m a n  ~t i s  

poss ib le  to f i nd  the pos l t ion  o f  the l eak  by means of 

a graphical construct ion.  

Halogen compounds 

The main i s  f i l l e d  wlth a l r  dosed wlth a suzstance 

c o n t a n i n g  one o f  the halogens, nonnally carbon 

tetrachloride o r  freon and the  esca7lng g s s  1s detected  

by a sensitive commerMal instrument. 

One of  t h e  problems 1s the danger o f  introduclcg gas 

under pressure lnto a maln, e spec i a l l y  where a high 

pressures  are necessary to  make the  l eak  apparent. 

A 115 o r  230-volt power supply i s  required f o r  the 

de tec t lon  equipment. 

O t h e r  method2 

Much of  the sh l l  assocxated with l e ak  detect lon i s  

...... 15 



no t  only a  mat ter  of i f i t e l l lgen t  handll:.; of 

equipment. The opera to r ' s  knowledge of tne  

geography and environment of an area  o f ten  contribute 

to the efficiency of  detection. The followlrrg i s  a 

typical l i s t  of  po ln t s  of  evidence whlch, & r e c t l y  o r  

indirectly may l e a d  to locat ion of  a  leak. 

Knowledgt, of  o t h e r  se rv lces  crosslng the l i n e  of  the main. 

Recent excavaaons  t o  o t h e r  servlces. 

Discolouration of walls/buildings. 

Moss on walls. 

Uneven road surf  aces, discolourat ion.  

Uneven pavements, 

Recent severing of supply to o l d  semi ce s. 

Hydrants recen t ly  used by contractors ,  f l r e  brigades etc. 

Loss o f  supgly o r  pressure  reduction to adjacent  premises. 

Radioactive treaters can be used which are very 

sens i t ive ,  but  a t  opera t ional  l e v e l s  of radioactzvl  t y  

p r e sen t  health hazards. 

Any d i s t r i b u t i o n  system has a large number of jo in ts .  

Even after taking all possible measures, s o m e  leakage 

will occur through it, Upper l i m i t  o f  such leakage i s  

taken a s  250 gal;ons/day/inch diaJplpe/mile. 

5, Waste Control 

Wastage i n  d i s t r i bu t ion  system i s  through i s  because 

of several reasons. Prominent among these are :- 

1) Leakages I n  plpe l l ne so f  the under taung.  

,....I6 



2) Leakages ~r . se rv ; rcemnnect ions ,  abondone2 mains and 

through valves ,  f e r r u l e s ,  hydrants  etc. 

3 )  Unregis te red  connections.  

4 )  Fau l ty  and damaged meters. 

5) Wastage o f  water  through m e t e r e d  connect ions  

(pay ing  f l x e d  charges) .  

6) Thef t  o f  water. 

7)  Through s tand  pos ts .  

5.1 Leak detection ant! waste c o n t r o l  i s  I n  i t s e l f  a v a s t  

sub jec t .  Leakages d e t e r i o r a t e  s t a t u s  o f  water supply and 

d r a i n s  o f f  va luable  revenuesof t h e  Water Undertaking. 

Fur the r  it leads t o  : 

i )  'poor  19alntenanm due to Lack o f  Revenue'. 

ii) 'water  Shortage and Lob Pres su re  '. 
5.2 There are v a r i o u s  methodologies being p rac t i sed .  

But the msin p r i n c i p l e  i s  the  same i.e. unacmunted  for 

water i s  equal to differen- b e t e e n  water  produced and 

water  f o r  which under tak ing  g e t s  revenue. For c a r r y i n g  

o u t  t h e s e  studies, d i s t r i b u t i o n  system 1s divided into 

Zones a d  Sub-zones. 

Zone - Is a p a r t  o f  the dxs t r zbu t ion  system which 

h a s  h y d r a u l i c  b u n d r i e s ,  g e n e r a l l y  c r e a t e d  

because o f  geographical  cond ibons .  

Sub- zone - A Segment o f  a s t r i b u t i o n  Zone whlch can be 

Segregated h y d r a u l i c a l l y  by c l o s i n g  S l u i c e  

Valves. 

Gene r a l l y *  s tudy  f o r  a s s e s s e n t  o f  'wastage ' or  'unacwunWd 



f o r  water '  i s  &ne sub-zone wise. Various type o f  

meters  a r e  used to measure/ assess  incomlng flow i n t o  

the  Sub Zone. Water supplied to va r ious  consumers 

through meters  and t o  unrnetered consumers i s  measured/ 

assessed  a s  accura te ly  a s  possible .  Evaluation of 

wastage 1 s  done as under t -  

% Wastage = Kastase a s  assessed i n  24 hours x 100 

Total  flow l n t o  the  System i n  24 hours  

6. Case S t u d y  

To g e t  an i dea  about the  b e n e f i t s  achleved by mplementing 

a 'Leak d e t e c t ~ o n  and hfaste Control ', programmes, r e s u l t s  

achleved i n  kmbay can be quoted :- 

Bombay Municl2sl C o ~ o r a t i o n ,  L/s Blnnle and Pa r rne r s  

and C P t i t R I  had j o i n t l y  c a r r l e d  o u t  an investigation i n  

liapean Sea Road area of  Eombay. The highlights o f  a 

case s tudy a re  brought o u t  i n  br ief .  

Kapean Sea Road zone i s  fed  by a 12 '  &a. o u t l e t  f r o m  

Malabar H 1 1 1  reservoi r .  The age o f  themrun ranges 

from 70 t o  110 years. The pressure  survey showed consider  

able  drop and hence t h i s  was s e l ec t ed  f o r  a case study. 

Napean Sea Road zone has  7+ hours supply and hence n i g h t  

flow measurement was n o t  possible. The s tudy was l i m i t e d  

upto  munlclpal l i m l t  f o r  waste assessment and l e a k  

de tec t ion .  

Zone was divided I n t o  flve sub-zones and the waste 

assessment was c a r r l e d  o u t  independently i n  each sub-zone 



by revenue by pas s  meter. ~ f t e r  waste assessn~,,?t tne 

pipe alignment, l e ak  detection and r e p a i r s  w=xe c a r r l e d  

out an2 the zones mere again t e s t ed  f o r  f i n a l  loss. 

SUB ZO1;E I n i t i a l  Loss Final Loss 
(gals / in  &La./ (gal s/in d l  a l /  

mile/day mile/day) . 
IST S i l B  ZONE 7 ,170 4 ,780  

2ND S U E  ZONE 6 ,140  1,205 

3RD S U B  ZO&E 73 ,000  6 ,280  

4TH SUB ZONE 75 ,600  4 , 2 1 0  

5Til SUB ZONE 3 ,680 3,440 

T e s t  r e s u l t s  show that t he re  i s  remarkable improvement 

i n  the water l o s s  i n  subwnes 3rd and 4th. I t  was observed 

t h a t  these l o s s e s  a r e  attributed to  (i) leakage on dlsused 

connections, ( i i )  unregistered connections, ~ n d  (iii) under- 

ground leakage o f  main pipe and a t  f e r r u l e  connections, " 

7. Economics of Waste Contml 

There i s  a problem i n  deal ing w i t h  this i s s u e  accurately.  

Identifying and evaluat ing i n  f igures  a l l  h n e f l t s  

accrued and expenditure incurred i s  d i f f i c u l t .  But this 

should n o t  stop u s  from making a s  accurate assessments 

as possible. Assessments of bene f i t s  i s  a l so  problematic. 

Suppose i n  a system supplying 10 m l d  water, it has been 

poss ib le  to save 1 rnld. Saving of water i s  10% . But 



it does, i n  a l l  cases,  mean t h a t  efter ~mplementing t he  

programme, revenue w l l l  i nc rease  by 10% o r  e x p e n a t u r e  

decr0ased by 10%. I f  undertaking purchases bulk water, 

then t h e r e  may be a saving of  near1 y lo%, bu t  i n  case  

raw water i s  free, savings w i l l  be equal t o  t he  c o s t  

Of  Electricity used for punping and chen~lccl used f o r  

t r ea tment  a p a r t  from some improvement i n  terminal p r e s su re s  

due to r e d u e d  draw o f f  i n  t he  a reas  where leakages were 

heavy. 

Prevent ive  Maintenance o f  water meters used on consumers 

connect ions i s  important  to ensure proper  b i l l i n g  and 

co l l ec t ion .  There should be a programme f o r  r ep lac ing  

de f ec t i ve  and warn o u t  m e t e r s  and a l s o  f o r  co r r ec t i ng  

i naccu ra t e  ones. Zxperience has  shown t h a t  poor i n s t a l l a t i o n  

cond i t i ons  an8 tampering o f  meters have been the main 

reasons m some coun t r i e s  f o r  defectsand damage i n  water 

meters. Standardiza t ion  o f  i n s t a l l a t i o n  of meters  and 

educat ing  p u b l i c  toge the r  with choice o f  proper  design o f  

meter w i l l  bee f fec t ive  i n  meeting the s i tua t ion .  Use of  

wet dial water meters  w l l l  reduce tampering. 

8.1 A t  the end  o f  each month the  Meter Reader w i l l  

f u rn i sh  a s tatement  o f  defect ive/  damaged/ inaccura te  

meters  i n  proforma enclosed. I t  w l l l  be b e t t e r  i f  a l l  

these  meters  a re  taken o u t  and i n  their p lace  new/ over  

hauled t e s t e d  meters i n s t a l l e d .  Keters taken o u t  f r o m  



consumers connections should be s e n t  for r epa i r s .  But 

t a k i n g  o u t  o l d  meters,  sending tnem f o r  r e p a i r s  should be 

p r o p e r l y  recorded i n  Keter Ledgers, 

9, Record and Record Keeplnq 

e e p i n g  adec l~a te  record i n  a  s c i e n t ~ f l c  way i s  an l n t e g r a l  

p a r t  o f  system deslgned f o r  Frevent lve  Maintenance o f  a 

water Sups1 y Scheme. Records provide an e x c e l l e n t  

document t o  know t h l n g s  done and t o  be done. PM r e c o r d s  

tlll when maintenance hiis ltst Sone, when time f o r  n e x t  

cneck i s  ap2rcachlng. This  enable  n a i n t a l n ~ n y  a pre- 

d e t e m i n e d  sche6ule t o  ensure  *.at no th ing  i s  f o r c o t t e n  

and l e f t  undone. 

9.1 h h a t  records a r e  t o  be maintained i s  menhoned i n  

di s c r i p t i o n  a l ready  made. These r e c o r d s  should be c & r e f u l l y  

p rese rved  and f i l e d  i n  a sys t ema t l c  way so # a t  t hey  can 

be a v a i l a b l e  when required.  M a n t e n a n t e  of  these r e c o r d s  

c o s t s  l l t t l e ,  b u t  t hese  a= o f  g r e a t  v s l u e  subsequrntly.  

10. Pormatlon o f  Prevent ive ka in tenance  Teams 

T h ~ s  depends on seve ra l  f a c t o r s  s p e c i a l l y  size of the 

Water Supply Undertaking and t h e i r  number i n  case  o f  m a l l  

schemes. I n  l a r g e  underta lungs s e v e r a l  P reven t ive  

Maintenance Teams w l l l  have t o  be formed. Whether t h l s  

team 1s e n t r u s t e d  with the work o f  Breakdown mainteriance 

o r  n o t  w i l l  agaln depend on Volume o f  work involved,  

T h i s  procedure w l l l  h e l p  P reven t ive  Maintenance as p e r  

schedule. Say I n  a mebum s l z e  Scheme w l t h  100 MLD supply 

f o r  a populz t ion  o f  say  4000,000 and having convenUona1 

Treatment System, Preventive Maintenance may p r e f e r a b l y  



be done s e p a r a t e l y  a t  following g laces  :- 

1. In t ake  works and Raw Water Fumplns S t a t l o n .  

2. Trea 'mtn t  works and C l e a r  Water Purnsing S t a t l o n .  

3. D l s t r l b u t i o n  Systems. 

( a )  3oos t e r s  an6 i o n s 1  Furnplng Stations. 

(b) F l p e l i n e  n e t  w r k .  

10.1 Teams mzy c o n s l s t  o f  follocring. These teains can 

do Prevent ive  h l a i n t e n a n c e  f o r  2 a e k s  and during t he  

remaining p a r t  o f  t he  moztn do bmakdo~n o r  o t h e r  mainte- 

-nance 303s. 

1, In t ake  works and R a w  n ' a e r  P m p l n g  StatLon.  

Electrician 1 

F l l t e r  Eechanic 1 

Helpers 2 

2. Treatment works and C l e a r  Water F u q i n g  S t a b o n .  

E l e c t r ~  c lan  1 

F i l t e r  Mechanlc 1 

Helpers 2 

3. (a )  E l e c t r i a a n  1 

(b) Helper  1 

(b)  Plumber 1 

Kechanlc 1 

Helper  1 

10.2 Since number of I n s t a l l a t l o n s  and area w l l l  be large 

I n  case  of 3, tean 3 (a3, may p robab ly  be able to cover  a l l  

m a s t e r  / Zonal 2uxplng S t i t t l o n s  ln 2 weeks, but team 3 (3) 
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may ram* hry through a t  the month. %buns 3 (a) and 3 (b) 

will d m  rrquim trmsport. Teams whfchara rmqufrra to do 

prevmtlr, as wall w Brsak&wn mairrbsniaros, may do preventive 

mainteama on a diffe-t day Ifsomcr breakdaun occurs. 

10.3 Th.8e bcirns m u s t  be mquipped dth 44 pEopar tools and 

testing asters ,  (b) ordinary spares l i b  mntactsof electric 

wS+clh.s, carbon brusher, (c) material lib, pig lead 1ubtfcatinQ 

oil, gmam, 8mry paper, electric -0 

4 for mall 8chems lib ~1 .d  water supply a c i d t  w i l l  

hem te tmrked out in which preventive maiatenence of Say 7 to 10 

Schema cv\tld be &nr in a m k .  Pbr namdning daystha teao oould 

bitbet bcgiven anether cl&t or deploy86 onother o v e M i n g /  

rrpdt wr)r, 

10.5 Sfeg of 'Itsas and time indicated i s  for dxucking 

rrad &lag mfnor jobs. If, however, Inwct5un m#&s tkat  am- 

m a j o r  jew repairs aze tD k, Sn that cam more rteff m d  tirsa 

hall bc re+imd. ThSs extra staffmay either be dram fmre other 

rsctions, or temporary haad ~cruitred bor a 8pcffic titr# or 

job be got done en wntract  A l l  j o b  done must bereoor&d om 

Cratd.. 

30.6 kbr obtafning uatirfisdx#r~~ end a&+. first a fim a~nvicfion 

ia tfM maaegment about: the urpantn6aessfty of Pseventiar 

nalnteaarce Progrsmma p a  #en strong -1 to taplscaerrt t3mm a m  

~oessary .  E - r i e n e  has shown that wfthout th is  rvrrn the 

best of plaa will Pot work, 
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Code Nuinberinc, SL s t e r  

1. XNTiiOWCiISX 

As mentioned i n  para  4 of System Design and Preventive 

Maintenance, code nnumberlng i s  necessary for l a r g e  water 

supply schemes. In Small Schemes, it 1s n o t  e s s e n t i a l  

In l a r g e  schemes, f i r s t  the system as a whole has to  be 

chvlded I n t o  s t age s  :- 

1. In take  Works. 

2. Treatment horks 

3. 14aln Pumping Stations. 

4. Dls t r ibu t lon  System. 

Code 1, 2, 3, 4 be glven i n  numbers o f  va r ious  i t e m s  

c o n t a ~ n e d  i n  each of  the above works. K a ~ n  coding may 

be done a s  shown on knnexure at tached 'Code iiumberlng 

System'. 

2. Deta i led  Code Numbers 

A t  works spec l f l ed  by 1, 2, 3, 4 there i s  a l a r g e  number 

o f  each item. For example, Slu ice  Valvesand Pumps are 

p r e sen t  a t  each work an@ that alsomany rn  numbers. A l l  

these have t o  be numbered sys temat ica l ly  :- 

(a) Slurce  Valves a t  In take  Works -1uumber a s  below :- 

l /SV/ 1 

l/SV/ 2 

l/SV/ 3 



(b) s l u i c e  Valves I n  Zones of D l s t r l ~ u t i o n  System - 
huinber as =low t -  

4/I/SV/ 1 

4/1/SV/? 

4/ I/ SV/ 3 

2.1 As hds beenrnentloned e a r l l e r  I n v e n t o r y  Forms are 

a model. Identification numbers and Code Nunbers could 

Even be same. Once code numbering sys tem has been 

e s t a ~ l l s h e d ,  i n  t h e  I n v e n t o r y  Forms also i n s t e a d  o f  

I d e n t i f i c a t i o n  numbers codes could be used. 

2.2 As f a r  a s  p o s s l b l e  all machinery and equipment should 

be p a i n t e d  wlth these code n u m k r s  to f a c l l ~ t a t e  day to day  

uorlung.  



Code Numberina System 

Note t I f  item hastwo worfis, use 2 Block Letters f o r  

abbreviation. I f  l t e m  has only one wrd, use 

f ~ r s t  letters i n  j l o c k  and o t h e r  i n  Snall. 

f 

- 
Trea t -  
merit 

Works 
2 

- 
- 
- 
- 

wpm 

zt 
LT 

- 

N a n  
'wnpLng 
S t a t i o n  

3 

- 
- 
- 

3/F"v 

3 / h  

- 

I 

I tern Abbre - I n t a k e  
I vi ation viorks 

1 
I 
I 

1 
I 

Tubewell 
TW I 1/TW 

Bar Screen 
i 

BS 1/3S 

D ~ s t r ~ b u  t i o n  System 
a n e  I zone II Zone III b n e  IV 
4/1 9/11 4 / I I I  4/1 V 

4/ 1/TW 4/I I/T 1' 4/I  I I/TW 4/IV/Td 

- - - - 
- - - - 
- - - .. 

4/I/Pm 4/1I/hn - 4/1 V/Pm 

411fli t  4/11/:*.t - 4/IV/Ei t 
LT LT LT 

- - - - 

Sump W e l l  

Footvalve 

SW 1/SW 

pump F'M 1 l , h l  

i I 

N 
I WF"v 

rVlotor -LT 

Motor -HT . 

- M t  
LT 

Mt - 
H.T. 

LT 

a t  
IieT 



INTRODUCTION 

Insp~te  of all e f f o r t s  made to produce pure, sa fe  and wholesome 

water  through conventional t rea tment  ,vlz. Coagulation, f l l t ra t lon and 

disinfection, there  a r e  chances  of secondary pollution In t he  distribution 

system. 

Common causes of pollutlon In the  d l s t r~but ion  system are: 

INTERNAL AND EXTERNAL CORROSION 
Consumers' service pipes a r e  mostly of galvanised iron. Qulte o f ten  

these pipes pass through waste  water. internal corrosron 1s due  t o  aggress- 

ive nature of water  while external  corrosion is caused by corrosive act ion 

of sol1 and waste  water  through which plpes o f ten  pass. 

LEAW 

Leakages In pipelrnes develop because of number of reasons. During 

non-supply hours waste  wate r  f rom the  drams etc. en te rs  ln to  t h e  pipelines. 

DEAD ENDS AND STAGNATION 

If the  d~str lbut lon net  work is not properly deslgned and operated,  

and water remains stagnant,  d e t e r ~ o r a t ~ o n  In water  quality occurs. In 
such cases  sl lme growth 1s Caused. 

lPJTERMITlTNT SUPPLY 

V!ater u t l l i t ~ e s  w ~ t h  ~ n t e r m l t t e n t  suoply have comparatively frequent  

complaints of deter iorated wate r  qualrty when supply beg~ns .  Vacuum 

crea ted  In t h e  p ipe l~nes  during off hours leads to back siphonage. Someti-  

mes  " No water  pressure " occurs  in p ipe l~ne  due to power failures. 

5.1 In vlew of t he  above, Under Preventlve Maintenance Programmes, 

wlth protection of consumers' communication plpes by P.V.C. o r  C.1. 

casing pipes, t h ~ s  problem of contamination c a n  b e  controlled. Frequent 

checking of dis t r~but ion system, timely repalrs, scheduled sampllng fo r  

bacter~ologlcal  examination and overall monitoring will be  e f fec t ive  In 

ensurlng supply of good quallty water.  Similarly, surveillance of raw water  

resource and necessary chemical and bacter lolog~caI  analysis done tn a 
scheduled manner, wlll help checking s t ream pollutlon. 



( 2) 
The frequency of collection of samples, for bacteriolog~cal exami- 

nlnatlons, t o  be collected from the dlstributlon system, depend~ng upon ' 

the populat~on, should be as  follows: 

5.3 I t  is well proved that by pract is~ng preventive maintenance regul- 

arly, not only, water supply systems a r e  economically run but also standards 

of water qua l~ ty  can also be well ma~ntalned. 

Population served 

Upto 20,000 
20,001 -50,000 
58,001-1 00,000 

More than 100,000 

Maximum ~nterval  bet- 
ween succe'ss~ve 
sampl~ng 

One Month 
Two weeks 
Four days 

One day 

Fdinimum No. of samples 
t o  be taken from entlre 
d~s t r~bu t ion  system. 

One Sample per 
5,000 of populat~on 
per month. 

One sample per 10,000 
of populat~on per month 

r 

I 



GUIEUNES ON Pfi)=PAUTIOB OF TBUDER SPECIFICBTIOKS 
ON ECOZOMIC FIBPING PIANT, SEUZTION AM) 
STAF~DIP9,ISAT I O N  ETC. 

1 IhTEODUCT ION 

1 .I For s e l e c t i n g  a pumping plant  which m y  be most s u i t e k l e ,  

both t e c h n i c ~ l l y  and. economically, proper and accu rc t e  

draft- of t e chn ica l  specif i co t  ions  i n  t ender  document o i s  a 

2%-ZLQUISITE. F i r s t ,  the re fore ,  guidel ines  are 

necessa ry f o r  preparat ion of t ender  spec i f i ca t i ons  f o r  

pumping se t s .  

1 -2 In  the  t e n d e r  spec i f  i c a t i ~ n s ,  some information haa t o  be 

given by t h e  Eoard end some i n f o ~ t i o n f d e t a i l s  need be 

aaked from the firnis. It is proposed thzt t ender  

specifications be divided In two parts, 

PART -A 

1,3 In t h i o  part t h e  fioard should g ive  pointwise, t h e  necessarg 

W o m t  ion t o  t h e  tenderer ,  Simultaneously t h e  t endere r  

must be t o l e  what information/ d e ~ a i l s  he  ha6 t o  furnish 

along w i t h  h i s  o f f e r  and what aspect6  he should t a k e  i n t o  

aocouat i n  o f f e r ing  t h e  most s u i t a k l e  gunping set, 

PAKi! -E 

1.4 Thie  part cone i e t a  of (I) cos t  schedule and (11) echedulc 

of t e c h n i c a l  performance. For (I) var ious  i tems proposed t o  

be pur'chased should be described wi th  de t a i l ed  apecLficat ione 

i n  i n  s e r i a l  order,  Then a tabu la ted  form, Schedule I 

a a  shown on page /e be prepared in t h e  same order  on 

which t h e  firms may be asked t o  quote their prices,  For 

(11) a t abu la t ed  p r o f o m  has been prepared and is a t t eched  

as Schedule 11. Tenderer8 be asked t o  subnit t e c h n i c a l  

performance of t h e  prmphg set on t h e  same. Relevant 

i n f o r m t i o n /  d e t a i l s  which need be furnished by the . . .2 



whether it should be radia l ,  ax ia l ,  o r  mixed flow; 

de t a i l s  of suction and delivery, nwnker stages %to., 

should be l e f t  t o  the  tenderer t o  quote, which in  

t h e i r  opinion should be the beet in performance, in 

cost and i n  day t o  day operation and maintenance, 

Maximum size of sol ids  tha t  a r e  l ikely t o  flow i n  

the  pumps must be mentioned. 

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

de t a i l s  which have been described in (b) above, 

10. - Pump Speed 

10.1 What ahould be t he  pump speed often becomee a point of 

controversy. In submersible pumps in  tubewells speed 

of 2900 rpm i e  always aoceptable, because with lower 

speeds s ize  of both motor and pump becomes bigger and 

it i e  generally d i f f  i c ~ l l t  t o  accommodate t h e  larger 

uni t  inside the tube welle. h w e r  speed pumping eeta 

c o s t  more, 

I n  case of centrifugal pumps, lower speeda can be 

adopted, but the commercial aspect must be careful ly 

considered a s  low speed elec t r ic  drivemi pumping aets  

cos ts  more. Speed has much t o  do with t he  head a l s o  

( a s  N x $1. Hence in cam of high head prmpa, higher 

speed is commercially very admntageous, But increase 

in speed tends t o  increase maintenance and, therefore, 

a sui table  balance hae t o  be achieved between i n i t i a l  

cost  and maintenance cost. A p a r t  from cost  other fact8 

a l so  need be considered. I n  f ac t  temperature, speed 

and a l t i t ude  ham an ef fec t  on suction lift. 



10.2 Bffect  of Temperature, Speed and Al t i t ude  
over Suction L i f t  f o r  C e n t r i f w a l  Pumps 

Pumps w i t h  not  t o o  high a apeed, l i q u i d  temperature 

upfio 68% and a n  i n s t a l l a t i o n  a t  low a l t i t u d e ,  can have 

auct ion l i f t  Fnc1udh.g f r i c t i o n  losses ,  ve loc i t y  head 

and other  causes upto 20' (bu t  i n  p r a c t i c e  e f f o r t s  

should be made t o  keep it upto 15'. 15* suc t ion  l ift  

w i l l  provrde more t rouble-f ree  operat ion,  spec i a l l y  in 

charging and sterting t h e  pumps). A t  h igher  temperaturea 

and i n  case  of h igher  a l t i t u d e s  t h i s  figure is reduced, 

I n  a l l  cases  where t h e  utmost suct ion l i f t  is e s s e n t i a l ,  

it is advisable t o  consul t  t h e  manufacturers and request  

them t o  Purniah necessa ry da ta  and tea$ r e s u l t s  on 

which its recommendations are based, These should then  

be c r i t i o a l l y  examined i n  t h e  Boardte o f f i ce .  

The fol lowing table ind i ca t e s  t h e  suc t ion  l i f t  i n  

r e l a t i o n  t o  temperature of t h e  l i q u i d ,  number of 

revolut ions  and a l t i t u d e  of the e rec t ion-s i t  e of t h e  

PWPo 

Suction at 1450 rpm 21 20.5 19 16.5 13 9 0 - 

lift i n  
f e e t  a t29OO rpm 75 14 12.5 10 6,5 2.5 0 

Al t i t ude  
in feet 0- 1500 3000 4500 6000 7500 9000 1ooOO 

Fac tor  f 1.0 0.9 0.79 0.7 0.62 0.54 0.47 

For  a l t i t u d e s  above 1500 ft. t h e  suc t i on  l i f t  muat be 

mul t ip l ied  by t h e  f a c t o r  'f*. 



1 0  The speed r e l e t i o n a h i p  t o  temperature and a l t i t u d e  

may be kept in view. before combg t o  a f i n a l  conclusicn 

on speed, based on t h e  speed which i s  proposed t o  be 

adoptcd, s p e c i f i c  speed may be ca lcu la ted  from t h e  

Ns = Spec i f l c  speed o f  t h e  pump 

N = Speed o f  pump i n  ReEl 

q = D i s c h a r ~ e  i n  imperial  g s l l ons  per minute 
of a s i n g l e  suc t ion  impeller  

H = T o t a l  Head per s tage  i n  FT 

10.4 T o t e l  suct ion l i f t  that centrifugal pumps can c r e a t e  while 

working aga ins t  d i s f f  erent  t o t a l  hesds al d s p e c i f i c  apeeds 

a r e  given i n  diagrema on pages 12.13.14 (curves  taken from 

Hydrrulic I n s t i t u t e  Standards).  In case  t h i s  suct ion l i f t  

is less than  that a t  which t h e  pump has t o  work, proper 

apeed m y  be se l ec t ed  which my give the des i red  t o t a l  

auct ion lift . 
1.05 However, t h e  f a c t  remaim t h a t  t h e  h igher  t h e  speed of t h e  

pumping set, t h e  g r e a t e r  the a t t e n t i o n  it r e q u i r e s  in day-to- 

day maintenance. A l s o  aome prts a r e  subject  t o  more wear 

and t e a r .  I n  view of th i s  p r a c t i c ~ l  problem, t h e  following 

broad guidel ine  is  a l s o   take^ i n t o  considera t ion : 

Small Punping S e t s  - haximum Speed - 2900 RPM ( u p t o  10 B H P 

Medium s i z e  Sets  - *t I* - 1450 I t P M  (Between 10 
and 200 3 P) 

b r g e  s i z e  Sets - H " - 950/750 RPM Above 
mHP 



11. Arrawemente and Details of Exls t ing  Pmps  

If t h e  pump required  is  t c  work  i n  p r a l l e l  o r  i? s e r i e s  wi th  

t h e  e x i e t m g  o the r  pumps, a de ta i l ed  BY-etch of tk-e existing 

i n s t a l l a t i o n  along with t h e i r  performance curves and other  

d e t a i l s  should be given i n  t h e  t ender  documents t o  enable t h e  

firm t o  examine s u l t a t l l i t y  of t h e  pwnp offered f o r  run~:ing 

it i n  p a r e l l e l  t o  t i le existing pumps o r  as t h e  case  may ie .  

12. Performance Curves 

While t h e  firms w i l l  be askea t o  fu rn i sh  t h e  complete perfor-  

mance f i g u r e s  and curves of t h e  pump offered by them the  Board 

should advise  the suppl ie r s  t o  quote f o r  p a p s  which have a s  

uniform o r  e f f i c iency  as  possible throughout i ts  e n t i r e  r a r g e  

of working, Also pump c h e r a c t e r i a t i c s  should be such t M t  it 

should no t  inipoae on excess olad on t h e  motor during any point  

of working, It m y  be mentioned i n  t h e  apec i f i ca t i ons  t h a t  

t h e  supp l i e r  shall ensure t h a t  t.H.P. of t h e  motor being 

offered is such that it d i e s  not draw more than its f u l l  

load cu r r en t  under any circumstances of working i n  the e n t i r e  

renge 

Tenderers my  be asked t o  fu rn i sh  t h e  fol lowing performnce 

curves f o r  t h e  pumps offered3 

1; Discharge - Head 

2. Piacharge - Effioienoy 

3. Head - B.H.P. aksorbed a t  pump sha f t  

4. Head - Current drawn by motor, 

In 2 above Discharge is meaeured and Eff ic iency ca lcu la ted  

a t  t h e  s p e c i f i e d  speed (WM) for l s r g e  pumps, Net pos i t i ve  

suct ion heed ( ~ s H )  required a t  t h e  duty point  i.e. at t h e  



epecified f f  ow and epeed of rcteti 'on ehould be enquired 

from t h e  f i r m .  For cav i ta t ion  f r ee  performence of a pump, 

it is necessary thst a v a i l a t i e  NPSH i s  always higher than 

the required NPSIi. 

13. Workmanship e t c  . 
The mat te r ia l s ,  worlananehip and f inieh of&e  complete work 

ahall be of t h e  best qua l i ty  and i n  these respects  S r i  

Lenke/Brit ieh Standards s h a l l  be f 011 owed. 

14. I n t  ercfianaeabilitg 

Corresponding p a r t s  of a l l  t h e  machines, apparatus and 

equipment s h a l l  be standard and interchanges ble. Nut 8, bol*s, 

screws etc. shall confirm t o  S r i  I a n k a / B r i t i &  Standards. 

15. Deviat i o m  from Preecribed Specif icat iona 

Design, layout, construction, materiala etc.  shall a l l  be a 8  

per spec i f ica t ions  provided i n  t h i s  tender documents, 'cut in 

case firms can suggeet any a l t e r a t i o n  o r  deviation w i t h  a 

view t o  obtain economy, increased efficiency and atrfety, 

f a c i l i t y  i n  operation and mint enance, t h e  f i rms  may submit 

t h e  same and these  w i l l  be ca re fu l ly  considered whi le  

awardingwork. But firms must provide similar guarantees 

f o r  deviat iona/al terat ions S u g ~ e s t e d  by them. 

16  peinatatement of Works dama~ed/broken durinq 
execution of work 

The firms may be inSormed in t h i e  para that  i n  case  any work, 

land, property, fencing o r  t h e  l i k e  are damaged/broken/al%ered 

by them during t h e  course of t h e i r  w ~ r k  whether inf ent  ional ly  

f o r  t he fac i l i t g  of executing t h e  w ork , or  inadvertently o r  

by mistake, the same ahall hhve t o  be re ins ta ted  t o  the 



o r i g i n a l  condi t ion  a t  t h e i r  own expense and no c la im 

ahel l  be considered by t h e  Board. 

Firms must be advised t o  inspect  the s i t e  before tender ing 

and s a t i s f y i n g  themselves about everything regarding t h e  wozks. 

Firms m y  c l e a r l y  know t h a t  it w i l l  be i n  t h e i r  i n t e r e s t  t o  

inspect  t h e  s i t e  of work, read t h e  tender document carefully 

before submi t t i rg  t h e i r  o f f e r ,  In csse  of any doubt o r  

d i f f i c u l t y  they ehould d iecuss  t h e  matter with Board's 

engineer before submitting, t h e i r  o f fe r .  It w i l l  be 

presumed t h a t  t h e  firns have s a t i e f i e d  themaelves 

about t h e  scope of works, varioua dimensions, l eve l s ,  

charzc t re  and n~ture ofw ork before submit t ing t h e i r  of fer .  



DESCRIPTION OF ITEMS COWTAII\!D IN 
scffSEIOX;E ( s c m m  1) 

1. Provis ionel  Sum 

If during t h e  execution of work o r  a t  any o the r  stage it is 

considered necessary t o  do any o t h e r  work o r  eupply any o t h e r  

i tema, then t h e  firm a h a l l  be bound f o r  t h e  same up t o  an 

amount of k. 5O,OOO/= on r a t e s  s e t t l e d  mutually terms of 

payment being t h e  aame as in the main con t rac t .  

2 J a )  E l e c t r i c a l  Switch Gear 

Type of c i r c u i t  breaker / i so la t ing  switch w i l l  depend on f u l l  

load cu r r en t  t o  be c a m i e d  by i t .  There i s  no defined po l icy  

but experience has &own that use of I.C. T.Y. ewitchee (Uon 

Clad T r i p l e  Pole w i t c h e s  with our without n e u t r a l  1-1 on 

ci.rcuita carrying more t han  100 Amps. is accompanied w i t h  

more maintenance problem. Ae such on c i r c u i t s  carrying 

more than 100 amps. it is adviseable  t o  nae a i r  o r  o i l  

c i r c u i t  bxeakers, i n  s p i t e  of t h e i r  h igher  c o s t .  

However t o  provide further pro tec t ion  and se rv i c ing  f a c i l i t y  

t o  c i r c u i t  r reakere ,  back-up p ro t ec t i on  by i s o l a t o r s  with 

H.R.C. fusea ehould be provided wherever poesible.  

So f a r  as t h e s e  i s o l a t o r s  wi th  H.B.C. fuees ( o r  I.C.T.P. 

w i t c h e s )  a r e  concerned, t h e s e  are simple equipment and it 

w i l l  be m f f i c i e n t  t o  spec i fy  3 To 4 good makes and tendere r  

should be asked t o  include and quote  f o r  aqy i n  h i e  offer.  

hut a s  f o r  c i r c u i t  breakera, it is necesaarg t o  give d e t a i l e d  

spec i f i ca t i on8  and while draft- these, follar- 

considera t ions  be made. 

C i r c u i t  weakera could e i t h e r  be air break o r  o i l  c i r c u i t  



breakers. I n  caee of o i l  c i rcu i t  breaker, t h e  o i l  tank 

should be designed t o  he pulled out eas i ly  and ehould have 

arrangement t o  indicate correct o i l  level i n  tank. 

The oreakera should ce provided with both t -  

(a) Main contact 

(b) Arcing contact 

Following releaees a b l l  aleo be provided t -  

(a) Over current releases ( time lag ) 

(b) Under voltage release 

( c )  Eiarth leakage relearn 

( d l  Single phasing preventer 

For overload releasee, current se t t ing  arrangement ahall 

be provide%. 

Contact terminals &all be ao designed that ade~ua te  o o n t ~ t  

preaaura is nraintained i n  all conditions of working, It ahall be 

preferred if both moving and fixed contrscta are of ro l l ing  - butt 

pattern type and close with a eelf-wiping action. Design and f ix ing  

of the  crontaota ahould ensure easy inspection, servicing and repkc- 

ement. C o n t a c t  t i p a  should be of special  alloy/silver-plated/nickel- 

plated t o  provide smooth contact and resistance t o  a r e  wastage. 

Suitable inter-looking arrangement is necessaFy. The whole 

c i rcu i t  breaker ehould be housed i n  a etrong C. I. o r  M.S. enclosure 

of adequate s iee  s o  thet when opened, enough space is available f o r  

change of contacts and f o r  other routine repai rs  and maintfmsmoe* 

Size and desfgn of the  encloeure ehotzld enaure adequate precaution 

againat any contact between the l ive  pasts - and any F& of the 

enclosure. 



A cord of  rubber o r  of any other suitable material be provided 

along the periphery o f t h e  f r o n t  door and other openings t o  make the 

panel duet -proof. 

In case of panels, sidee of covers should be covered by 

asbestos cement sheets which a re  t o  be iaserted between the panels. 

For end wnels ,  s t e e l  side covers are necessary. 

A s  f o r  cabllng arrangement, the eame should be simple t o  provide 

easy opening and  closing of  terminals. It is prefera t l e  if they a r e  

brought out t o  a terminal board f o r  making cable connectione. 

Other genes1  conditions ahall f u l f l l  the  relevant provision of 

the S r i  lrrnka Standards o r  Brit teh Standards. 

For t h e  c i rcu i t  breaker offered, the  mppl ier  shal l  furnish 

the following information : - 
1. Rated voltage 

2. Normal ourrent ra t ing  

3. Breaking capacity i n  N A  a t  415 V 

4. Rated short c i rcu i t  current 

5. T r i p p w  delay characterist ics.  

For motors above 20 B.H.P. where squir re l  cage induction motors 

a r e  offered, use of auto-transf6rmer type @barters may be specified. 

It may be further mentioned that tapp-a of t he  a u t o  transformer 

s t a r t e r  a r e  80 chosen considering the  s tar t ing.  Current required by 

t he  pumping se t  tha t  d a r t i n g  ourrent being limited t o  15% of the 

normal f u l l  load ~urrent .  

Wumber of  rswitchea/breakers and t h e i r  capacities w i l l  depend on 

the number of the  m o t o r s  t o  be cuntrolled and t h e i r  sizes. If t h a e  

are more than one pumping a e t ,  it w i l l  require a panel, pre fmbQ 



t o t a l l y  enclosed, metal c l a d ,  fabricated out oi N.S. sheets and 

angles. There w i l l  be one main incoming ewitch/breaker and then 

one f o r  each pump. In case a switch i s  required f o r  lfghtinf; 

purposee, it should be specifically specified along with sating. 

Panel Instwnentation - Extent of instrumentation depends on number 

and s ize  of punping se t s  t o  be controlled. However, in case where 

number of pumps i s  more than one, and ci rcui t  breakera have Deen used, 

the switch gear panel i s  normally equipped with following instruments. 

1. KWH meter of adequate capacity with C I S  i f  current 
i e  high on each c i rcu i t  breaker. 

2. V ~ l t  meter - t o  be provided on main incoming c i r cu i t  
breaker (0 - 500 V) with selector  switch fo r  each phase 

3. Power factor meter - on the  main incoming 

4. Frequency meter - on the  main incoming 

5 .  Amneter on each c i rcu i t  breaker of capacity 2 3  t imea the  
f u l l  load current with selector  switch. 

6. Belays as maintioned above on each c i r c u i t  bmaker 

7. Single phasing prevention device f o r  each motor 

I n  case of small pumping s e t s  using I.C.T.P. switches 3,4,6,? 

could be omitted. 

Switch gear ahould be f loor  mounted with about 3 f t  (1 metre) 

epace l e f t  behind fo r  conducting repaire. 

Whfle t he  firm w i l l  quote t o t a l  cost of t h e  m i t c h  gear on 

Schedule I, break up bowing coat of each Uem i.e. each ewit0h.l 

c i r cu i t  breaker etc. sha l l  be given on a separate eheet. 

2( b) Earthing Material 

A 1 1  material required f o r  earthing the  en t i r e  e l ec t r i ca l  

ins ta l l a t ion  aa per local  regulations shz l l  be included in t h i s  item. 



If there are  no loca l  regulations, double earth1n.g of the 

complete system connected t o  a permanent earthing plate  buried 

in ground surrounded with C o a l  upto sub-soil water levzl  o r  up 

t o  suitable depth considered neceesary, depend~ng on ground 

conditions should be provided, 

- 
2 Cables 

Necessary length 01 copper o r  aluminium cables - PVC insulated 

from e lec t r l c  Supply Companies breal:er/netering point t o  the 

consumer's panel and then f r o m  switches t o  s t a r t e r s  and e ta r te r s  

t o  motors  should be Included. It may be deslrakle t o  name j o r  4 

good makes and contractor asked t o  provide a n .  of these. 

Detailed description of t h e  pumping eet including i ts  working and 

duty conditions having already been given in the  general deacriptIon 

pages .. t o  .. , only type of pump and dual duty eonditiona 

need be given. However, it w i l l  be helpful, if possible, t o  s t a t e  

matals f o r  Shaft and Impeller. I n  medium t o  large centrifugal p a p s ,  

it has become modern practice t o  provide Btainless s t e e l  shafts of 

generous diameter t o  provide a fac tor  of safety of 2.0. In raw water 

pumps with f a i r l y  high tu%bidity o r  where wear and tear is expectdd 

t o  be high, s ta in less  s t e e l  impellers ahould be provided. 

Fir fair conditions, bronze impellera w i l l  suf i ice.  Shefts 

should be provided with protective aleeves of bonze  o r  brasa 

wherever necessary. There a r e  varioua types of s tainlees 

s t e e l  and bronze sleevy, Composition of these a l loy  metals 

should be l e f t  t o  the manufacturers t o  adjust according t o  

t h e i r  detailed design requirement, h a p  casing should be 

of heavy c l o a e d - p i n  cast iron or semi-steel casting, The 
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Pump should be f i t t e d  with renewable bushes and 

wear- r ings .  Water passages in  impellere e t c .  should 

be f i l l e d  anii ecraped t o  pe r f ec t l y  smooth surfaces.  

Impellere must be e t a t i c a l l y  and dynamically balanced, 

A l l  pats should be designed t o  withstand ac t i on  of 

sand, o ther  s o l i d s  and abress ive  matter i n  water, 

5. Motors 

Motors shall be of robust  make, mounted on a comnon 

base p l a t e  ( e i t h e r  cast o r  of f ab r i ce t ed  m i l d  s t e e l ) .  

The following d e t a i l s  should i n v a r i a t l y  be given :- 

( i) Power a v a i l a b l e  : Su i t ab l e  f o r  power supply - 400 V. 
AC 3 Ph, 50 Cy. 

t C ont inuoue running type ,  screen 
protec ted ,  d r i p  proof with extended 
shaft f o r  t ak ing  a pul ley  t o  provfde 
a f l e x i b l e  coupling wi th  t h e  
pump t o  be driven, 

( i i i )  Clasa of Insulat ion:  Th is  should be given a f t e r  

etudy- t h e  working condi t ions  - I n  normal condi t ions  

c l a e e  'B' insu la t ion .  

( iv )  A shor t  desc r ip t ion  of e i t e  and duty condi t ions  

including ambient t e m p e r ~ t u r e  and a l t i t u d e ,  Fo r  

higher  a l t i t u d e  spec i a l l y  designed motore should 

(vi)  Whether tests w i l l  be requ i red  t o  be done a t  s i t e  

o r  whether nanufacturers  c e r t i f i c a t e  will euff ice.  

I n  former case t e s t s  requ i red  t o  be done should be 

spec if i e d  , 
( v i i )  Type of Rotor t Whether s q u i r r e l  ca%e o r  s l i p  rings. 

I n  l a t t e r c a s e  it may a l s o  be mentioned whether brush 



l i f t i n g  device is required, It i s  suggested 

tha t  f o r  motor8  above 250 H.P. brush l ift ing 

device may be deeired with short oircui t ing device 

and with meter locking eystem. 

( v i i i )  a )  Method of e tar t ing  t 

Maximum permissible tempereture r i se .  Iiormally 

4 0 ' ~  above ambient is coneidered auff icient. 

( ix)  If possible, fault c e r r y i q  capacity of the system 

t o  which motor i s  connected be given. 

( X) b.H,P,: Duty conditions of the pump having been 

described, a decision akout the  B.H.P. of t he  motor 

should be left t o  the  tenderer. It ma,. however be 

atated tha t  maximum power absorbed a t  the pump abaft 

should be between 80k and 9 6  of t he  B.H.P. of t he  

m o t o r  during the  entire range of  working of the  pump. 

( xi) Manufacturere must give a ce r t i f i ca t e  tha t  ro to rs  

a re  s t a t i ca l l y  and dynamically balanced. 

Regarding other aspects the  motor should conf o m  t o  

the relevant S r i  Lanka standard or Br i t i sh  standard. 

The supplier may be asked t o  furnish  follow^ 

1. Rated output. 

2, Efficiency of the  motor a t  following loads a 

Ful l  load 

3 0  P.F. of the  motor a t  follow- loads : 

Fu l l  load 
8 n 

3 t l  

+ n 



4. Kotor voltage and winding connections. 

5. Rotor current at rated output. 

Por guidance, following table  gives standzrd voltages 

and s izes  of motors recommended. 

Voltage Recommended Size i n  BP 
Flinlrmun Meximum 

SFngle Phase 
AC. 50 Cy 250 V - 2.5 

3 Phase AC. 
50 CY. 400 V 1 e0 350 

3 Phase AC 6,600 V 
50 Cy. or  

1 5,000 V 350 Aw HePe 

Squirrel  cage Induction motors being most simple and 

easy t o  maintain, as f a r  a s  possible and t o  the s i ze  

permitted by the loca l  e l ec t r i c i t y  authority, should be 

used. On tube wells,  motors with hollow shaf is  should 

be used on bore hole turbine p p s .  

6. Star tera  

Broadly, types of s t a r t e r  a r e  a s  under a 

1 . Direct on line 
2. S ta r  Delta 
3 ,  Aut o-transf ormer 
4. Rot or Resistance S t a r t  ere  

Use and se lec t  ion of s t a r t  era i s  linked up with a 

(a) S h e  and type of motor t o  be s t a r t ed  

(b) L h i t a t i o n s  imposed by loca l  e l ec t r i c i ty  authority. 

I n  submersible pumping s e t s  , because of technical  l imitat ions,  

generally only SQUIRiXL CAB6 induction motora a r e  used. 



Thus, use of direct  l i n e  s tar tere  is limited t o  very em11 

size motors .  S ta r te r s  pf type 2 and 3 above can normally be 

used on submersible pumping sets. Where wound rotor  motor  

i s  used, r o t o r  resistance s t a r t e r s  have t o  be used. Regardine 

other cases, e i ther  of the t w o  s t a r t e r s  i.e. S tar  Delta or  

Auto-transformer s t a r t e r  can be used. Between the two, with 

sclecsion of sui table tappings, it 1s possible t o  l i m i t  

s tar t in,  current t o  lower valves ky using Auto-transiormer 

s tar ter ,  As such, generally local e lec t r ic i ty  autiiorit les 

do not permit use of Star  Delta s t a r t e r s  teyond a pzrticuia 

size. 

Type of s t a r t e r  ahould, therefore, be decided keeping the  

above considerations i n  view. 

7. A l l  the ~ a u ~ e a  on suction and delivery s i t e  along with necessarj. 
s o w e r  tubirw. nipples, etc, 

Under t h i s  item water p re s~ure  gpuges of euitable range of  

dia. between 4" and 6" (10 t o  15 mm) shal l  be supplied. 

Pressure gauge on t h e  delivery side shal l  have a r a w e  6% t o  

7% higher than the  duty head. Pressure gauge on the suction 

side w i l l  have a suction gauge (if pressure is always negative) 

an ordinary pressure gauge ( i f  always positive) and a compound 

gauge of the pressure is sometimes positive and sonetimes 

negative. On the  suction aide, range should be vacuum 30" Hg. 

and on pressure s ide  same as on delivery side. It generally 

i e  convenient f o r  the  op ra tor  If both the gaugea are e 
installed a t  one place on the -11 on a polished teak wood or  

metallic board a t  height of about 5' from ground. Both the 

gaugea 8hould 'ice provided with copper conr~ection pipes of 

heavy gauge 6 mn i n  diameter. In case length of conrecting 
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plpe is t o o  long f o r  suc t ion  gauge, it could be provided and 

f i xed  at a c l o s e r  place. 

6. Reflux and S lu ice  V ~ l v e s  as per deecription/drawinp water 
meter/meterSne; e~uipment .  

Number and type of valves required should be assessed and 

described. B r i t i s h  s tandard provides two c l a s s e s  of s l u i c e  

valves Class I upto a pressure of 600 f t  .( 182.8m) end 

e l a s s  2 upto a pressure of 800f t  (243.8 m). Class of valvea 

may, t he re f  ore,  be chosen depending on pressure ex i s t i ng  in 

t h e  main. Valves wi th  f l anges  and handwheela ahould be used 

near  the  pumping plants .  Since s l u i c e  valves near  t n e  pump- 

set s are operated q u i t e  f requen t ly ,  on7y high q u a l i t y  valves 

should be used. It i s  advised that 3 o s  4 of t h e  bes t  makse 

m y  be mentioned i n  t h i s  item and t h e  t endere r  may quote  f o r  

any. Other d e t a i l s  should be as provisions of E.S. on 

a lu ioe  valves, 

9 . Water Meter/ Met erina E a u i m n t  

This  equipment should be s o  arrarqed t h a t  it is  poesible t o  

measure t h e  discharge of each pump ind iv idua l ly  and a l s o  t h e  

oombined dia6harge of a l l  o r  a group of pumpe. If a l l  pumps 

are not oovered by one metering equipment, more meters may 

be provided eo t h a t  no water is supplied unmeasured. Metering 

equipsnent could be of following type'. 

(a) F u l l  flow meter - Thia  may be used if flow is ranall. 

(b) V e n t u r i  Meter ( a l t e r n a t i v e l y  w i th  D a l l  Tube) w i t h  
ind iaa t ing  , recording and integrating arrangement - 
f o r  l a r g e  flows. 

(c)  If flows are l a rge ,  cheaper measurement of flow is poss ik le  
through Venturi  Pumes, 

Which arrangement 1s required &.all be c l e a r l y  s t a t ed ,  
.m.--l 



10, (a) Pipes ,  Tees, Bends, Taper and o the r  s p e c i a l s  
including chequered p l a t e s  etc .  as pe r  
dravina/ desc r ip t ion  

It i a  des i r ab l e  that a proposal in t h e  form of a 

drawing i s  furnished by t h e  Board along with t ende r  

documents t o  enable them t o  worh out lengths, s i z e s  

and q u a n t i t i e e  of var ious  it ems under t h i s  subhead.  

I n  ca se  preparat ion of d r a w i ~ g a  has not been possiLle 

due t o  unavoidable reasons, a l uc id  descr ip t ion  of 

t h e  layout  ahould be given so  t h a t  t h e  t endere r  may 

be able t o  estimate t h e  a c t u a l  requirement of these  

it ems , 

I n  ca se  a drawing has been prepared, lengths ,  numbers, 

and s i z e s  of straight f langed pipes and s i z e s ,  

de sc r ip t i on  and nwnbere of tees, bends and t ape r8  

etc. ahould be worked out and list furnished. The 

flrm a h a l l  quote fox t h e  same. 

The firm ahall, however, be a t  l i b e r t y  t o  suggest 

any o the r  layout  arrangement and in t h a t  c a se  shall 

quote f o r  such items which become necessary according 

to t h e  arrawernent suggested by it. While t h e  t o t a l  

c o s t  shall be f i l l e d  i n  Schedule I, de t a i l ed  coat  of 

each pipe length and each s p e c i a l  shall be quoted by 

him in a eeparate sheet  eupporting t h e  t o t a l  given 

i n  Schedule I,  

On t h e  suc t i on  aide, oa re  muat be taken t h a t  aldgnment 

of t h e  pipe line is such that t h e r e  a r e  no chances of 

any a i r  pocket being oreated. Wherever reducers  a r e  

required ,  thgy should be of accen t r l c  type. Refer 

figure on next page. 
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On t h e  suct ion s ide ,  flanged o r  screwed pipes  s h a l l  be 

used and not spigot  and socket type. Apart from above, 

a l l  guards under s a f e ty  a c t s  o r  requ i red  f o r  o ther  reasons,  

chequered p l a t e s  f o r  covering t renches  ca r ry ing  cable  , 
pipes etc. alongwith d r i p  pans and necessary piping f o r  

d i sposa l  of water e h a l l  be worked out and quoted lump 

sum under t h i a  item. 

10. ( b )  Foot Valve on Exhauster Se t  wi th  i tems 
f o r  a ~ p u r t  enant work - 

Under t h i s  i tem s tenderere  e h a l l  quote i tems f o r  required 

f o r  c h a r g h g  t h e  pumps, if required. If suct ion pipe is 

amall i n  diameter, foo t  valve may be supplied,  e l s e  a 

suitable motor driven exhauster s e t ,  complete wi th  pip- 

arrangement t o  make it a complete job ahould be quoted f o r ,  

Necessary mitch and w i r i n g  material w i l l  a l s o  be included 

in this i tem.  

11. (a) Tools as wr description 

( i) One set of D/B Spanners, stand- sizes of best make, 

( ii) One set of one ended spanners t o  f i t  i n  every size of 
bolts .  

(iii) One set of  box wrench - etandard size. 

( vi) Screw drivers 12", 8". 6", - 2 Roe. of each. 

( V) P l i e r s  - two l a rge  and two small. 

( vi) Hammers w i t h  handles - 2 lba,  and 1 -lb,each. 

( vi i )  P ipe  wrenches 24" , 18". 12" one ach. 

(v i i i )  Chain wrench 6" - 1 NO, 

I 1, ( b) Zif t ins: Tackle 

Type of l i f t ing  t a c k l e  whether ordinary l i f t i n g  pulley block 

o r  a t r a v e l l i n g  crane o r  of t h e  type necessary t o  lift the 
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heaviest  load in t h e  pump houae f o r  assisting in t ~ k l n g  

it out of t h e  pump house, s h a l l  be described in the tender 

s p e c i f i c a t i o n s  and quoted f o r  by t h e  tenderer .  Regarding 

t h e  capaci ty  of t h e  t ack l e  and maximum he igh t  of l i f t i n g  

required, may e i t h e r  be given by t h e  department o r  the  

f i r m s  may be asked t o  work out t h e  same and quote. F u l l  

d e t a i l s ,  e.g. make, capacity, lifting height etc.  of the  

equipment offered should be furnished by t h e  tenderer$. 

12. Spares  as per  descr ip t ion f o r  P mps, Motor and 
Switchaear. 

(a) For  Pumps - I n  case of r a w  water  pump one complete s e t  

of *otat ing assembly w i l l  be supplied apart from the 

following, However, i n  ca se  of c l e a r  water pumps only t h e  

fol lowing spares shall be supplied s - 
I, CEIJTRIFUGAL 

1. Impellers 2 Mos. 

2. Shaft wi th  key 1 No. 

3. Shaf t  Sleeves 1 set 

4, B4ar-s 1 set 

5. Nearing Rings 1 s e t  

6. Lock-nut 1 No. 

7. Gaeket t set 

8, Gland 7 s e t  

9 ,  Packing necessary f o r  one year. 

11, E m  H O D  m m  
I .  One complete s e t  of bowl assembly alongwith 

complete r o t a r y  assembly. 



2. Wne shaft  - 3 lengths  

3. Line shaft  couplin& - one l u l l  s e t  f o r  complete 
replacement, 

Shaft enclosing tube  - 3 lengths  

Colwm Pipe - 3 lengths  

Column Pipe Coupling - 3 Nos. 

Impellers  - 1 s e t  

Line shaf t  b e a r m  - 1 s e t  

Pack iw  f o r  one years requlrement. 

Top bowl bearin& - 1 eet  

Intermediete bowl bearing - 1 eet  

Submersible Ve r t i ca l  Turbine P u m ~ g  

F o r  mhmersible pumping s e t  it is advisable  t o  have a 

complete pump wi th  mot o r  as s p i r e ,  in c a s e  publ ic  water supply 

is from only one tubewell. I n  case, t h e r e  is another  

working tubewell i n  t h e  system, then  between the two, 

one pumping s e t  should be spare. In add i t i on  t h e  following 

spares f o r  pumps and motor may be had t -  

1. (a) Impellers  1 set 

(b) h.lmp Bhaf* 1 K O *  

E!. Sand c o l l a r  1 No. 

3* ( i o & 8 h w t b r u s t 1  '#%$ing) 

4. Pump mot or  coupling - 1 

5. Cable clamps - + set. 

6. Motor cab le  s p l i c e s  - s e t  

7. Cable terminals  - 1 s e t  

8. Terminal Box - 1 
9. Access hole  plug - 1 

10. Cable - i o r  one replacement. 



( b)  For  Motors (except Submersible Motors1 

c o i l s  ( including c o i l s  f o r  
r o t o r  i f  used) - l/'j eet 

2. Bearings 1 eet 

3. Brushes 3 e e t s  

4. Slip R i n g s  1 s e t  

(c )  For  Switch Gear 

1 . Fixed and moving con tac t s  3 e e t s  

2. Overload c o i l  

3. No v o l t  c o i l  

1 a& 

1 No. 

13. Drawir&s of MachirLery & Eauipment 

Upon aoceptance of t h e  tender  t h e  firm s h a l l  send f o u r  

sete each of r 

(a) Ddaeneioned drawiras f o r  the foundation which have 
t o  be prepared. 

(b) Dimensioned draw- of t h e  machinery and equipment 
c o n t ~ i n e d  in t h e  order  along wi th  complete set of 
o a t ~ l o ~ u e e -  and-txchnicsl literature conta in ing a l l  t h e  
informat ion regard- design, i n s t e l l a t i o n ,  operat ion  
and maintenance of the machinely and equipment being 
supplied and erected. 
6 8 t  of the above, if any, s h a l l  be quoted under t h i s  
item. I n  c a s e  these  are t o  be supplied, word 'I?=' 
may be menrt ioned. 

14. Paintinq_ 

Pa in t i ng  of t h e  whole i n s t e l l a t i o n  including pipes end 

va lvee  with 3 coa t  B of approved paints .  

15, Erect ion,  Commiasionlng and settin& t o  work of 
t h e  complete unit 

By and l a rge ,  punps a r e  r o  ust machines, and i f  i n s t a l l e d  

w e l l  and m a i n t ~ i n e d  properly, g ive  long t rouble-f ree  service.  



All t h e  machinery has t o  be i n s t a l l e d  wi th  t h e  beat workmanship. 

Except f o r  t h e  C i v l l  Ergkeel ing  works, t h i s  it em shall 

provide f o r  a l l  t h e  works, including a r r a w i n p  of t o o l s  and 

p k n t  required  for i n s t e l l i n g  t h e  pumping set. A l l  consumatle 

i tems l i k e  grease ,  lubr ica t i rg  o i l s ,  packinga, gaekets  etc.  

i tems l i k e  oil f o r  first fillm of o i l  circvit breakers, 

dengers p l a t e s ,  power k irmng eter t ing from t h e  inconing 

swi tch /c i rcu i t  bleaker etc. I n  shor t  t h i s  i e  a comprehensive 

i t e n  which includes supply of ell the above mzteriale.  

Carrying out t h e  n e c e s s s q  works e r ec t i ng  t h e  machinery and 

appurtenant equipment, c o m ~ i s s i n n i r g  and s e t t i n r  t h e  wLole 

t h i n g  f o r  r egu l a r  operztion. Lump sum amount shell be 

quoted f o r  t h e  whole work. 

16. Running t h e  i n & a l l a t i o n  f o r  30 days dur in t  which t h e  
f i r m  shall enploy i ts  own a t e f f .  

After the punping set has been comies ioned and put i n t o  

r e g u l a r  working, t h e  f i rm shall l a t ima te  t h i s  t o  t h e  Board 

and ads the Board t ne  da t e  from which 30 +,ye normal running 

of the plant  s h a l l  be stsrtcd. The Eoard s h a l l  arrange 

nornal  running of t h e  plant  within one week of having 

received t h e  information. If a longer per iod is taken by 

t h e  Board, t h e  fin;! s h a l l  be e n t i t l e d  t o  wages of wztchmen, 

if  engaged . 
During t h e  above period, t h e  firm shall engage its own staff 

f o r  t h e  running and maintenance of t h e  p l a n t ,  a l s o  provide 

f o r  a l l  o i l s ,  lubr ican t s  and consumble  s t o r e s ,  =ept 

e l e c t r i c i t y .  During this period, t h e  firm sha l l  also arrange 



f o r  t r a i n i n g  of t h e  a tn f f  on opera t ion and maintenance 

of the p lan t ,  i f  des i red  by t h e  Board, without any charge. 

Uhen t h i s  running period is corn- t o  end, t h e  firm shall 

in t imate  t h i s  pos i t l on  t o  t h e  board ann a s k  the Board t o  

depute i ts  r e p r e s e n t ~ t i v e  f o r  conducx i~g  of] i c i a l  t e s t  

of t h e  p lant  and t a k i n g i t  over. 

17. O f f i c i a l  Tes t  

On r ece ip t  of the atove in t imat ion,  Bwrd s h a l l  depute i ts  

represen ta t ive  t o  conduct t h e  off r c l a l  t e s t  of t h e  punping 

plant.  T h i s  t e s t  s h a l l  be conducted at f i e l d / s i t e  where 

i n s t a l l e a  and s h a l l  t e  the o f f i c i a l  t ~ a t  f o r  acceptence of 

the plant .  During t h e  test t h e  t echn ica l  r ep reeen t e t i ve  

of the firm shall a l a o  be present. Test shall be performed 

on t h e  ksis of Schedule 11. 



SCHEDULE 1 

Signature of Firm's Off~c~al /Cont rac tor  

S.No. - 

1 

1. 
2.(a) 

(b) 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

104,) 
(b) 

Il.(a) 
(b) 

12. 

13. 
14. 
15. 

16. 

17. 

Total in words 

D e s c r ~ p t ~ o n  of Item 

2 

Prov~s~ona l  Sum 
Electrical S w ~ t c h  Gear 
Earthlnp b la te r~al  
Cables 
Pumps 
Motors 
Star ter  
Gauges 
Walves 
Water Meter/ hktermg 
Equ~pment 
P ~ p e s  and spec~als  
Foot Valve or exhauster 
=et 
7001s 
L ~ f t l n p  Tackle 
Spares for Pumps, 
Motor and S w ~ t c h  Gear 
Drawlngs 
'Palntlng 
Erect~on,  Cornrn~suon- 
Ing and settlng t o  work 
Runnlng the ~nstal la-  
tlon 
Off lclal Test 

TOTAL 
I 

U n ~ t  

4 

O u a n t ~ t y  
or 

Number 
3 

Rate 

5 

Amount 

6 

i 



SCHEDULE - 11 
Schedule for Guaranteed Perf amance of Pumpln~ Set 
Length of Air Llne 

NOTES 

1. While taking observations d ~ f f e r e n t  Heads/Discharges may be obtained by operattng i h e  sluice valve on dellvery side. 

2. In above cha r t  No. 3 may be  duty point and 1.2 and 4.5 should be  below and above t he  duty point. 

Remarld 

rn 

Pump 
Efflci- 
ency  

I 

Overall 
E f f i c ~ e -  
ncy of 
P u m p ~ n g  
S e t  

I 

Manufac 
tu re rs  
Motor Ef! 
-1ciency 

k 

Water 
Horse 
Power 
f rom f 
and g 

h 

Discharge 
of t h e  
Pump Per  
M ~ n u t e  

R 

Kilowatt 
Input to 
Motor 

I 

Total  
Head 

f 

Approxi - 
mate  
F r i c t ~ o n a l  
losses in 
Pump 
Rising 
main 

e 

Height of 
Pressure 
gau?e 
hbove Dep 
-th gauge 

d 

\Yater Level 
below ground 

c 

S. 
No. 

1. 

2. 

3. 

4. 

5. 

Pressure  
gauge 
R e a d ~ n g  

a 

Depth 
gauge 
Reading 

b 












