
LIBRARY 

INTERNATIONAL REFERENCE CENTS* 
F 0 * COMMUNITY WATER 3 ^ ^ 
^"•r.'JTATIGA, UK^i 

MINISTRY OF LOCAL GOVERNMENT, HOUSING AND CONSTRUCTION 

W f l i l i ^ i WATER SUPPLY AMD DRAINAGE BOARD 

SRI L A N K A 

2 0 1 

8 9 U R 

•4 

^ 

CONTINUATION 
OF 

DESIGN MANUAL D2 

ANNEX, ^ ; -

CONVERSION FACTORS^ USEFUL DATA 

ATER SUPPLY AND SANITATION SECTOR PROJECT 

(USAID SRI LANKA PROJECT 383-0088) 

j2ol-09*fefl-



ANNEX - A 

CONVERSION FACTORS a USEFUL DATA 

I •'• 



CONVERSION FACTORS 8 USEFUL DATA 

ANNEX - A 

Metric to Br i t i sh Units Br i t i sh to Metric Units 

L e n g t h : 

Lin = 39.37 in 
lm = 3.2808 ft 
lin = 1 .0936 yd 

1 km = 0.6214 mile 

1 in = 25.40 mm 
1 ft = 0.3048 m 

1 y d = 0.91440 m 
1 mi le = 1.60034 km 

Note: In nominal sizing 300 mm is taken as equivalent to 1 ft and 25 mm as equivalent to 1 in. 

lmm2 = 0.001550 in2 

1 m2 = 10.764 ft2 

1 m2= 1.196 yd2 

1 ha = 2.471 acres 
l.km2 = 0. 386 square 

Notes: 

mile 1 

1 in2 = 
1 ft2 = 
1 yd2 = 

1 acre = 
square mile = 

645.16 
0.0929 
0.8361 
0.4047 
2.5900 

mm 
m2 

m2 

ha 
km2 

1 km2 = 100 ha (hac t a r e s ) and 1 ha = 10,000 m2 

1 square mile = 640 ac res and 1 acre = 4840 yd 2 

Vulume: 
fclm3 = 35.314 ft3 

^ l m 3 = 1.3079 yd-' 
lm3 = 219.97 gal lons* 

1 l i t r e = 0.21997 gallon 

1 MI 

Notes 

Mass: 

0.21997 ME 

1 ft3 = 0.02832 in3 

1 ft3 = 28.32 l i t r e s 
1 yd3= 0.76456 m3 

1 gallon = 4.546 l i t r e s 
1 US gallon= 3.785 l i t r e s 

1 Mg = 4.546 x 103 mJ 4.546 Ml 

1 in3 = 1000 1 ( l i t r e s ) and 1 Ml = 1000 m3 

1 US gallon = 0.83267 gallon: also 1 ft3 = 6.2288 gallon 

1 kg= 2.2046 lb 
50 kg = 0.9842 cwt 

1 Mg= 19.684 cwt 
1 tonne = 0.9842 tun 

1 oz = 28.3495 g 
1 lb = 0.45359 kg 

1 cwt = 50.802 kg 
1 ton = 1.01605 Mg 

Pressure: 

lmH^O = 1.422 lb / in 2 

1 kgf/cm2 = 14.223 Jb/ in 2 

IN/ in in2 = 145.038 l b / i n 2 

1 ft H20 = 0.03048 kgf/cm2 

= 0.002989 N/mm2 

1 l b / i n 2 = 0.0703 kgf/cm2 

= 0.006895 N/mm2 

Notes : 1 N/mm2 = 10.197 kgf/cm2 , 1 kgf/cm2 = 10 metres head of wa te r , and 
1 bar = 10.197 metres head of water 
1 lb / in 2 = 2.3067 ft head of water 
1 I'a (Pascal) = 1 N/rn2 

Density: 

1 kg/in3 = 0.06243 lb / f t 3 

"Flow Rates: 

1 ni ' /s = 35.31 f t 3 / s 
1 ni ' / s = 19.00 mgd 

1 l i t re/r i = 13.20 gpm = 0.019 mgd 

1 lb / f t 3 = 16.0185 kg/m3 

1 ft-Vs = 0.0283 in ' / s 
1 mgd = 0.05262 m J / s 
1 gpm = 0.0758 l i t r e / s 

Notes : mgd = million^ gallons pe r day ; gpm = gallons per minute 
l m 3 / s = 86.4 x 103 m3 /d = 86.4 Ml/d 
1 f t 3 / s = 86400ft3/d = 0.53817 mgd 

Hydrological uni ts : 

1 l i t r e / s per km2 = 0.09146 f t 3 / s per 1000 acres 1 f t 3 / s pe r 1000 ac res = 6.997 l i t r e s / p e r km2 

1 mm rainfal l per km2 1 f t 3 / s pe r squa re mile 
= 1000 m3 • ! r '. i-.<-'-: : • • -••[•• = ; 10; 993 l i t r e s / s per km3 

= 0.220 Mg 1 in ra infa l l p e r square mile - 65786 m3 

* Gallons a re Imperial (Br i t i sh ) unless shown as US Gallons 
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Hll ra l iwn rat i ' : 

Note : 100 gallons per ft2 per hour = 117.44m3 p e r m2 per day 
= 4.89 m/h 
= 1.36 mm/s 

Puwer: 

1 joule (J ) = 0.73756 ft lb 
1 kW = 1.3410 hp 

1 horsepower (hp) = 0.74570 kW 

Notes: U / s = 1 watt (W) 
1 Ml/d of water r a i sed through 8.81 m = 1 kW (at 100% efficiency) 
1 hp = 550 ft l b / s 

Source : Twor t , Water Supply ( Ref. 25 ) 

Useful Data: 

Density of water at 10°C 
20°C 
30°C 
40°C 

0.99970 g/cm3 

0.99821 
0.99565 
0.99222 

Accelerat ion due to g r a v i t y , g 

at 45° l a t i t u d e , sea level 

for Sri Lanka, at 7° l a t i t u d e , sea leve l 
- do - 500 m e leva t ion 
- do - 1000 m e levat ion 
- do - 1500 m e leva t ion 
- do - 2000 m e levat ion 

9.80616 m/s2 

9.78121 
9.77967 
9.77812 
9.77658 
9.77504 
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ASS'EX' B 

P.R ( T ( S H S T A N D AR DS F O R BU I LDi NG 

AND 

C I V I L E N G I N E E R I W 6 

Note: kefer ence to these aav he made at the Sri Lanka Standards 
Institution Library, Galle Road, Colonbo 4. 

B. 1 Codes of Pract ice 

CP 3: Chapter i fi: 1972 
Sound insulation and noise reduction 

CP 3: Chapter V: Part 2: 1972 
Wind loads (withdrawn, replaced by BS 6399: Part: 1984) 

OP 3.01: 1972 
Foundations and substructures for 
non-industrial buildings at not aore 
than tour storeys 

CP 102: 1973 
Protection oi buildings against 
water froa the ground 

CP 3 10: 
The structural use of concrete (withdrawn, replaced by bS 6110: 1985) 

CP 110: Part 1: 1972 
Design, materials and workmanship - do -

CP 110: Part 2: 1972 
Design c h a r t s to r s ing ly r e in fo rced - do -
beans doubly re in forced beans arid 
r e c t a n g u l a r e.olunns 

CP 110: Par t 3: 1.972 
Design charts for circular coluons and - do -

prestressed ooaos 

CP 111: 1970 

Structural r• .-••.•ono'-Tidat ions for 

loadb-'-at r.r . al i s 

CP 11": :9<V 

Structural u-» •' of rei: r. oreed concrete — do — 

in bu i id • (i;.s 
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OP 115: 196'/ 
Si r u c i ur . i l >\i<>: ol pt f s l i - e s sed c o n c r e t e - do -
lit bu i Id i figs 

CI' 116: )9h'> 
The s i i u c i u i .1 i. u s e oi p r e c a s t c o n c r e t e - do — 

OF 117: Part i 19*>5 
Sinp i v- si.it;|!«t t •-.! !•>-•.-.,ns in building 

CP 1.17: Pari 2: 1967 
Beans lor bridges 

CP 121: Par*. 1 : j97.'.> 
Brick and block tiasom v (withdrawn, replaced by BS 5390: 1976) 

CP 301: 1971 
Bui iding drainage 

CP 310: 1965 
Water supply (w iihdr awn, replaced by BS 6700: 1967) 

CP 312: 1973 
Plasties pipework (3 par is> 

CP 326: 1965 
The protection of structures against lightning 

CP 1013: 1965 
Larthing 

CP 2004: 1972 
Foundations <withdiawn, replaced by BS 6004: 1986) 

CP 2005: 1968 
Sewerage 

CP 2010: 
Pipelines 

CP 2010: Pari 1: 1966 
Installation ot pipelines in land 

CP 2010: Pari 2: 1970 
Design and construction of s+<?ei pipelines 
in land 

CP 2010 : Par i 3 : 1972 
Design a i d c o n s t r u c t ion o i it on p i p e l i n e s ( w i t h d r a w n . te.>l. ' ic^l by BS 8010 : 
in l .rxi S e c t i o n 2 . 1 : i 9.'j7) 

CP 2<<U : Pari A: .1972 
Des ign a>rl const,t >.ci ion o i a r b e s ' o s eeneri ' 
p i p e l i n e : i rt I and 

CP 20 !(•: ; ' a r i 5 : 1974 
Design and c o n s t r u c t i o n oi pi e s t ressed 
c o n c r e t e - ' resrsure p i p e l i n e s in land 
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B.2 Standards 

^t^ri^i2_^L^_!^2L^5^L>5L,iL)_Standard2 

BS 12: 1978 
Specification for ordinary and 
rapid hardenirig Portland cenent 

BS 76: 1974 
Tars tor road purposes 

BS 340: 1979 
Specification for precast concrete 
kerbs, channels, edgings and quadrants 

BS .366: 1971 
Precast concrete flags 

BS 449: 
The use of structural, steel in building 

BS 449: Part 2: 1969 
^ ^ Metric units 

BS 812: 
Methods for saapling arKJ testing of 
nineral aggregates, sands and filters 

BS 612: Part 1: 1974 
Sanpling size, shape and classification 

BS 612: Part 2: 1975 
Physical properties 

BS 812: Part 3: 1975 
Mechan icaI properti es 

BS 812: Part 4: 1976 
Cheo ica1 properti es 

BS 812: Part 101: 1964 
^ ^ Guide to saapling and testing aggregates 

BS 812: Part 102: 1964 
Methods for saiapling " ~ -=r~r-r~ 

BS 882: 1983 
Specification for aggregates fron 
natural sources for concrete 

BS 90 \: (63 p ; , r t s ) 
Methods of t e s t itig vulcanized rubber 
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BS 1194: 1969 

Concrete forous pipes for utvler-di ainage 

BS 1198: 1199: 1200: 1976 
Building sands fron natural sources 

BS 1243: 1976 
Specification for raetal ties for cavity wall 
construct ion 

BS 1247: 1975 
Manhole step irons 

BS 1305: 1974 
Batch type concrete nixers 

BS 1661: 
Methods of testing concrete 

BS 1661: Part 1: 1970 
Methods of saupling fresh concrete 

BS 1861: Part 3: 1970 
Methods of naking and curing test 
specimens 

BS 1661: Part 5: 1970 
Methods of testing hardened concrete for 
other than strength 

BS 1661: Part 6: 1971 
Analysis of hardened concrete 

BS 1861: Part 101: 1963 
Method of sanpling fresh concrete on site 

BS 1681: Part 102: 1963 
Method of determination of sluap 

*BS 1661: 103: 1983 
Method of determination of compacting factor 

BS 1661: 104: 1983 
Method of deteroination of V'ebe tine 

BS 1881: 105: 1984 
Method of determination of flow 

BS 1881: 106: 1983 
Method for determination oi air content 
>f fresh concrete 
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BS 1681: 1.07: 1983 
Method of determination of density of 
coopî c-hed fresh concrete 

BS 1881: 108: 1983 
Method for Baking test cubes iron 
fresh concrete 

BS 1881: 109: 1963 
Method for making test beans from fresh 
concrete 

BS 1881: 110: 1983 
Methods for making test cylirtders 
from fresh concrete 

BS 1681: 111: 1983 
Method of normal curing of test 
specimens <20°C method) 

BS 1881: 112: 1983 
Methods of accelerated curing of 
test cubes 

BS 1881: 113: 1963 
Method for Baking and curing no-fines 
test cubes 

BS 1681: 114: 1983 
Methods for determination of density of 
hardened concrete 

BS 1661: 115: 1963 
Specification for compression testing 
machines for concrete 

BS 1881: 116: 1963 
Method for deternination of compressive 
strength of concrete cubes 

BS 1881: 117: 1983 
Method for determination of tensile splitting 
strength 

BS 1881: 116: 1983 
Method for deteraination of flexural strength 

BS 1681: 119: 1963 
Method for deternination of compressive 
strength using portions of beans broken in 
• iexure (equivalent cube nethod) 

BS 1661: 120: 1983 
Method for determination >f the compressive 
strength of concrete cor<.-.s 
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BS 1861: 121: 1983 
Method for deternination of static modulus 
of elasticity in compression 

BS 1661: 122: 1963 
Method for deterni nation oi water-
absorption 

BS 3148: I960 
Methods of test for water for staking concrete 
(including notes on the suitability of the water) 

BS 3660: 
Methods of neasureraent of liquid flow in open channels (31 parts) 

BS 4346: Part 3: 1982 
Specification for solvent ceraent 

BS 4449: 1978 (1984) 
; Specification for hot roller! steel bars for the 

reinforcement of concrete 

•
BS 4461: 1968 (1984) 
Specification for cold worked steel bars 
for the reinforce«ent of concrete 

BS 4466: 1981 
Specification for bending dimensions and 
scheduling of reinforcenent for concrete 

BS 4462: 1969 
Hard drawn nild steel wire for the 
reinforcenent of concrete 

BS 4483: 1969 
Steel fabric for the reinforcenent of concrete 

BS 4486: 1980 
Specification for hot rolled 
ar»d processed high tensile alloy steel bars 
for the prestressing of concrete 

9 BS 5328: 1981 
Methods for specifying concrete, including 
ready—nixed concrete 

BS 5337: 1976 
Code of practice for the structural use of 
concrete for retaining aqueous liquids 

BS 5390: 1976 (1974.-
Code of Pr act ice for Stony Masonry 
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BS 5493: 1977 
Code ol practice for protective coatirig 
of iron and steel structures against corrosion 
(formerly CP 2008) 

'BS 5628: 1978 
Code of practice for the use of masonry 
(3 Parts) 

BS 5726: Part 1: 1979 (1967) 
Specification for single oeters 

BS 5834 
Surface boxes and guards for underground 
stopvalves for gas and waterworks purposes 

BS 5834: Part 1: 1960 
Specification for guards 

BS 5634: Part 2: 1983 
Specification for small surface boxes 

BS 59.30: 1981 
Code of practice for site investigations 
(formerly CP 2001) 

BS 6031: 1981 
Code of practice for earthworks 
(Formerly CP 2003) 

BS 6073: 
Precast concrete masonry units 

BS 6073: Part 1: 1961 
Specification for precast concrete 
masonry units 

BS 6073: Part. 2: 1981 
Method for specifying precast concrete 
masonry units 

BS 6069: 1981 
Guide to the assessment of concrete 
strength in existing structures 

BS 6093: 1981 
Code of practice for the design of joints 
and jointing in building construction 

BS 6316: 1983 
Code of practice for test pumping water veils 

BS 6399: Part 1: 1984 
Code of practice tor dead and imposed 
loads (formerly CP 3: Chapter V: Part 2) 
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BS 6700: 1966 
Design, installation, testing and maintenance of 
services supplying water for domestic use 
within buildings and their curtilages 

BS 8110: 1965 
Structural use of concrete: 
Part 1: Code of practice for design and construction 

B.3 Pipes 

BS 65: 1961 
Specification for vitrified clay pipes, 
fittings and joints 

BS 460: 1961 
Cast iron rainwater goods 

BS 466: 1981 
Specification for asbestos—ceoent pressure 
pipes and joints 

™ BS 534: 1981 
Specification for steel pipes and 
specials for water and sewage 

BS 1972: 1967 
Polythene pipe (Type 32) for cold water 
services 

BS 2871: Part 1 
Copper and alloy tubes for water, gas and sanitation 

BS 3284: 1967 
Polythene pipe (Type 50) for cold water services 

BS 3505: 1968 
Unplasticized PVC pipe for cold water services 

BS 4515: 1984 

•
Specification for process of welding of steel 
pipelines onland and offshore 

BS 4625: 
Specification for prestressed concrete pipe 

BS 4772: 1980 
Specification for ductile iron pipes and 
fittings 

BS 5480: 
Specification for glass reinforced plastics 
(GRP) pipes and fittings for use for water 
supply <tr*fl sewerage 
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BS 5911 
Precast concrete pipes ar*l fittings tor 
drainage and sewerage 

BS 5911: Part 1: 1981 
Spec- i f icat ion for concrete cylindrical pipes, 
bends, junctions an<rJ manholes, unreinforoed 
or reinforced with steel cages or hoops 

BS 5911: Part 2: 1962 
Specification for inspection chambers and gullies 

BS 5911: Part 3: 1982 
Specification for ogee jointed concrete pipes, 
bends and junctions, unreinforced or reinforced 
with steel cages or hoops 

BS 5927: 1980 
Guide for laying asbestos—ceoent pipelines 

BS 6572: 1985 
Specification for blue polyethylene pipe for 
cold potable water services 

BS 8010: Section 2: 1987 
Design and installation of ductile iron pipelines 

B.4 Valves 

BS 51.50: 1974 
Cast iron wedge arKl double disk gate 
valves for general purposes 

BS 5151: 1974 (1983) 
Cast iron gate (parallel slide) valves for 
general purposes 

BS 5152: 1974 (1983) 
Cast iron globe and globe stop arKl check 
valves for general purposes 

BS 5153: 1974 (198-3) 
Cast iron check valves for general purposes 

BS 5154: 1983 
Copper alloy globe, globe stop and check, check 
and gate valves for general purposes 

BS 5155: 1984 
Specification for butterfly \a Ives 

BS 5156: 1974 
Screw down diaphraga valves for general purposes 

BS 5157: 197G 
Steel gate (parallel side) valves for general 
purposes 
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BS 5156: 1974 
Cast, iron and carbon steel plug valves 
tor general purposes 

BS 5159: 1974 
Cast, iron and carbon steel ball valves for 
general purposes 

BS 5160: 1977 
Specification for flanged steel globe 
valves, globe stop and check valves ' 
for general purposes 

BS 5163: 1974 
Double flanged cast iron wedge gate valves 
for waterworks purposes 
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ANNEX - C 

CALCULATIONS FOR POPULATION, WATER DEMAND 6 DISTRIBUTION SYSTEM 

(Tables C - l to C-3 ) 

The following procedures should be adop ted , for small communities (see Section 8 .1 .3 for l a rge r 
schemes) : — 

1. Prepare a ske tch plan showing the general layout of the water d i s t r i b u t i o n a r e a . Location 
of s t r e e t s , p a t h s , i n s t i tu t ions , bazaar area and o t h e r sa l ient features should be shown. 

2. Superimpose on the layout plan, a d i s t r i bu t ion ske le ton marking numerical ly a l l junctions 
and ends of l i ne s . Ground e levat ions at junctions and ends of l ines and at in te rmedia te 
points should be shown on the ske tch map. Locate the proposed s torage s i t e . 

3 . Table C-l - Population d i s t r i bu t ion survey da ta : 

Prepare an inventory of the ex i s t ing number and locat ion of houses , s h o p s , i n s t i tu t ions , 
and o ther water u s e r s . The data should be col lec ted in increments of 150 m length. 
Inst i tut ions and other use rs should be desc r ibed in the remarks column in sufficient de ta i l 
to e s t a b l i s h t h e i r water demands. House connection and s tandpost locations should be 
ascer ta ined and shown in th i s s u r v e y . 

4. Table C-2 . Population and water demand calcula t ion: 

Use the population data in Table c - l and ca lcula te the water demands for different c a t e 
gories of u s e r s . The population increase computed in t h i s Table wil l be used in the 
following s t e p . 

5. Table C-3 - Distr ibut ion piping calculat ion: 

Tabulate the population (P) for each sect ion of d i s t r i b u t i o n l ine in 300 m lengths (L) 
by mult iplying the number of houses by 6 persons per house (or o the r value as a p p r o p r i a t e ) . 

6. Distr ibut ion of the expected populat ion increase (ca lcu la ted in - Table C-2 ) is made in 
the following manner: 

2 
a. Calculate the L / P factor for each l eng th , L. 

2 «r— 2 ' 
b . Add up the L / P factors to obtain ^ L / P . 

2 
c . Multiply the expec ted populat ion increase by L / P to obtain the population 

increase for each length L. >r* 2 51 LV 2 
Care must be used in applying the L / P factor in small ru ra l schemes where i t is unl ikely 
that the population will increase adjacent to c e m e t e r i e s , t emples , c h u r c h e s , paddy f i e ld s , 
inst i tut ional l ands , s teep embankments and o the r dif f icul t or unsui table s i t e s . Population 
increases should be only app l i ed to a reas where t he re i s the l ike l ihood of growth . 

7. The average water demand columns a re p repa red b y : 

a. Multiplying the average domestic pe r capi ta consumption from Table 
C-2 by the design populat ion to obta in the domestic demand. 

b . For ho t e l s , s h o p s , ins t i tu t ions and o the r demands, the present water 
demand i s used unless t he r e i s an expec ted inc rease . 

8. Peak demand i s calculated by mult iplying the average domest ic , h o t e l s , and shop demands 
by peaking factor . Peaking factors a re not app l i ed to ins t i tu t ions and o the r use rs which 
have s torage t anks . 

' • ^ " " n M l l T S t i v e peak fl'o'w"'ig^CffttlfJuted"'Ba'sefl-'oft ' t h e " p e a k draw""off 'at t he 'end ' 'of each ' length . 
A tenta t ive p ipe s ize is se lec ted based on p ipe ve loc i ty of 0.6 - 0.9 m/s and the head loss 
factor read from the Hazen-Williams c h a r t . The head los s for the length is then ca lcu la ted . 

10. In the case of a scheme with a ground r e s e r v o i r , the proposed lowest water level is 
f i rs t e s t a b l i s h e d , and s ta r t ing from the r e s e r v o i r , the d i s t r i b u t i o n system i s s ized for 
the sect ion and at o ther c r i t i c a l points in the sect ion to e s t a b l i s h accep tab le operat ing 
heads . 

11. This t r ia l and e r r o r approach will r e q u i r e adjustment in the p ipe s izes to a r r i v e at the 
final d i s t r i bu t ion sys tem. Where the res idua l p r e s s u r e i s too h igh , a break p r e s su re 
tank or o ther p r e s su re reducing device would be r e q u i r e d . 

12. In the case of flat a reas where an e leva ted water tower i s used, the sizing of the p ipes 
would s t a r t from the f a r thes t "end of .the d i s t r i b u t i o n and work towards the tank. To mini
mize height of the water tower, p ipe s izes a re chosen such that the fr ict ion losses a r e 
reduced . ( r.r..i;\, i:• 'I <> ;.: - : 
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TABLE - C.2 

POPULATION 8 WATER DEMAND CALCULATION 

I. POPULATION 

1. Population in l'J 
2. Assumed population increase 

3. Designed population in 19 

II. WATER DEMAND 

A. Domestic 

1. Population suppl ied by standpost 

2. Population suppl ied by house connection 
3. Average domestic consumption 
4. Domestic water demand 

Total Domestic Demand 

B. Commercial 

Population increase 

% @ 1/d/capita 
% @ 1/d/cap 
%) ( l /d/cap)-f ( %) ( 
. . persons x 1/d/cap = . 

m3/d 

1/d/cap) 
. . . 1/d 

.1 /d /cap 

No. Type of Establishment Consumptive Rate Demand 

C. Institutional 

Type of Establishment No. of Users 

Total Commercial 

Consumptive Rate Demand 

m3/d 

Total Institutional in-Vd 

I). Other 

Type of Demand Demand 

Total o ther m J /d 

E Summary of Total Daily Demand 

a. Domestic 

b . Commercial 

c. Institutional 

d. Other 

Total Daily Demand 

m3/d 

m3/d 

Prepared by 

Checked by 

Date 

Date 
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TABLE C.4 

DISTRICT ANNUAL POPULATION GROWTH RATES (2.) 1991 - 2011 

0 i s I: r i c t / P r o v i rn 

Co lorn bo 
Gampaha 
Kalutara 

1 1991-2001 

! 1.41 
! 1.41 
! 1 . 29 

1 20 

! 

01-2011 

1 . 35 
1. 36 
1 22 

W. Province 1.38 1.32 

Kandy 
Matale 
Nuwara Eliva 

0.92 
1.45 
0.91 

1.01 
1.41 
1. (34 

C. Province 1.02 1.09 

Galle 
Matara 
Hainbantota 

0.92 
0.78 
1.92 

0.94 
0.84 
1.66 

S. Province 1 . 13 1. 11 

Jaffna 
Mannar 
Vavuniya 
Mulla it ivu 

1.20 
2. 17 
3.07 
3.51 

1.04 
2.37 
2.47 
3.40 

N. Province 1.71 1.61 

Batticaloa 
Ampara 
Tr incoma lee 

2. 14 
2.00 
1.83 

1.7.< 

E. Province 2.00 1.7J 

Kurunegala 
Puttalam 

1.54 
2. 35 

1 . 30 
1.99 

N,W. Prov i nee 1,80 1 . 53 

Anuradhapura 
Po1onnaruwa 

2. 10 
2.71 

1.83 
2.00 

N.C. Province 2.30 1.89 

L 

Badulla 
Moneragala 

Uva Pre-vi nee 

Ratnapura 
Kegalle 

0 . 8 2 
2 . 13 

1. 29 

1 . 25 
0 .76 

Sabaragamuwa Prov i n e e 1 . 03 

S r i Lanka 1 . 4 6 
_L 

0 . 8 5 
1 . 7 1 

1. 19 

1 .21 
0 . 7 9 

1 . 0 3 

1 . 3 7 

S o u r c e : A l l I s l a n d P o p u l a t i o n P r o j e c t i o n s , Medium V a r i a n t , 
Department o f C e n s u s and . S t a t i s t i c s , Culunibo. 5 of 8 
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ANNEX - D 

AVERAGE BILLING RATE 

Table D . l NWSDB TARIFF (June 1988) 

D.2 THEORETICAL AVERAGE BILLING RATES 

Fig. D . l NWSDB DOMESTIC TARIFF 

D.2 SUGGESTED GUIDELINES FOR SELECTION OF AVERAGE 
BILLING RATE 

D.3 CONSUMPTION PATTERN 



ANNEX D 

AVERAGE BILLING RATE 

The average billing rate (ABR) for donestic consumption in a water scheme 
i s a useful staf ist ic for p» o j«: I i t ig the future revenues from water 
sdi>TO.-:>, and in .assessing f>eop 1 es' ability to pay tor water. 

It is defined as: 

ABR ( R S / K T ) = Total_d2nv-stic_b2_lli_na_(_Rsl 

Total domestic consumption (n ) 

over a specified tine period, usually 1 nonth. 

Whereas the ABR for non—domestic consumption will remain constant due to 
the fives.) tariff (Rs.0,8 for sfandpost, Rs.5.5 for goverrinerit/coraraercial, 
Rs.9 tor industrial, etc.), the ABR tor domestic consuaption varies due to 
the variable tariff which depends on the amount of nonthly consumption 

(See Table D.l and Figure D.l). 

Because of this stepped domestic tariff, it is not correct to project 
future revenues from the basis of average design consuapt ion, which has 
been the VWSDB practice in the past. This method would only be correct if 
all households consumed exactly the average amount, leading to an 
infinitely narrow consumption pattern (see A, Fig.D.2). These 
'theoretical' average billing rates can be calculated depending on the 
number- of persons per house and per capita consumption, and examples are 
shown in Table D,2, 

o 
e.g. A household of 5 persons at 1.60 lpod would use 24,33 nJ/nonth. 

Therefore, theoretical average is = Rs.23.00 

and theoretical average billing rate is 23.00/24.33 = 0.95 Rs/n 3 

In actual practice, consumption patterns differ scheme by scheme and in 

most cases are fairly broad, with a proportion of households'in each 

consumption range, i.e. 0-10 m 3, 11-20 m 3, 21-30 a 3, etc. The wider 

the distribution (spreads, the higher will be the average billing rate. 

This is due to the effect of the skew tariff, (see Figure D.3). 

The effect of this consumption distribution on ABR is shown in Figure 

D.2. The lower range of values corresponds to the theoretical narrow 

distributions, whereas the higher range shows the effect of wide 

consurapfion d i str ibut ions. 

Tor a realistic ;>t ejection of domestic revenues it is recoonended that a 

mi-idle range v.«lu * •• t ABR be a- sum<\*d. 

• .,;.',. In th - ••-:.ample abo •.•: 

Average coiisic-1 ion = 24.33 
Assumed re.ilis ' . ic ABR i t ora graph = 5.3 Rs/n3 

Increase over iheoretical ABR = 1.3/0.95 = 1.37 tines. 

^;lJL'l'i'J5i2!J: The :'-alise«l projected domestic revenue would in t h i s case 
!>•-- 37V. nor • than theoret ical revenue by this Method. 



T a b l e D . l 

N'WSDB TARIFF ( June 1988) 

CUSTOMER 
CATEGORY 

10 

51 

60 

70 

71 

72 

73 

80 

81 

DESCRIPTION 

Domestic, house connections 

1 - 1 0 m3/month 
11 - 20 m3/month 
21 - 30 m2/month 

> 30 m3/month 

Standpos ts 

Government 

Commercial 

Tour is t Hotels ( reduced from 15.00 
as of March 1988) 

Shipping 

Indus t r i e s 

P r i v a t e Schools 

Govt. Schools 

Religious and Govt, a p p r o v e d ' Char i ty 

TARIFF 
Rs . /m 3 

Free 
1.00 
3.00 
5.50 

0.80 

5.50 

5.50 

9.00 

15.00 

9.00 

Domestic Rate 

Domestic Rate 
with 100% 
r e b a t e . 

Domestic Rate 
with 90% 
r e b a t e . 



T a b l e D.2 

THEORETICAL AVERAGE BILLING RATES 

Persons / 
house 

5 

5.5 

* 6 

Per Capita CosuT.ption 
( L / d a y ) 

Av. Consumption(m3/mo) 
Theore t i ca l Av. Bil l 

(Rs . ) 
Av. Bil l ing Rate(Rs/m 3 ) 

Av. Consumption(m3/mo) 
Theore t i ca l Av. Bil l 

(Rs . ) 
Av. Bil l ing Rate(Rs/m 3 ) 

Av. Consumption(m3 /mo) 
Theore t i ca l Av. Bil l 

(Rs . ) 
Av. Bil l ing Rate(Rs/mo) 

120.00 

18.25 

8.25 

0.45 

20.08 

10.22 

0.51 

21.90 

15.70 

0.72 

140.00 

21.29 

13.88 
0.65 

23.42 

20.26 

0.87 

25.55 

26.65 

1.04 

160.00 

24.33 

23.00 

0.95 

26.77 

30.30 

1.13 

29.20 

37.60 

1.29 

180.00 

27.38 

32.13 

1.17 

30.11 

40.62 

1.35 

32.85 

55.68 

1.69 

185.00 

28.14 

34.42 
1.22 

30.95 

45.23 

1.46 

33.77 

60.74 

1.80 
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ANNEX - E 

SAMPLE OF GUMBEL PROBABILITY PAPER 

a OTHER LOG PAPERS 
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ANNEX - F 

RAINFALL INTENSITY 

DURATION-FREQUENCY CURVES FOR SRI LANKA 

FIG. F . l RAINFALL INTENSITY - DURATION 
RETURN PERIOD FOR ZONE 1 

F.2 RAINFALL INTENCITY - DURATION 
RETURN PERIOD FOR ZONE 2 

F.3 RAINFALL INTENSITY - DURATION 
RETURN PERIOD FOR ZONE 3 

F.4 RAINFALL INTENSITY - DURATION 
RETURN PERIOD FOR ZONE 4 

F.5 RAINFALL INTENSITY - DURATION 
RETURN PERIOD FOR ZONE 5 

F.6 RAINFALL INTENSITY - DURATION 
RETURN PERIOD FOR ZONE 6 
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ANNEX - G 

EXAMPLE CALCULATION FOR USE OF RATIONAL FORMULA 

FIG. G.l EXAMPLE IN USE OF RATIONAL FORMULA 
FOR ESTIMATION OF FLOOD FLOWS 
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ANNEX - H 

PUMP STATION DESIGN CRITERIA 

(To be completed with a s s i s t ance of Mechanical Engineer) 

1.0 Project Name Job No. 

2.0 Design Data 

2 .1 Design per iod ending (y r ) 

2.2 Design Population 

2.3 Average da i ly demand per Capita ( 1 / cap .d ) 

2.4 Average da i ly demand (m 3 /d ) 

2.5 Maximum da i ly demand (m 3 /d ) 

2.6 Peak hourly demand (m J /d ) 

2.7 Maximum fire protect ion flow (m 3 /d ) 

3.0 Design Flows 

3.1 When s torage is a v a i l a b l e , design flow equal 
to maximum da i ly demand (m 3 /d ) 

3.2 When s torage is not a v a i l a b l e , design flow 
equal to peak hourly demand or to sum of 
maximum da i ly demand plus f ire flow, 
whichever i s g rea t e r (m 3 /d) 

4.0 Pump Design Parameters 

4 .1 Hydraulic Parameters 

° Static head (m) 

° Frict ion losses at design flow (m) 
0 Station losses at design flow (m) 
0 Total dynamic head at design flow (m) 

(See a t tached system head curve) 

° Variations in water surface e levat ion 
^ ^ at wet w:ell (m) 

4.2 Pump Selection 

0 Number of duty pumps 

° Number of s t andby pumps 
0 Pump posi t ion (horizontal d r y p i t , 

ver t ica l d r y or wet pi t e t c . ) 

""•"•"• '""•"" °" ' Type of coupl ing ' ( t h r e a d e d ; f langed, 
f l ex ib le , space r ) 

° Pump s ize (suct ion, d i scha rge ) (mm) 
0 Type of operat ion (constant or v a r i a b l e 

speed) 
0 Pump Arrangement (pa ra l l e l or s e r i e s ) 
0 Bearing lubr ica t ion (g rease , o i l , water 

f lushed) 

° Packing box (water s e a l , g rease sea l ) 
0 Pump Speed (max . ) ( rpm) 

Location Pump Station Name 

STAGE I II III 
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STAGE I II III 

4.3 Impeller Selection 

° Maximum capaci ty (m 3 / s ) and power (k\V) 
for minimum operat ing head 

° Minimum capac i ty and Power (kW) for 
maximum head for each pump 

° Efficiency range (%) for each pump 

° For v a r i a b l e s p e e d , minimum speed for 
minimum capac i ty 

° kW requ i red at minimum speed 

° Shut off head (m) 

° Minimum NPSH ava i l ab le (m) 

° Specific speed 

° Type impel le r (open, semi-open, c losed) 

° Minimum requ i red submergency (for v e r t i c a l 
pumps (in) 

° Selected impel ler trim and maximum d i a . 
ava i l ab le (m) 

J ° Minimum pump operat ing cycle (minutes) 

0 Maximum retent ion time in wet well (minutes) 

0 Flywheel effect of pump 

5.0 Pump Drive and Controls 

5.1 Type of d r i v e (motor and /or engine) 

. 5.2 Motor speed 
0 Constant speed (rpm) 

° Variable speed (rpm) 

5.3 Motor frame 

5.4 Voltage (Volts) 

5.5 Power rat ing (kW) 

k 5.6 Number of phases 

5.7 Frequency (Hz) 

5.8 Ambient tempera ture (Degrees C) 

5.9 Insulation c lass 

5.10 Full load current (Amperes) 

»,.-^,,.r.5»,rj,^,-,gerv^ce factor • •»•••.<...«•. .<-,,.„-,-,.,r„^..-,o-^,-, .:: • 

5.12 Motor dimensions 

0 Diameter (mm) 

0 Height (mm) (or maximum length) (mm) 

5.13 Internal combustion engine d r i v e 

0 Type (heavy du ty , l ight duty) 

° Fuel 
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STAGE 

14 Transmission 

° Speed r a t io 

° Connection ( d i r e c t , angle gear) 

15 Variable speed d r i v e ( r ep re sen t a t i ve manufacturer) 

0 Hydraul ic coupling 

a) Hydrokinet ic 

b) Hydroviscous 

° Magnetic (eddy current d r i v e ) 

0 Variable voltage 

0 Variable frequency 

° Wound ro tor 

a) Energy recovery 

b) Var iable res i s tance 

c) Liquid rheos ta t 

16 Level sensing system 
0 Bubbler (pneumatic backp re s su re ) 

0 Float 

0 Electronic probe 

17 Pump sequence control 

° Elevation Low Water Level (m) 

° Elev. Star t level Lead Pump 

° Elev. Star t level Lag Pump 1 

° Elev. Start level Lag Pump 2 

° Elev. Star t level Lag Pump 3 

° Elev. Start level Lag Pump 4 

° Elev. Alarm Water level 

° Elev. Stop level Lag Pump 4 

° Elev. Stop level Lag Pump 3 

° Elev. Stop level Lag Pump 2 

°. Elev. Stop level Lag Pump 1 
0 Elev. Stop level Lead Pump 

18 Pump control 

0 Manual sequence select ion ? YES/NO 

° Automatic lead- lag a l te rna t ion ? YES/NO 

° Automatic s t a r t of s tandby pump ? YES/NO 
(If NO exp la in ) 

0 Remote alarm ? YES/NO 
0 BacKup for level sensing ? 

(C02 bo t t le for bubb le r e t c . ) 
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STAGE I II ' III 

6.0 Piping and Valves 

6.1 Suction piping 
0 Diameter (mm) 

° Pipe mater ia l and wall th ickness (mm) 

0 Valve type 

° Suction fitt ing ( b e l l , f lare) 

6.2 Discharge piping 

0 Diameter (mm) 

0 Pipe mater ia l and wall th ickness (mm) 

0 Control va lve type 
0 Opening and closing time of control va lve (s ) 

° If future pump to be i n s t a l l ed , i s the 
control va lve p rov ided ? YES/NO 

° Check va lve type 

6.3 Discharge header 

0 Diameter (mm) 

0 Pipe mater ia l and wall th ickness (mm) 

6.4 Air va lves 

° Air and vacuum va lve (mm) 
0 Air r e l ease va lve (mm) 
0 Combination a i r va lve (mm) 

6.5 Main line 

° Length (m) 

° Diameter (mm) 
0 Material 

° Wall th ickness (mm) 

^ ° Design frict ion factor 
(Hazen Williams C coefficient) 

6.6 Overall efficiency at maximum speed 

6.7 Suction s t r a ine r 

° Type 

'•"-'' •'•'•'*-'••• '••••«••••-• D i a m e t e r ( m m ) ••••• < •••• . 

° N e t f l o w a r e a ( m m 2 ) 

° H e a d l o s s a t m a x i m u m f l o w ( m ) 

6.8 Flowmeter 
0 Type 
0 Size (mm) 

° Material 
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STAGE 

0 Chlorination Fac i l i t i e s 

7.1 Applicat ion range (mg/1) 

7.2 Type of control (manual, so lenoid , f lowpaced, 
compound loop)' 

7.3 Type of storage 

7.4 Quantity of s torage (kg) 

7.5 Evapora tors YES/NO 

7.6 Ejector booster pump 

0 Type (centrifugal or turb ine) 

0 Pump capaci ty (1 /s ) 

0 TDH (m) 

0 Brake horsepower (kW) 

0 Ventilation 

8.1 Type- of fan 

8.2 Capacity for pumproom (a i r changes per h r . ) 

8.3 Capacity of motor-room (a i r changes per h r . ) 

8.4 Capacity for chlor inat ion room 
(a i r changes per h r . ) 

0 Pump Station Structural Loads 

9.1 Equipment loads 

° Pumps (kg) 

° Motors (kg) 

° Standby generator (kg) 

0 Other (kg) 

9.2 Ground water l eve l s 

0 El. Ground surface 

0 El. Bottom pump stat ion 

° El. Ground water (normal and flood) 

0 Station Sump Pump 

1Q...1,.. Sump dimensions (m) . ,. ..... 

10.2 Pump s ize (suet, d i s c h a r g e , impe l l e r ) (mm) 

10.3 Pump capac i ty (m 3 / s ) 

10.4 TDH (m) 

10.5 Diameter d i scha rge p ipe (mm) 

10.6 Minimum requ i red submergency (m) 

10.7 Brake horsepower (kW) 
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STAGE i n in_ 

11.0 Hydraulic Transients 

11.1 Problem definit ion 

0 Maximum upsurge due to s t a r t - u p of pump (m) 

0 Maximum upsurge due to va lve closure (m) 

° Maximum downsurge following va lve closure (in) 
° Maximum downsurge due to power failure (m) _ _ _ _ _ 

° Maximum upsurge following power fai lure (m) 

Maximum negative p r e s su re (magnitude 
and location ) (m) 

Maximum r e v e r s e speed of pump (rpm) 

11.2 Surge protect ion equipment 

° Vacuum relief va lve 

a) Type 

b) Size (mm) 

° Hydraul ica l ly control led a i r and vacuum va lve 

a) Type 

b) Size (mm) 

c) Rate of va lve c losure (s) 

0 Surge re l ief va lve 

a) Type 

b) Size (mm) 

c) Pressure set point for va lve opening (N/m2) 

d) Rate of v a l v e ' c l o s u r e (s ) 

Air chamber 

a) Design p r e s su re of vesse l (N/m2) 

b) Total volume of vesse l (m3) 

c) Configuration of tank ( v e r t i c a l l y or 
hor izon ta l ly ) 

d) Diameter of vesse l (m) 

e) Height ( length) of vesse l (m) 

f) Ini t ia l volume of a i r (m3) 

g) Connection l ine d iameter (mm) 

1Y) Compressor s i ze ' (fcW) 

i) Maximum al lowable e levat ion for 
top of vesse l (m) 
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STAGE I II III 

Vented a i r chamber 

a) Design p r e s su re of vesse l (N/m2) 

b) Total volume of vesse l (in3) 

c) Configuration of tank 
( v e r t i c a l l y or hor izonta l ly ) 

d) Required e levat ion difference between 

top of vesse l and center line of header (m) 

e) Diameter of vesse l (m) _ 

f) Height ( length) of vesse l (m) _ 

g) Connection line d iameter (mm) _ 

h) Vacuum rel ief va lve s ize (mm) _ 

i) Air re lease va lve s ize (mm) 

° Surge tank 

a) Tank diameter (m) 

^ _ b) Maximum tank e l e v . (m) 

^ ^ c) Connection line d iameter (mm) 

° One-way surge tank 

a) Tank diameter (m) 

b) Maximum water surface level (m] 

c) Connection line diameter (mm) 

d) Check va lve diameter (mm) 

12.0 Standby Power 

12.1 Type 

12.2 Rating (kW) 

12.3 Fuel 

^ ^ 12.4 Cooling system 

12.5 Dimensions 

° Length (m) 

0 Width (m) 

0 Height (m) 

13.0 Crane Bridge 

13.1 Type ( t 0 P running or under running) 

13.2 Load rat ing (kg) 

13.3 Travel l ing speed (m/min) 

13.4 Span (m) 
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STAGE 

Trol ley Hoist 

14.1 Type ( e l ec t r i c d r i v e n , a i r d r iven 
hand chain) 

14.2 Load rat ing (kg) 

14.3 Hoisting speed (m/min) 

14.4 Travel l ing speed (m/min) 

14.5 Maximum hook t rave l (m) 

Soil data 

15.1 Equivalent fluid p r e s s u r e - ac t ive (kg/m3) 

15.2 Equivalent fluid p r e s s u r e - pa s s ive (kg/m3) 

15.3 Equivalent fluid p r e s s u r e at r e s t (kg/m3) 

15.4 Specific weight of soi l (kg/m 3 ) 

15.5 Soil friction 

° Uplift 

° Sliding 

15.6 Other 
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ANNEX - I 

TOTAL PUMPING HBAD 

FIG. 1.1 PUMP SUMP DESIGN 

TABLE 1.1 FACTORS AFFECTING SUCTION HEAD 

1.2 RECOMMENDED MAXIMUM FLOW RATES 
IN FOOT VALVE WITH STRAINER 

1.3 HEAD LOSSES IN PIPE FITTINGS, VALVES AND 
OPEN CHANNELS DUE TO TURBULENCE 
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ANNEX - I 

TOTAL PUMPING HEAD 

CALCULATIONS FOR TOTAL PUMPING HEAD 

Calculations for determining pumping head are bes t made af ter the p repa ra t ion of de ta i l ed longitudinal 
sections of the pumping main. It i s important to accura te ly compute the pumping head in o r d e r 
to minimize the cost of pump ins ta l la t ion and ensure r e l i a b l e opera t ion . Careful at tent ion should 
be paid to suction condit ions r e l a t ed to s i t e e levat ion and opera t ing water tempera ture in o r d e r 
to eliminate cavi ta t ion p rob lems . 

Surge conditions should also be evaluated for al l pumping mains in o r d e r to se lec t the proper p ipe 
material and prov ide surge a r r e s t o r s when neces sa ry . The t ab les in Annex - J could be useti to eva 
luate surge condi t ions . 

Design Parameters 

Q = m 3 / s 

d = Pumping main diameter 

Pumping main mater ia l 

C factor = 

mm 

V 

V2/2g 

m/s 

m 

^ 

A. Pumping Main Losses in Pipe 

B. 

L Length of main m 

h Headloss m/1000 

Fric t ion losses in main : L x h f 

1000 l 

Pumping Main Losses in Pipe Fi t t ings 

Type and number of Fi t t ings 

Type n ' = No 

90° Bend 

45° Bend 

22^° Bend 

Gate Valve 

Scour Valve Tee 

Air Valve Tee 

Ball Valve 

Total nK 

K 

0.6 

0.4 

0.3 

. 0.5 

0.6 

0.6 

16 

m 

nK 

16* 

Fr ic t ion losses in pumping' main f i t t ings : nK v 2* 

C. Difference in Pump and Discharge Elevat ions 

Discharge elevat ion at s torage tank 

Pump d ischarge e levat ion 

2g 

m 

m 

Difference in e levat ion ( s t a t i c head) 

* The ve loc i ty at the p a r t i c u l a r f i t t ing should be used . Th i s i s e spec i a l l y important if t he 
bal l va lve s ize i s smal le r than the pumping main d iamete r . Annex 1-4 shows values of 
K for var ious f i t t ings and v a l v e s . : ; 
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D. Pump Discharge Losses 

Type 

Increaser (if needed) 

Reflux va lve 

Gate va lve 

Tee 

Total K 

Pump d i scha rge losses 

K 

usual ly negl ig ible 

3.7 

0.5 

1.8 

= 6.0 

9 

6 \ r 
2g 

E. Water Meter Losses (check manufac turer ' s catalogue) 

TOTAL DISCHARGE HEAD (sum of items A thru E) 

F. Suction Losses 

• 

Suction pipe diameter 

V,. = m/s V„2 = 

2g 
1. Losses in Pipe 

L x ht 

mm C factor 

m h f 

m 

Length: 

m/1000 

1000 

Losses in Fi t t ings 

Type 

Foot va lve S s t r a i n e r 

Long rad ius elbow 

Reducer (if needed) 

Total K 

K 

16 

0.3 

usually negl ig ible 

16.3 

Suction losses in f i t t ings 16.3 V / 2g 

Stat ic Suction Lift 

Pump inlet water l ine e leva t ion 

Minimum water e leva t ion in the sump 

Difference in e leva t ion ( s t a t i c suction l i f t ) 

TOTAL SUCTION* (sum of i tems 1,2 8 3) 

G. Velocity Head 

m 

m 

m 

m 

For centrifugal and booster pumps the ve loc i ty head V /2g i s the difference between the ve loc i ty 
heads at the suction and d i scha rge flanges of the pump and i s usual ly neg l ig ib le . For ve r t i c a l 
turbine and submers ib le pumps the ve loc i ty head i s measured at the d i scha rge flange. 

* Total suction i s the sum of the s t a t i c l if t and los ses in the suction piping and f i t t ings . 
For proper pump operat ion the total pump suction should not exceed the figures given in 
Annex 1.2 Total suction v a r i e s wi th the s i t e e l eva t ion , the water tempera ture and the 
speed of the pump. 
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H. Total Pumping Head 

Total pumping head is the sum of total discharge head, suction lift, total suction losses and 
velocity head. (see sketch below) 

Total discharge head 

Total suction 

Velocity head (usually negligible) 

Total pumping head 

m 

m 

• 

oa vwvo 

H h- t 

PUMP SUMP DESIGN 

(not to scale) 

FIGURE - 1.1 
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TABLE - 1.1 

I . 2 FACTORS AFFECTING SUCTION HEAD 

Pumps with not too high a speed , l iquid tempera tures up to 20°C and s i tua ted at low a l t i t u d e , 
can lift up to 6.4 me t res . At h ighe r tempera tures and at h ighe r a l t i t u d e s , t h i s figure i s r educed . 

The following table indica tes the total suction lift in re la t ion to the tempera ture of the l i q u id , 
the number of revolut ions per min. and the a l t i t udes of the s i t e of the pump. 

Water Temperature °C 

Total Suction* in m 

1450 rpm 

2900 rpm 

10 20 30 40 50 

6.4 6.3 5.8 5 4 

4.6 4 .3 3.8 3 .1 2 

* Al t i tude Correct ion Mul t ip l ie r 

• 

Alt i tude in m 

Mult ip l ier 

For a l t i t udes above 450 m 

0-450 915 1370 1830 

1.0 0.9 0.79 0.7 

the suction lift must be mul t ip l ied by the cor rec t ion mul t ip l i e r . 

* Includes s t a t i c suction l i f t from minimum water l eve l to pump inle t cen t e r l i ne , and losses 
on suction p ipe and f i t t i ngs . 

TABLE - 1.2 

1.3 RECOMMENDED MAXIMUM FLOW RATES IN FOOT VALVE WITH STRAINER 

Valve Size (mm) 

50 

65 

80 

100 

150 

200 

250 

300 

Maximum Flow R a t e ( m 3 / h ) 

7.9 

14.4 

21.6 

43.2 

108 

198 

324 

468 
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TABLE - 1 . 3 

HEAD LOSSES IN PIPE FITTINGS, VALVES AND OPEN CHANNELS DUE TO TURBULENCE 

(Values .of K) 

Nature of Resistance Loss in terms of V /2g 

a. Swing check va lve (fully open) 

b . Foot va lve 8 s t r a ine r 

c. Gate va lve (fully open) 

d. Butterfly va lve (fully open) 

e. 90° Bend 

Regular flanged 
Long rad ius flanged 
Short r ad ius screwed 
Long rad ius screwed 

f. 45° Bend 

Regular flanged 
Long rad ius flanged 
Standard screwed 

22^° Bend g-

h . Wye branches 

Tee 
Side inlet 
Side outlet 
Run of tee 
Run of tee reduced 
Run of tee reduced 

3.7 

16 

0.48 

1.2 

0.30 

0.25 

0.90 

0.60 

0.42 

0.20 

0.42 

use % loss for 90° Bend 

1.0 

1.80 
1.80 
0.6 
0.9 

0.75 

j . Reducers (ve loc i ty at small end) 

k . Increasers 

1. Sudden contraction 

0.25 

0.25 (V^/2g - V^/2g) 
where V- = ve loc i ty in small end 

d / I 

d/ D 

Sudden enlargement 

d / D = H 

d / D = H 

d / n = 3-i 

0.42 where d and D are 
d iamete rs of small 
and la rge p ipes 
r e s p e c t i v e l y 

0.19 

0.92 

0.56 

0.19 

Ditto 

n. Entrance lo s se s : 

Pipe project ing into tank 
"End""of p ipe flusrT'w'it'H Tank" Tordlnar 'y square ' " 
edged en t ry ) 
Sl ight ly rounded 
Bel l - mouthed 

1.0 
0.5 

0.23 

0.04 

Outlet l o s ses : 

From pipe with s t i l l water or a tmosphere 

From pipe to well 
where V„ 

1.0 
0.9 (v j / 2g - V^/2g) 
ve loc i ty in the p ipe 
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p. Losses in open channels : 

Sharp cornered entrance 

Round cornered entrance 

Bell-mouthed entrance 

0.5 (V^/2g - y\/2%) 
where V. = velocity downstream 

0.25(V^/2g - V^/2g) 

0.05 

q. Losses at turns around baffles 3.3 

r. Sudden enlargement or outlet losses 
due to turbulence: 

Sharp cornered outlet 1.0 ( V ^ g - V^/2g) 

where V1 = velocity downstream 

• 

Bell-mouthed 0.1 ( V ^ g - V^/2g) 
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Annex J 

J . l TABLES FOR WATER HAMMER EVALUATIONS 

FOR PUMPING MAINS 

The following two tables could be used to rapidly determine the 
possibility of a water hammer occurence in pumping main using centr i
fugal pumps. 

Table J . l -Enables the design engineer to ascertain whether the water 
hammer problem would be a relat ively simple or complex 
one. Simple water hammer problems occur with great fre
quency in practice. The analyses of complex problems 
should be done with the assistance of specia l i s t s . 

Table J . 2 - Can be used to determine the severity of simple water 
hammer problems. If any one item is checked in the affir
mative, there is cause for concern. If there are two or 
more affirmative items, the situation is l ike ly to be serious 
and the degree of severi ty will be proportional to the 

i fc number of affirmative items. 

Analyses and solutions to various water hammer problems are presented 
in detail in the following excellent references available in the l ib ra ry : 

a) "Pipline Design for Water Engineers" by rD. Stephenson 
Chapter 14 

b) "Water Hammer Analysis" by J. Parmakian 
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Table - J . l 

CLASSIFICATION OF PUMPING MAINS FOR DETERMINING 

THE COMPLEXITY OF WATER HAMMER PROBLEMS 

Condition 

I . TYPE OF SYSTEM 

a. Single p ipe l ine of uniform s ize 

b . Single p ipe l ine of more than one s i z e 

c . Two or more p a r a l l e l l ines 

d. Single or p a r a l l e l sys tem connected to 
d i s t r ibu t ion system 

I I . PROFILE OF SYSTEM 

a. Relat ively flat or mild ascending s lope 

b . Steep s lope ( length of main (L) l e s s 
than 20 times pumping h e a d ) 

c . Intermediate high poin ts 

d. In termediate r e s e r v o i r or pumps 

I I I . PUMP SUCTION CONDITIONS 

a. Direct suction from suction well 

b . Suction conduit in which per iod 
(2L/C) i s 1 s or l e s s 

c . Suction conduit in which per iod 
(2L/C) i s g rea te r than 1 s 

Simple 
Water 

Hammer 
Problems 

Complex* 
Water 

Hammer 
Problems 

x 

x 

x 

x 

X 

* Complex wa:feY*%km"|iier ^problems should be r e f e r r e d to s p e c i a l i s t s 
in water hammer a n a l y s i s . 

C i s p r e s su re wave c e l e r i t y ( speed ) 

Source: Report of the Task Committee on Engineering P rac t i ce s 
in the Design of P i p e l i n e s , American Society of Civ i l 
Engineers , 1975. 
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CHECKING FOR DETERMINING THE DEGREE OF 

Table - J . 2 

WATER HAMMER SEVERITY 

m 

Item 

1. Cr i t ica l per iod* i s g rea t e r than 1.5 

2. Maximum veloci ty of flow i s g r e a t e r than 1.2 m/s 

3 . Check va lve closes in l ess than c r i t i c a l p e r i o d 

Pump and motor wil l be damaged if a l lowed to run 
backward up to full s p e e d . 

Factor of safety of the p ipe i s l e s s than 3.5 for 
normal operating p r e s s u r e s . 

Pump wil l be s t a r t e d with d i s c h a r g e v a l v e open 

Pump will be shut off before the d i s c h a r g e va lve 
i s fully closed 

8. Automatic va lves a re p re sen t in t h e s y s t e m , 

2L 
Cr i t ica l period i s -p- where L i s t h e length of p ipe 

Yes No 

and C i s the wave c e l e r i t y of t h e p i p e mater ia l 
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J .2 SURGE PRESSURE CALCULATION 

Assume Q = 30 1/s 

Pipe D = 200 mm Pipe Material : AC 

For asbes tos cement p ipe the following a p p l i e s : 

Maximum operat ing p r e s su re (pump d i scha rge head) + maximum 

calculated surge p r e s s u r e at power fa i lure ~<C 1.1 x maximum 

allowable sustained p r e s s u r e for the c lass of p ipe 

Assume pipe p r e s su re including surge recommended in BS Code of Prac t ice i s 

1.1 times max. al low, susta ined p r e s s u r e = 1.1 x 102 = 112 m 

Max. Calculated Surge Pressure 

at Water temperature of 50°C, / 
, •• r 1 5 4 ° / 5050 Pressure wave ce l e r i ty , C = m/s / or . f t / s 

/ l + kd 1 / l + kd 

v ET \ V ET 

{ 0 Where k = e l a s t i c modulus of water = 2.07 x 10 N/m (0 .3 x 10 lb f / in ) at 0°C 

or 

2.34 x 109 N/m2 (0.34 x 106 lbf/in2) at 50°C 

d = pipe ID (m) 

E = modulus of e l a s t i c i t y of p ipe (Young's Modulus) 

H = 24 x 109 N/m2 (3 .5 x 106 l b f / i n 2 ) for AC 

= 110 x 109 N/m2 (16 x 106 l b f / i n 2 ) for CI 

= 165 x 109 N/m2 (24 x 10 6 l b f / i n 2 ) for DI 

= 210 x 109 N/m2 ( 30.5 x 106 lb f / in 2 ) for Steel 

= 2.7 x 109 N/m2 (0 .4 x 106 l b f / i n 2 ) for PVC 

t = Pipe wall th ickness (mm) 

for 200 mm c lass 20 AC pipe d = 200 mm, t — 25 mm 

1540 

1 + / 2 . 3 4 x 1 0 9 . 0 . 2 \ = U54 m/s 

V 24 x 109 . 0.025 J 

. . Max. surge p r e s s u r e , p = — 
S o 

Where v = ve loc i ty = — = —'•— = 0.96 m/s 
.0314 

V 

8 

Ps 

= 

= 

= 

velocity = 

9.78 ms"2 

1154.0.96 

Q 
A 

= 

= 

113 m 

0 

9.78 

Assume total pump d i scha rge head 

plus max. surge p r e s su re 

To ta l System Pressure .-.-,. 

Recommended BS Code 2010 p r e s s u r e 
Excess p r e s s u r e 

90 

113 

203 

112 
91 

m 

m 

m 

m 
m 
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ANNEX - K 

The Gazette of the Democratic Socialist Republic of Sri Lanka 
EXTRAORDINARY 

efoa> 334/5—1985 dsrjQiS 29 0 ^ qcaratfiQjt—1985.01.29 

No. 334/6 — TUESDAY, JANUARY 29, 1985 

(Published by Authority) ....... 

PART I: SECTION (I)-GENERAL 
Miscellaneous Departmental Notices 

A>->'KX I 

CEYLON ELECTRICITY BOARD 

Tariffs and Charges 

NOTICE is hereby given in terms of Section 62(2) of the Ceylon 
Electricity Board Act. No. 17 ef 1969, that it is intondod to 
introduce with effect from Ut March, 1995 the following tariffs 
and charges tor the supply of electrical energy to all direct 
consumers of the Ceylon Eloctricity Board wlio are supplied 
by the integrated hydro-thermal electrical power system. 

K. K. Y. W. PEBERA, 
Chairman. 

26th January, 1985, 
Ceylon Electricity Board, 
Sir ChittampaJam A. Gardiner Mawatha, 
Colombo 2. 

SECTION 1—DoJtzsno TAXUY 
RoteD. i 

1. This rate shall apply to supplies of electricity used for 
domostio purposes in private residences. 

2. The monthly charges for supply Under this tariff shall be— 

For the first 30 units (1st Blook) at a basic rate of 60 cents 
^ ^ e r unit (exempted from the Fuel Adjustment chargo). 
^ ^ For the units in excess of 30 unite and up to 160 units(2nd 

Block) at a basio rate of 90 eta. per unit (oxempted fmm 
the Fuel Adjustment Charge). 

For the units in excess of 150 units and up to 500 units (3rd 
Block) atabasiorateofRs. 1.80perunitplusFu»l Adjustment 
Charge in accordance with Sect-ion 10. 

For ib>' units in execess of 600 units (4th Block) at the 
basio rate of Rs. 2.26 por unit plus Fuel Adju* rmoct Ch&rpe 
in aooordt^aoe with Section 10. 

The above charges shall be subject to « minimum of Rs- 5 
in respect of any month. 

SECTION 2—BJHJOIOVS PREMISES & APTHOVXT> 
CRABTTABLX iNsnTtmons T A B D T 

Bate R. 1 
1. This rate shall apply to supplies of electricity to— 
(a) Places of pablio religious worship including a private 

residence or residences of a priest or priests whore 
Such residence Or residences are associated with nnd 
are within the ourtilage of a pluoe of public religious 
worship, and 

(6) Approved oharit&ble institutions. 
The installation should not include any buildings used 

mainly or wholly for commercial purposes. 
2. The monthly charge for supply under this tariff shall bt 

at a basio rate of 50 cents per unit (exempted from the Fuel 
Adjustment Chargo). 

The above charge shall bo subject to a minimum of Rs. J 
in respect of any month. 

SECTION- 3—ST*EET LIGHTING TARIFF 

1. This rate shall apply to supplies given for the purpose of 
public street lighting only. 

2. The monthly charges for energy supply under this tariff 
shall be at a basic rate oi Rs. 1.60 per unit plus Fuel Adjustment 
Charge in accordance with Section 10. 

SECTION 4—TARIFFS FOB Butx SUPPLY TO LICENSEES i 

The rates L. 1 and L. 2 set out below shall apply to bull 
supplies provided to Licensees within the meaning of th« 
Eloctricity Act. The " domestic, religious premises and approved 
charitable institution consumers _ " mentioned in this seotioa 
refer to domestic, religious premises and approved ohartitabl/. 
institutions consumers of the Licensee. 

Bate L. I 
This rate shall apply to supplies delivered and metered at 

400/230 volts nominal. The monthly charge undor this t&ril 
shall bo the sum of the charges (a), (6), and (c) givon belew : 

(a) A maximum demand oharge at the rate of Rs. 30 pet 
KVA. of maximum demand made during the montk 
at oaoh individual point of supply for supplies whorl 
the contract demand exceeds 60 KVA. ' 

ll>) Unit ohsrgos for Blocks of onergy as follows :— 
(i) A basio rate of 40 cts. per unit for the First Bloci 

of units equal to 120% of tho sum of units use4 
per month by religious promises and approvoi 
eharitablo institution oonsumors, plus 120% o) 
the sum of units used per month by domoats 

consumors consuming up to 30 units por month 
plus 120% of 30 unit? x number of doroostii 
consumers oonsuming above 30 unite por month 

(ii) A basio rate of 70 cts. por unit for the Seoortl 
Blook of units equal to 120% of the sum a 
units U6od in excess of 30 units per month bj 
domestic consumors oonsuming in excess of 31 
units and up to 160 units per month, plus 120^ 
of 120 units X number of domestic oonsumon 
oonsuming in excess "f IflO unite per month. 
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(iii)A basic rate of Rs. 1.35 per unit for the Third 
Block of units consisting of all units purchased 
por month by the Licensee in excess of the sum 
of units in the First and Second Blocks. 

(c) Fuel Adjustment Charge for all units in the Third Block 
in (6) above, in accordance with Section 10. 

For the purpose of computation of monthly bills by the Ceylon 
Gloctricity Board, the Licensee shall provide in the manner 
requested by the Ceylon Electricity Board the monthly details 
of consumption of their retail supplies. Until such data is 
provided to tho satisfaction of the Ceylon Electricity Board, 
the monthly bills ahall be worked out on an estimated basis 
by the Cejlon Electricity Board. 

Rate L 2 
This rate shall apply to supplies delivered and metered at 

11,000 volts mominal and above. 

The monthly charge under this tariff shall be the sum of the 
charges (a), (6) and (c) given below. 

(a) A maximum demand ehargo at the rate of Rs. 25 per 
KVA, of maximum demand made during tho month at 
each individual point of supply. 

(6) Unit charges for Blocks of energy as follows :— 
(i) A basic rate of 40 cts. per unit for the First Block 

of units oqual to 120% of the sum of units used 
per month by religious premises and approved 
charitable institution consumers plus 120% of 
the sum of units used per month by domestic 
consumers consuming up to 30 units per month, 
plus 120% of 30 unit* x number of domestic 
consumers consuming above 30 units per month., 

(ii) A basic rate of 70 cts. per unit for the Second 
Block of units equal to 120% of the sum of units 
used in excess of 30 units per month by 
domestic consumers consuming in excess of 
30 units and up to 160 unite per month, plus 
120% of 120 units x number of domestio 
oonsumers consuming in excess of 160 units per 
month. 

(iii)A basic rate of Rs. 1.35 por unit for the Third 
Block of units consisting of all units purchased 
per month by the Licensee in excess of the sum 
of units.in the First and Second Blocks. 

(.-) Fuel Adjustment Charge for all units in tho Third Block 
in (6) above, in accordance with Section 10. 

For the purpose of computation of morthly bills by the Ceylon 
Electricity Board the Licensee shall provide in the. manner 
requested bv the Ceylon Electricity Board the monthly "details 
of consumption of their reta'l supplies. Until such data is 
provided to the satisfaction of the Ceylon Electricity Board, 
the monthly bills sliall be worked out on an estimated basis by 
•he Ceylon Electricity Board. 

> SECTION 6—GENERAL PUBPOSE TABrrr 

The rates G.P. 1. O.P. 2 and O.P. 3 set out below shall be 
applicable to a supply of electricity to bo uted in shop6. offices, 
banks, warehouses, public buildings, hospitals, educational 
PStaMishmonts, places of entertainment and other premieies 
not covered under any other tariffs in this schedule. 

Bate G.P. t 
1. This rate shall aoply to supplies at each individunl point 

of supply delivered and metored at 400 '?30 volts nominal nnd 
where the contract demand is less than 60 KVA. 

2. The monthly charge under this tariff shall be the sum of 
eharges (a) and (b) given below :— 

(i) A ba»io rate of Bs. 1.70 por nnit plus Fue! Adjustment 
Charge in accordance with Section 10. 

(b) Fixed charge of Rs. 20 for contract demands up to 10 KVA. 
Fhcodcharpe of Rs. 100 for contract domanda in excess 
of 10 KVA^ but less thao 60 KVA 

Rale O. P. 2. 
1. This rat© srmll apply to supplies at each individual point 

of suppW delivered and metered at 400/230 volta nominal and 

2. The monthly charge for supplies under this tariff shall 
bo the sum of the charges (a), (b) and (c) given below : 

(a) A maximum demand charge at the rate of Rs. 125 per KVA-
of— the maximum demand made during tho month. 

(6) A unit charge at the basic rate of Rs. 1.60 per unit plua 
Fuol Adjustment Cliargo in accordance with Section 10. 

(e) Fixed charge of Rs. 200. 

Rate O.P. 3 
(1) This rate shall apply to supplies at each individual point of 

supply delivered and metered at 11,000 volt6nominal and above. 

2. The monthly charge for supplies under this traiff shall 
be the sum of the charges (a), (6) and (c) given below ;— 

(a) A maximum demand charge at the rate of Rs. 116 per 
KVA. of the maximum demand made during the month. 

* (b) A unit charge at the basic rate of Rs. 1.60 per unit plus 
Fuel Adjustment Charge in accordance with Section 10. 

(c) A fixed charge of Rs. 200. 

SECTION 6—INDUSTRIAI, TABITF 

The rates I. 1., 1.2 and 1.3 set out below shall be applicable ff 
to a supply of electricity used wholly or mainly for motive V 
power or for electrochemical processes in factories, workshops, 
foundries, oil mills, spinning and weaving mills, pumping stjat ionsl 
port and dock installations and other similar industrial 
installations, but shall not be applicable to a supply of electricity 
covered under Section * of this schedule. 

Rate 1.1. 
(1) This rate shall apply, to supplies at each individual point, 

of supply, delivered and metered at 400/230 volts nominal and 
where the contract demand is less than 60 KVA. 

The monthly charge for supplies under this tariff shall be the 
sum of charges (a) and (6) given below :— 

(a) A unit charge at the basic rate of Rs. 1.65 per unit plus 
Fuel Adjustment Charge in accordance with Sect ion 10. 

(6) A fixed charge of Rs. 20 for contract demand upto 10 KVA. 
A fixed charge of Rs, 100 for contract demand in 
excess of 10 KVA. but below 60 KVA. 

Bale 1.2 
1. This rate shall apply to supplies at each individual point 

of supply, delivered and metered at 400/230 volt* nominal and • 
•where the contract demand is equal to or exceeds 60 KVA. /""V 

2. The monthly charge for supplies under this tariff shall 
be the sum of the charges (a), (b) and (c) given below : 

(a) A maximum demand charge at the rate of Rs. 100 "per 
KVA. of the maximum demand made during the month. 

(6) A unit charge at the basic rate of P,s. 1.46 per unit, plus 
Fuel Adjustment Charge in accordance with Section 10 

(c) A Fixed Charge of Rs. 200. 

Rate 1.3 
1. This rate shall apply to supplies at each individual point 

of supply delivered and metered at 11,000 volts nominal and 
above. 

2. The monthly charge for suppWfcs under this Tariff shall 
•be the sum of the charges (a), (b) and (c) given below : 

(a) A maximum demand charge at the rate of Bs. 00 per KVA. 
of the maximum demand made durit p the month. 

(6) A unit charge at the basic rate of Rs. 1.2f> per unit, plus 
Fuel Adjustment Clwrye in accordance with Section 10. 

(c) A Fixod Charge of Rs. 200. 

SECTION 7—IIOTIXS TAMTS 

The Rates Hotels 1. Hotels 2 nnd Hotels 3 sot-out below shall 
be applicable to n supply of electricity to be used in Hotel* 
Restaurants, Cafes and other similar premises, but shall not be 
applicable to a supply of electricity covered under Section R of 
this Schedule. 

Rate Hotel* 1 
1. This rate shall apply to supplies of. each individual point 

of supply delivered and metered at 400/230 volts nominul ivnA 
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2. The monthly chargo under tlii.' Turn"! shull tie the snw of 
the charges (a) and (6) g iven below : 

fa) A unit, charge a t the basic io(i> o f RR. 1.70 per unit , puis 
Fuel Adjustment Cluirgo in jicro«>r <'<>n'*' v. ;i K f>'ct,.,:, 10 

(6) Af ixedCluirgeot ' i i s . SOforcoiil i i iot demand up to i ( ' K \ ' A . 
A Fixed Charge of KM. 1(MI fur contract d e m a n d in 
excess ot 10 K V A . but less than 00 K V A . 

•Safe i7o<e/« 2 

1. This rate shall apply to suppl ies ot each individual po int 
of supply delivered and metered at 4,00/230 ve i l s nominal and 
whore the contract demand is equal to oi exceeds 'JO K Y A . 

2. The monthly charge under this Tariff shall Le the s u m of 
the charges (a), (b) and (c) g iven b e l o w : 

(o) A max imum demand charge a t the . rote o f R s . 150 per 
K V A . of tho m a x i m u m d e m a n d made during the month 

(6) A unit charge a,t a basic rate of Ks . 1.00 per 'un i t , plus' 
Fuel Adjustment C'liargo in accordance wi th Sect ion 10. 

(c) A fixed Charge of U s . 200 . 

Rale Hotels 3 

1. This rate shall apply to supplies at each individual point of 
supply delivered and metered a t i 1.000 vol 11 moruimd i. nd above 

2. The jhoruhly charge under this Tariff shall Lo the sum of 
the cliarges (al, ((J) ar i l (c) g iven below : 

(a) A max imum demand charge a t the rate of R s . 140 per 
K V A . o f the m a x i m u m demand made during i h c m o u t h 

\b) A unit charge a t a basic rote of R s . 1.50 per unit , p l u s 
Fuel Adjustment Charge in accordance w i t h Section 10. 

(c) A fixed charge of R s . 200. 

SECTION 8 — T A R I F F FOR I K T E R R C P T I B I E , S E A S O N A L , T E M F O B A R V , 
S T A N D B V A N D OPTIONAL T I K E OF D A V S U P P L I E S 

The rates for supplies g iven on Interrupt ible, Seasonal, 
Temporary or Standby basis shall l e d e t o i n J r t d b y the 

' General Manager, Ceylon Electr ic i ty B o a t d in each case . 

I t is intended to introduce on a trial basis a T ime of D a y 
tariff for Industrial and Hotel Consumers. Chnngos to metering 
and other equipment would be required to implement this 
Tariff. Tho tariff would initially be int idueed on u trial basis. 
Tins tariff would be appliuuble only to supplies of electricity 
whore the Ceylon Electricity Board and tho consumer m u t u a l l y 
agree to the supply of electricity a t this proposed Timo of D a y 
Tariff. The date the new tariff conies into force for each .lupply 
of oloctricity would be determined by tho Gonond Manager. 
Ceylon Electricity Board taking into consideration the 
availability of equipment and othor factors. 

The optional Time of Daysrates 1.2 (T. O.) 1.3 (T.D.) Hote l 2 
^ ( T . D . ) and Hotel 3 (T.D.) sot ou t below, shall bo applicable 
^ b o a supply of electricity for Industrial and Hotel consumer? 

where the Ceylon Electricity Board and cimsumor mutua l ly 
agree to one of those optional rates in liou of the corresponding 
rates 1.2. 1.3 in Section 6 and Hote l .2,1 H o t e l 3 in Sect ion 7 
of this notice. The General JMaiiager, Csylon Electricity Hoard 
shall, taking into co:isiuorutioa"tli6 timo* liii:ot> for procurement 
of suitable metering equipmont and othei factors, determine o t 
his discretion the dato from which tho reinvent rule, s l u l l bo 
applicable to each supply of electricity on a case by OINU basis. 

Industrial-Time of Day 

The rates 1.2 (i ' .D.) and 1.3. (T.D.) net-nut bclou- *i,iill I,.* 
applicable to a supply of electricity >it w l i individual |«>ii.t, 
of eupplj" used wholly or mainly for mot ive power or for • |.-<!ro-
chemical porcosse;. in factories,' workshops, foundries, oil null*, 
spinning and weaving miils, pumping s tat ions , port nii.l 'lock 
installations and o' her similar industrial instal lat ions 

Rale 1.2 (TJD.) 

1. This rote sh«ll apply to aupphos delivered and mof .rcd a t 
400/230 volts nominal and where tho contract domand i« «vmr-l 
to or exceeds 50 KVA. 

The monthly charge for .-lupplioa undor this t<iri:T ahull he ' li<> 
m m of the charges (a), (6). (r,j and (d) g iven below : 

(a) A maximum demand charge a t tho rato of I ts . 60 per KVA 
rtf th* ?ri»Tiro»iTr> Hnmnnd TTIAH** Hurirnr *-l»*> rr»m«t>. 

(('•; A uni t charge ut tho. ba-uo rule of I ts . 1.35 I>or unit far 
lunts consunio<l Within the hours from L'.OO p .m. 10 
6.00 p . m . tho following day, plus Foul Adjust iuc i* 
Chargo in accordance with Sect ion 10. 

(c) A un i t charge a t tho basic rate of K s . I.!)0 pur unit fef 
uni t s ooji^umod in the hours from G.00 p .m. to 9.0o p.m. 
each diiy, plus Fuel Adjustment Oltargo in accordikucc. 
With iSoctiOji 10. 

(d) A f ixed charge of Us. 200 . 

Rale 1.3 (T.D.) 

1. T h i s rate shall apply to supplies at each individual poini 
o f supp;y, doliverod aiid motored ut 11,000 volts nominal and 
abovo . Tho month y charge for s u p p i e s under this tariti 
sliull be the sum of charges (u) (6). (c) »uid (J) g .vou beiow : 

(a) A m a x i m u m demand chargo a t the rato of R s . 45 per K V A , 
of the m a x i m u m demand made du.-.ug the month . 

(b) A u n i t charge a t the basic rato of R s . 1.20 per unit fof 
u i i . t s consumed w.th .n tho hours from 9.00 p . m . t o 
6 .00 p . m . the follow.ng day, plus Fuel Adjuatmeut 

\ chargo in accordance with section 10. 

(c) A un i t charge a t the. basic rate o f R s . 1.75 per unit for 
unt ie consumed within tho hours from 0.00 p:m.tu 
9 .00 p .m. each day plus Fuel Adjus tment Chargo in 
accordance with Section 10. 

(d) A fixed charge of R s . 200 . 

Hotcia—Time of Day.—Tlio rates Hotel 2 (T .D . ) and Hote l 3 
(T .D . ) sot o u t below shall be app! cable to a supp y of Electricity 
at each individual po int of supp'y used in Hote l s , Restaurants , 
C^fos i j i d othor Similar Premises . 

Rate Hotel 2 (T.D.).—(1) Thi s rate sha!! app ly to supplier 
d e i v o r e d a n d metorod at 400/230 V o l t s n o m nal a n d where the 
assessed d e m a n d is equal to or oxceods 50 K V A . 

(2) T h e m o n t h l y charge for supplies under t h i s traiffshaD 
bo the sum of tho charges (a), (b), (c) and (d) g i v e n below : 

(a) A m a x i m u m demand chargo a t the rate of R s . 50 pel 
K V A of the m a x i m u m domand made duruig tho m o n t h . 

(6) A un i t charge at tho basic ruto of R s . 1.35 per unit fo! 
un i t s consumed within the hours 9.00 p .m. to 0.00 p . m . 
tho fol lowing day, p us Pu'e Adjus tment Charge in. 
accordance w. th Section 10. 

(c) A un i t charge at tho bas c rate o f R s . 1.90 per unit for 
uni ts consumod within tho hours 0.00 p .m. to 9.00 p .m 
each d a y plus. Fuel Adjus tment Charge in accordance 
wi th Sect ion 10. 

(d) A fixod chargo of R s . 200 . 

Rate Hot?l 3 (T.D.).—This rate shall app'y to supplies dolivered 
and motored a t 11,000 volts nominal and a b o v e . 

Tho m o n t h l y charge for supplies under this trariff shall bo the 
sum of the charges (a), (6), (c) and (rf) g.von below : 

(a) A m a x i m u m d e m a n d charge a t tho rato of R s . 45 p^r 
K V A of the m a x i m u m d - m o n d made duruig tho m o n t h . 

(M A uni t chargo t t the basic rate o f K*. 1.20 per unit for 
un i t s consumod within the hours &.00 p.ii:. to G.00 p.m. 
tho fol lowing day, plus Fuel A d j u s t m e n t Chargo in 
accordance with Section 10. 

(<••) A uni t chargo t t the basic rate of R s . 1.75 ;KT unit fof 
un i t s consumed within the hours G.00 p.m to 9.00 p.nx 
ouch day , p'us Fn>l adjus tment churgo m ivccordunco 
Willi Sect ion 10. 

(U) A fix.wl chargo of R s . 200. 

S E C T I O N 9 — D E P O S I T A<Mr>rsT Et -ncnuoiTv ODN-VU-MPI-IOS 

TlioCV-ylon E lec tr i c i ty Board shal I obtnin from all its consumers 
» dopoeit 'rqual t o tho oe«oo-">d cost of electricity consumpt ion 
for rh'iv» >a >nth' . agairnr. , -kvri?it .y ooa-jumed. 

S B C T I O N 1 0 — F a " x A T - I I ' S T M B N T CHAROF. 

Tlie oxponsos incurred on account of fuel in tho generation 
o f e lectrici ty w i t h tho use of potroloum fuel or coal or jiotrolouni 
(jas shall bo recovered from consumers, by w a y of a Fuol Adjust
m e n t Charge levied on th« unit* nongnnwt. ornnpt when-
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Except ia casos whoro specifically oxomptod, an averaged 
Tuol adjustment Charge on tlio units shall bo levied monthly in 
iddition to the charges a t the given basic ratos per unit. Tho 
Itimated Fuel Adjustment Charge is zero pornont tor the noxt 
12 months. 

At the end of tho year, the actual fuel cost will be compared 
t:d if any modification is necessary, this will bo mado in the Fuel 
kfjustmetit Charge percentage for the noxt year, or if necessary 
i more froquent modification will be made. 

At tho boginning of each subsequent year or as found necessary, 
iho estimatod Fuel Adjustment Charge porcontago applicable 
for that year or poriod will be annduncod by the Ceylon 
Electricity Board. 

P E F D O T I O N S AND CLABEFICATI0N8 

(1) The ' Monthly Charge ' and ' Fuel Adjustroont Cha rge ' 
fcalt be based on the routine meter readings which shall 
fce taken a t approximately 30 day intervals. Where such 
I adings have not, boen taken, assessments of the consumption 
I all be made by the General Manager of the Coylon Electricity 
Bo rd and used for computation of tho monthly charge «Jid 
|U;>1 Adjustment Charge. 

(2) When the date of commencement of supply is other than 
l! e normal routine motor roading dato, tho unit chargo 6hall 
Kmain «a before, while the'maximum, demand charge shall be 

_ lev iod on a pro-rata basis depending on the period after 
ijflkpnnection of supply. 

(3) The maximum demand in Kilovolt-ampores (KVA) for 
lay month shall, depending on the instrument used, be— 

(a) The highest number, of amperes registered by the demand 
indicator multiplied by the current transformer ratio 
and the declared Voltage and divided by 1000. 

OR ' 
(6) The highest demand in Kilovolt-empores recorded in tho 

month as measured ovor successive periods of not loss 
than 15 minutee. 

la oas9 the recorded maximum demand in KVA is not a whole 
• ' imber. the maximum demand chargeable shall be tho next 
ligher whole numbor in KVA. 

(4) The expression * Contract Demand ' in Kilovolt amperes 
nenns the total sorvioo capacity required by tho consumer as 
leolarod in tho original agroomont or as subsoquontly varied, 
inoh coi Vac t demand being not los6 than the actual maximum 
lemand made or likely to be made from t ime to t ime. The 

contract demand shall not bo reduced from tho agreed value 
unt i l after the expiry of 12 months from tho d;ite of such agree
ment . 

(5) The ' u n i t ' usod in tho context of energy charges shall be a 
Kilowatt-hour (KWH). 

MISCELLANEOUS CHARGES 

(1) Installation Testing— 
(a) First test ing of now installation and oxtensions 

to installation . • . . Free 
(6) Each additional testing, if first testing is 

unsatiafactory— 

Single phase installation . . . . Rs . 60 
Three phase installation • . . Rs . 160 

(2) Meter Testing— 

Testing motor a t consumer's request (if the . 
inaccuracy of the miner exceeds plus Or minus 2J 
porcont, the feo will be refunded) . . Rs. 100 

/3) Charges for Delays in Payment— 

I n tho event of a consumer being in arrears of his electricity 
bill for a poriod oxcoeding two months a dis-connoction ordor 
is issued. In the event of an issue of a disconnection order, 
a surcharge of 10% of the outstanding amount will be applied 
together wi th a charge of Rs. 100/- for roconnection of supply. 

(4) Charges for Breach of Regulations— 

If a consumer violates any of the regulations or conditions 
under whicli^supply has been provided (for oxumplo, tampering 
with meters, breaking of c u t o u t seals Or motor seals etc.) 
achargi- of Rs . 2,000/- will bo lovied in addition to the installa
tion biting liable for disconnection. Further, any unmatured 
consumption will bo assossod and recovered from tho consumer 
onabas isofassoss inent to bo determined by the General Man
ager, Ceylon Eluctiicity Board. Tho p>iiod and method of 
assossment shall bo at tho discretion of the General Monugor, 
Coylon Electricity Board. _̂  

(6) Reconneclion Fee after Disconnection at Consumer's Request— 
Reconnecting tho supply aftor supply had boon 
' disconnected a t tho roquostoftho some consumer. . Rs . 100 

Tariffs, chargos and fees published in any provious notices 
applying to consumers fed from tho national grid are horeby-
revoked. 
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ANNEX - L 

PIPELINE DESIGN EXAMPLES 

EXAMPLE 1 DUAL OR SINGLE PIPELINE 

2 MOST ECONOMICAL PUMPING MAIN 

TABLE - L . l EXAMPLE 2. CALCULATIONS 



PIPELIKE DESIGN EXAMPLES 

ANNEX L 

^•22E!j.£_i 5y^i_2L_§iQSl?_EiE!5liD^ 

Decision required whether to construct gravity pipeline in single phase, now 

for 6000 n3/d or in 2 stages as shown. 

Projected sax Laura day demand curve: 

MOO 

4 
o 
«< 

5000 

MOO 
1990 

§3sic_AssunpJ:^oris 

1. Coraplete cost of DI pipeline 

225 on Rs.3100/m 
250 ora 3 5 0 0 / B 

300 ma 4400/n 

STAGE 2 

2010 

YEAR 

2. Range in possible interest (discount) rates 8?> - 15? p.a. 

3. Hazeri-Willians C-value = 120 

Hydraulie Gradient 

Available Head 
Pipeline length 
Available H^ 

U30 

40 n 
50004*: ->>-:; 
•40/5000 := 6 «/1000 a 

A l lo* LOSS for ninor l o s s e s 
Net avai lable Hj = 0 .9 x 8 7 .2 • /1000 

I - 1 
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A l t e r n a t i v e 1 S ing le p ipe 1990 for 8000 **/<! (93 i/s> 

Capacity Ve_loci_ty 

Try Z50 DID 
300 DEI 
350 BR 

61 l/s 
98 l/s 
148 l/s 

1.24 R/S 
1.39 B/S 
1.53 n/s 

Therefore select 300 ran pipe 

Check for low initial flow rate: 

At 4000 a3/d (46 l/s) V = 0.65 B/S. (above air.inum of 0.6 B/S) 

Alternative 2 1st stage 1990 for 5000 »3/d (58 l/s) ; 
2nd stage 2000 for 3000 n3/d (.35 l/s) 

Capacity. Velocity 

1st stage 

Try 225 BB 
250 am 

46 l/s 
61 l/s 

1.16 o/s 
1.24 R/S 

Therefore select 250 na pipe 

2nd stage 

Try 200 DD 34 l/s 
225 BD 46 l/s 

Therefore select 225 nn pipe . 

Present Value 

Expenditure 

1.08 R/S 
1.16 B/S 

Year 

1990 
2000 

Alternative 1 

Anount 
Iten (Rs.nillion) 

5000 a of 300 BB 22.0 

Total expenditure ̂  "22.0 

Present value PV^ = 22.0 

Alternative 2 

Aaount 
Ite» (Rs.Bill ion) 

5000 a of 250 BB 17.5 
5000 B of 225 BB 15.5 

33.6 

PV2 = 17.5 + 15s5 
(1 + r) n 

(where r = 0.08 to 0.15 
and art = 10 years) 

PV2 ( m pa) = 24.68 
PV2 (10?> p.,) = 23.48 
PV2 (12?> p.,) = 22.49 
PV2 (15? pa) = 21.33 



Conclusions 

Assuming discount rate is below 13% the least cost solution is for single 
phase construction. 

Other factors to consider: 

route nay he difficult or congested to lay 2 pipelines; o 

o 

o 

o 

dual pipelines will allow shut-down for pipeline aaintenance 
without interruption of supply; 

dual pipeline will (in this case) give 9£ aore flow; 

deaand forecast say change — reduction in destand would favour 
staged approach. 

Exaaple 2 M25t_!l£2̂ 2B!S::*I_i?ŷ £lD8_MfaiL, 

(Source: Adapted from Twort, Water Supply) 

• Reservoir 

Pumping 
station uu 22S00m/d (maximum) 

Average — 
pumping level 

-16km-

Find the ctost econonic puaping nain for a aaxiaua flow of 22500 
n'/d and an average flow of 20,000 vr/d for a static of 55 B 
through 1G km of nain. Use the following data: 

cost of pipeline = Rs.300 per n per 25 oia dianeter 
cost of punps = Rs.50,()00 per kW installed power-
cost of power (all in) = Rs.1.90 per kWh 
annual charges on capital ~ 12% 
total installed"i^wer-^ 150% of required power (i.e.50? standby) 

Calculations for various sizes of nains can be tabulated as shown on 
Table L.l. 

-3-



T a b l e L . l 

Exara£>jre_2J_Caj^cul.^i_iorig 

Trial Diameter of aain (DB) 

600 67.c Kot.es 

M e t h o d l 

! Static lift (a) 
Friction (approximate) (a)(C = 120> 
Total head on puaps (a) 

Installed power of puaps (water 
! horsepower) for maxiaua flow rate j 
\ + 50?> standby (kW) ' 

: Power used at average rate x 0.73 
I efficiency x 0.85 power factor (kW) 

I Cost of main (Rs.aillion) 
| Cost of punps (Rs.nillion) 
Total capital 

, Annual charges on capital at 12% 
• AnnuaI power charges at Rs.1.90 
iper kWh 
;Total annual cost 

Method_2 

By discounting at 12& for 40 years: 

Cost of aain 
Cost of punps 
Renewal of puaps after 20 years 
(discount factor = 0.1037) 
Power charges for 40 years 
i(discount factor = 8.24) 
TotaI net present cost 

55 
50 

105 

55 
26 
81 

55 
15 
70 

402 

383 

310 

296 

268 

256 

100.8 115.2 129.6 
_2A^1 _1§J> _1<L1 
124.9 133.6 145.7 

14.99 16.06 17.48 
6.37 4 .93 4.26 

21.36 20.99 21.74 

100.60 115.20 129.60 
24.10 18.60 16.10 

2.50 1.93 1.67 

52.49 40.60 35.10 

179.89 176.33 182.47 

<2),(3) 

Notes: -̂ .•.r.T̂ p-r,/-.- -

(1) 1 kW = 0.1134 QH where Q is in n3/d and h is in aetres. (Note: 1 
kgwt x 1 o/s = 9.81 watts). 

(2) P'.mp efficiency 61?,; Motor efficient/ 'M %; Overall eff icî nc-v 7.V. 

(3) 1/0.73 x 1/0.85 >: 0.1134 QH where Q is average fl.w of 20000 a*/\J 

(4) Power against'noi.e (3) x 24 hours x 365 iays x Rs.1.90 

(5) Discount factors (See Tables L.2 LO L.5) 

-4-
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The 600 nn diameter pipe is shown to be the most favourable by both 
methods. It will be noted, however, that the discounting method 
does not show the actual amount of the extra cost per annuo in 
choosing one pipe in preference to another. For a 675 mm pipe the 
extra cost per annua is Rs.750,000 and it night be thought it is 
worth shouldering this extra annual payment to have the largest 
sized nain, in case a greater demand than expected occurs or in case 
the friction increases note than expeted. However, this oust be 
viewed in the light of the extra capital cost for the larger pain. 

Once a first calculation of this nature has been Bade, then a closer 
examination of the problea in detail oust be carried out because 
there will be soae assumptions which must be rectified. Aaongst the 
factors which will need to be examined are the following; 

(1) Will the different pressures on the 5Z5, 600, and 675 mm wains 
require one main to be of a stronger class than another? If so, we 
cannot apply a rule of thunb price related to their diameter, but 
must price the lines individually taking into account the more 
expensive pipes required for the higher pressure. 

(2) What will be the effect of the first 10 or 20 years life of the 
main giving a higher coefficient of friction C in the Hazen— 
Williams formula and therefore a lesser friction head? 

(3) What is the effect of possible increases in the cost of power? 

(4) What is the effect of different discount rates? 

(5) What is the effect of an output which starts at, say 5000 n3/d 

and increases year by year at the rate of 3000 crVd pe** annuo 

until the maximum average output of 20,000 n'-yd is reached and 

maintained? 

(6) What is the likely further developiaent when the demand exceeds 
the output of the source? Will the pipeline be required to carry 
more water from an additional source for the whole or part of its 
length? 

I 
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ANNEX - N 

ECONOMIC ANALYSIS - PRESENT VALUE CALCULATION 

TABLE N. l 

TABLE N.2 

TABLE N.3 

TABLE N.4 

TERMINAL VALUE OF A SINGLE SUM 
AT COMPUND INTEREST 

PRESENT VALUE OF A SINGLE SUM 

PRESENT VALUE OF AN ANNUITY 

SINKING FUND 



ANNEX - N 

ECONOMIC ANALYSIS - PRESENT VALUE CALCULATION 

Assume: 

a. Ini t ial cost of pumps, C = Rs. 100.000/-

b . Service life of pumps, nl = 15 years 

c. Annual 08M cos t s : 

c . l Labour L = Rs. 10 ,000/-

c .2 Elec t r ic power. P = Rs. 12 .000/ - i n i t i a l l y . Rs . 2 0 , 0 0 0 / - at design year 

d. Discount r a t e , r = 9 % 

e. Design pe r iod , n„ = 20 years 

Present Value. PV= — ? 
(1 • r ) n 

• 

Solution: 

a. Present Worth of Capital Cost 

Ini t ia l Cost Rs. 100,000 

Present value of pumps replaced in 15 y e a r s : 

Replacement Cost PV = 1 0 0 , 0 0 0
 1 5 

(1+0.09) 1 = 27.450 

Present value of Capital Investment Rs. 127.450 

Less present value of pumps salvaged at end of design 
pe r iod : 

= Rs. 33.330 

= Rs. 5,950 

c . . Rs . 100.000 
Salvage value = : 

15 years 

Present value of salvage value 

(5 y r s ) 

33,330 
(i • o.o9ru 

Net Present value of Capital Investment = Rs. 121,500 

Present Value of OSM Cost 

Present value of labour PV = L x (1 » r ) n - 1 = R s 1 0 0 0 0 x ( 1 + n . n 9 )
2 0 - i 

r (1 + r ) n (0 .09) (1+0 .09) 2 0 

= Rs. 91,280 

Present value of e lec t r ica l power includes uniform cost of power 
at Rs. 12 ,000 /y r . and gradient cost ofRs. 400 /y r . 

Present value of uniform power cost = Rs. 12.000 (9.128) = Rs. 109,540 

Present value of gradient power cost , G 5 ( W £ ^ L _ I i - 20^ 
r (Ur)n • V / 

= Bn. 400 _ / / ^ 0 . 0 9 ) 2 0 - l V 20V Rs . 2 4 ,7 1 0 
(0 .09) (1+0.Oif \ \ 0.09 j / J 

Present value of OQM Rs.225,530 

Total Present value of Capital and OQM Rs. 347.030 
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TABU; I . TFRMINAL VAI.UI-! 

The amount to whi 

n 
(years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 

( i 35* v ^ 40 
45 
50 
55 
60 

n 
(years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

^ 14 
W 15 

16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
55 
60 

SOURCE, 

10 

10100 
10201 
1 0303 
1 0406 
10510 
10615 
10721 
10829 
10937 
11046 
1-1157 
1-1268 
11381 
1-1495 
1-1610 
1-1726 
1-1843 
11961 
1-2081 
1-2202 
1-2824 
1-3478 
1-4166 
1-4889 
1-5648 
1-6446 
1-7286 
1-8167 

6-0 

10600 
1-1236 
11910 
1-2625 
1-3382 
1-4185 
1-5036 
1 -5938 
1-6895 
1-7908 
1-8983 
20122 
21329 
2-2609 
2-3966 
2-5404 
2-6928 
2-8543 
3-0256 
3-2071 
4-2919 
5-7435 
7-6861 
10-286 
13-765 
18-420 
24-650 
32-988 

TABLES 

TABLE N .1 

OF A SIN'GI.I- SUM AT 

•h £1 will increase in n ye 

1-5 

10150 
1-0302 
1-0457 
1-0614 
1-0773 
10934 
11098 
11265 
11434 
11605 
1-1779 
11956 
1-2136 
1-2318 
1-2502 
1-2690 
1-2880 
1-3073 
1-3270 
1-3469 
1-4509 
1-5631 
I -6839 
1-8140 
1-9542 
21052 
2-2679 
2-4432 

6-5 

10650 
11342 
1 -2079 
1-2865 
1-3701 
1-4591 
1-5540 
1-6550 
1 -7626 
1-8771 
I -9992 
21291 
2-2675 
2-4149 
2-5718 
2-7390 
2-9170 
3-1067 
3-3086 
3-5236 
4-8277 
6-6144 
9-0623 
12416 
17011 
23-307 
31-932 
43 750 

2 0 

1-0200 
1 0404 
10612 
1-0824 
11041 
11262 
11487 
1-1717 
11951 
1-2190 
1-2434 
1-2682 
1-2936 
1-3195 
1-3459 
1-3728 
1 -4002 
I -4282 
1-4568 
1-4859 
1-6406 
1-8114-

. 1-9999 
2-2080 
2-4379 
2-6916 
2-9717 
3-2810 

7 0 

1-0700 
11449 
1-2250 
1-3108 
1-4026 
1-5007 
1-6058 
1-7182 
1-8385 
1-9672 
21049 
2-2522 
2-4098 
2-5785 
2-7590 
2-9522 
3-1588 
3-3799 
3-6165 
3-8697 
5-4274 
7-6123 
10-677 
14-974 
21-002 
29-457 
41-315 
57-946 

COMPOUND INTKRFST 

irs with interest rate r per 

2-5 

10250 
10506 
1 0769 
11038 
11314 
11597 
11887 
1-2184 
1-2489 
1-2801 
1-3121 
1-3449 
1-3785 
1-4130 
1-4483 
1-4845 
1-5216 
1-5597 
1-5986 
1-6386 
1-8539 
20976 
2-3732 
2-6851 
3-0379 
3-4371 
3-8888 
4-3998 

7-5 

1-0750 
1-1556 
1-2423 
1-3355 
1-4356 
1-5433 
1-6590 
1-7835 
1-9172 
2-0610 
2-2156 
2-3818 
2-5604 
2-7524 
2-9589 
31808 

. 3-4194 
3-6758 
3-9515 
4-2479 
60983 
8-7550 
12-569 
18 044 
25-905 
37-190 
53-391 
76 649 

innum -- (1 -

Interest % (=IOOr) 

3 0 

1-0300 
1 0609 
10927 
1-1255 
11593 
1-1941 
1-2299 
1-2668 
1-3048 
1-3439 
1-3842 
1-4258 

. 1-4685 
1-5126 
1-5580 
1-6047 
1-6528 
1-7024 
1-7535 
1-8061 
2-093.8 
2-4273 
2-8139 
3-2620 
3-7816 
4-3839 
5-0821 
5-8916 

3-5 

1-03 50 
10712 
1-1087 
1-1475 
1-1877 
1-2293 
1-2723 
1-3168 
1-3629 
1-4106 
1-4600 
1-5111 
1-5640 
1-6187 
1-6753 
1-7340 
1-7947 
1-8575 
1-9225 
1-9898 
2-3632 
2-8068 
3-3336 
3-9593 
4-7024 
5-5849 
66331 
7-8781 

Interest % ( = 100/-) 

8 0 

1-0800 
11664 
1-2597 . 
1-3605 
1-4693 
1-5869 
1-7138 
1-8509 
1-9990 
2-1589 
2-3316 
2-5182 
2-7196 
2-9372 
31722 
3-4259 
3-7000 
3-9960 
4-3157 
4-6610 
6-8485 
10063 
14-785 
21-725 
31-920 
46902 
68 914 
101-26 

1 . 4 AN INTRODUCTION TO ENGINEERING 

9 0 

1-0900 
11881 
1-2950 
1-4116 
1-5386 
1-6771 
1-8280 
1 -9926 
21719 
2-3674 
2-5804 
2-8127 
3-0658 
3-3417 
3-6425 
3-9703 
4-3276 
4-7171 
51417 
5-6044 
8-6231 
13-268 
20 414 
31-409 
48-327 
74-358 
114 41 
176 03 

-r)". (Sec 

4 0 

1-0400 
10816 
1-1249 
11699 
1-2167 
1-2653 
1-3159 
1 -3686 
1-4233 
1 -4802 
1-5395 
1-6010 
1-6651 
1-7317 
1 -8009 
1-8730 
1 -9479 
20258 
21068 
2-1911 
2-6658 
3-2434 
3-9461 
4-8010 
5-8412 
7-1067 
8-6464 
10-519 

100 

1-1000 
1-2100 
1-3310 
1-4641 
I-6I05 
1-7716 
1-9487 
2-1436 
2-3579 
2-5937 
2-8531 
3-1384 
3-4523 
3-7975 
41772 
4-5950 
50545 
5-5599 
61159 
6-7275 
10-835 
17-449 
28-102 
45-259 
72-890 
117-39 
18906 
304-50 

ECONOMICS , 1 C E . 

note A) 

4-5 

I 0450 
1 0920 
1-1412 
11925 
1 -2462 
1-3023 
1-3609 
1-4221 
1-4861 
1-5530 
1-6229 
1 6959 
1-7722 
1-8519 
1-9353 
2 0224 
2-1134 
2-2085 
2-3079 
2-4117 
3 0054 
3-74-53 
4-6673 
5-8164 
7-2482 
90326 
11-256 
14027 

12-0 

11200 
1-2544 
1-4049 
1-5735 
1-7623. 
1-9738 
2-2107 
2-4760 
2-7731 
31058 
3-4785 
3-8960 
4-3635 
48871 
5-4736 
61304 
68660 
7-6900 
8-6128 
9-6463 
17-000 
29-960 
52-800 
93051 
16399 
289 00 
509 32 
8'>7 59 

1969 

5-0 

1 0500 
11025 
1-1576 
1-2155 
1-2763 
1-3401 
1-4071 
1-4775 
1-5513 
1-6289 
1-7103 
1-7959 
1-8856 
1 -9799 
2 0789 
2-1829 
2-2920 
2-4066 
2-5269 
2-6533 
3-3864 
4-3219 
5-5160 
7 0400 
8-9850 
11 -467 
14636 
18679 

15-0 

11500 
1-3225 
1-5209 

-1-7490 
2-0114 • 
2-3131 
2-6600 
3-0590 
3-5179 
4-0456 
4-6524 
5-3502 
6-1528 
7-0757 
81371 
9-3576 
10-761 
12-375 
14-232 
16-367 
32-919 
66-212 
13318 
267-86 
538-77 
1083-7 
2179-7 
4384-1 

5-5 

10550 
11130 
1-1742 
1-2388 
1-3070 
1-3788 
1-4547 
1-5347 
1-6191 
1-7081 
1-8021 
1-9012 
20058 
21161 
2-2325 
2-3553 
2-4848 
2-6215 
2-7656 

• 2-9178 
3-8134 
4-9840 
6-5138 
8-5133 
11-127 
14-542 
19 006 
24-840 

2 0 0 

1-2000 
1-4400 
1-7280 
20736 
2-4883.. 
2-9860 
3-5832 
4-2998 
5T598 
61917 
7-4301 
8-9161 
10-699 
12-839 
15-407 
18-488 
22-186 
26-623 
31-948 
38-338 
95-396 
237-38 
590-67 
1469-8 
3657-3 
9100-4 
22644 
56346 
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T A B L E N . 2 

TAW.I- 2 . ]'Ri;.SI:NT VAI.Ui; OF A SINGIX SUM 

» 

The present value of 

n 
(years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 

L 45 
| 50 
' 55 

60 

n 
(years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

1 19 
' 20 

25 
30 
35 
40 
45 
50 
55 
60 

1 

0-99010 
0-98030 
0-97059 
0-96098 
095147 
0-94205 
0-93272 
0-92348 
0-91434 
0-90529 
089632 
0-88745 
0-87866 
0-86996 
0-86135 
0-85282 
0-84438 
0-83602 
0-82774 
0-81954 
0-77977 
0-74192 
0-70591 
0-67165 
0-63905 
0-60804 
0-57853 
0-55045 

6 

0-94340 
0-89000 
0-83962 
0-79209 
0-74726 
0-70496 
0-66506 
0-62741 
0-59190 
0-55839 
0-52679 
0-49697 
0-46884 
0-44230 
0-41727 
0-39365 
0-37136 
0-35034 
0-33051 
0-31180 
0-23300 
017411 
0-130II 
0 09722 
007265 
0 05429 
0 04057 
0 03031 

£1 n years h 

15 

0-98522 
0-97066 
0-95632 
0-94218 
0-92826 
0-91454 
0-90103 
0-88771 
0-87459 
0-86167 
0-84893 
0-83639 
0-82403 
0-81185 
0-79985 
0-78803 
0-77637 
0-76491 
0-75361 
0-74247 
0-68921 
0-63976 
0-59387 
0-55126 
0-51171 
0-47500 
0-44093 
0-40930 

6-5 

0-93897 
0-88166 
0-82785 
0-77732 
0-72988 
0-68533 
0-64351 
0-60423 
0-56735 
0-53273 
0-50021 
0-46968 
0-44102 
0-41410 
0-38883 
0-36510 

. 0-34281 
0-32189 
0-30224 
0-28380 
0-20714 
015119 
011035 
0-08054 
005879 
0-04291 
0-03132 
0-02286 

ence, when < 

2 

0-98039 
096117 
0-94232 
0-92385 
0-90573 
0-88797 
0-87056 
0-85349 
0-83676 
0-82035 
0-80426 
0-78849 
0-77303 
0-75788 
0-74301 
0-72845 
0-71416 
0-70016 
0-68643 
0-67297 
0-60953 
0-55207 
0-50003 
0-45289 
0-41020 
0-37153 
0-33650 
0-30478 

7 

0-93458 
0-87344 
0-81630 
0-76290 
0-71299 • 
0-66634 
0-62275 
0-58201 
0-54393 
0-50835 
0-47509 
0-44401 
0-41496 
0-38782 
0-36245 
0-33873 
0-31657 
0-29586 
0-27651 
0-25842 
018425 
013137 
0-09366 
006678 
004761 
0-03395 
0-02420 
001726 

liscountcd a( 

2-5 

0-97561 
095181 
0-92860 
0-90595 
0-88385 
0-86230 
0-84127 
0-82075 
0-80073 
0-78120 
0-76214 
0-74356 
0-72542 
0-70773 
0-69047 
0-67363 
0-65720 
0-64117 
0-62553 
0-61027 
0-53939 
0-47674 
0-42137 
0-37243 
0-32917 
0-29094 
0-25715 
0-22728 

7-5 

0-93023 
0-86533 
0-80496 
0-74480 
0-69656 
0-64796 
0-60275 
0-56070 
0-52158 
048519 
045134 
0-41985 
0-39056 
0-36331 
0-33797 
0-31439 
0-29245 
0-27205 
0-25307 
0-23541 
016398 
011422 
007956 

. 0-05542 
003860 
002689 
001873 
001305 

interest rate / 

Interest y 

3 

0-97087 
0-94260 
091514 
0-88849 
0-86261 
0-83748 
0-81309 
0-78941 
0-76642 
0-74409 
0-72242 
0-70138 
0-68095 
0-66112 
0-64186 
0-62317 
0-60502 
0-58739 
0-57029 
0-55368 
0-47761 
0-41199 
0-35538 
0-30656 
0-26444 
0 22811 
019677 
016973 

per annum 

(=)00r) 

3-5 

0-96618 
093351 
0-90194 
0-87144 
0-84197 
0-81350 
0-78599 
0-75941 
0-73373 
0-70892 
0-68495 
0-66178 
0-63940 
0-61778 
0-59689 
0-57671 
0-55720 
0-53836 
0-52016 
0-50257 
0-42315 
0-35628 
0-29998 
0-25257 
0-21266 
0-17905 
0-15076 
0-12693 

Interest % (=100/-) 

8 

0-92593 
0-85734 
0-79383 
0-73503 
0-68058 
0-63017 
0-58349 
0-54027 
0-50025 
0-46319 
0-42888 
0-39711 
0-36770 
0-34046 
0-31524 
0-29189 
0-27027 
0-25025 
0-23171 
0-21455 
0-14602 
0-09938 
0-06763 
0-04603 
003133 
0-02132 
0-01451 
0-00988 

9 

0-91743 
0-84168 
0-77218 
0-70843 
0-64993 
0-59627 
0-54703 
0-50187 
0-46043 
0-42241 
0-38753 
0-35553 
0-32618 
0-29925 
0-27454 
0-25187 
0-23107 
0-21199 
019449 
017843 
011597-
0-07537 
0-04899 
0-03184 
0-02069 
0-01345 
0-00874 
000568 

= (!+/-)-«. 

4 

0 96154 
0-92456 
088900 
0-85480 
0-82193 
0-79031 
,0-75992 
0-73069 
0-70259 
0-67556 
0-64958 
0-62460 
0-60057 
0-57748 
0-55526 
0-53391 
0-51337 
0-49363 
0-47464 
0-45639 
0-37512 
0-30832 
0-25342 
0-20829 
017120 
014071 
011566 
0-09506« 

10 

0-90909 
0-82645 
0-75131 
0-68301 
0-62092 
0-56447 
0-51316 
0-46651 
0-42410 
0-38554 
0-35049 
0-31863 
0-28966 
0-26333 
0-23939 
0-21763 
0-19784 
0-17986 
0-16351 
0-14864. 
.0-09230 
0-05731 
0-03558 
0-02209 
0-01372 
0-00852 
0-00529 
0-00328 

(Sec note n) 

4-5 

0-95694 
0 91573 
0-87630 
083856 
0-80245 
0-76790 
0-73483 
0-70319 
0-67290 
0-64393 
0-61620 
0-58966 
0-56427 
0-53997 
0-51672 
0-49447 
0-47318 
0-45280 
0-43330 
0-41464 
0-33273 
0-26700 
0-21425 
017193 
013796 
0-11071 
008884 
0-07129 

12 

0-89286 
0-79719 
0-71178 
0-63552 
0-56743 
0-50663 
0-45235 
0-40388 
0-36061 
0-32197 
0-28748 
0-25668 
0-22917 
0-20462 
018270 
016312 
014564 
013004 
011611 
010367 
0-05882 
0-03338 
001894 
0-01075 
0-00610 
0-00346 
0-00196 
000111 

5 

0-95238 
0-90703 
086384 
0-82270 
0-78353 
0-74622 
0-71068 
0-67684 
0-64461 
0-61391 
0-58468 
0-55684 
0-53032 
0-50507 
0 48102 
0-45811 
0-43630 
0-41552 
0-39573 
0-37689 
0-29530 
0-23138 
018129 
014205 
011130 
008720 
006833 
0-05354 

15 

0-86957 
0-75614 
0-65752 
0-57175 
0-49718 
0-43233 
0-37594 
0-32690 
0-28426 
0-24718 
0-21494 
0-18691 
016253 
014133 
012289 
010686 
0-09293 
0-08081 
007027 
0-06110 
0-03038 
0-01510 
0-00751 
0-O0373 
0-O0186 
0-00092 
0-00044 
0-00023 

5-5 

0-94787 
0-89845 
085161 
0-80722 
0-76513 
0-72525 
068744 
0-65160 
0-61763 
0-58543 
0-55491 
0-52598 
0-49856 
0-47257 
0-44793 
0-42458 
0-40245 
0-38147 
0-36158 
0-34273 
0-26223 
0-20064 
015352 
011746 
0-08988 
0-06877 
005262 
0-04026 

20 

0-83333 
0-69444 
0-57870 
0-48225 
0-40188 
0-33490 
0-27908 
0-23257 
019381 
016151 
013459 
011216 
0-09346 
0-07789 
006491 
005409 
0-04507 
0-03756 
0-03130 
0-02608 
0-01048 
0-00421 
0-00169 
0-00068 
0-00027 
0-00011 
0-00004 
0-00002 
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T A B L E N - 3 

TABU- 3 . PRESENT VALUE OE AN ANNUITY 

The present value of £1 per annum for n years when discounted at interest rate r per annum ={(! —(I +r)-n)/r). (Sec note C) 
The amount per annum to redeem a loan of £1 at the end of n years and provide interest on the outstanding balance at r per annum 
can be determined from the reciprocals of values in this table. (See note D) 

Interest % (=100/-) 

n 
(years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
55 
60 

1 

0-9901 
1-9704 
2-9410 
3-9020 
4-8534 
5-7955 
6-7282 
7-6517 
8-5660 
9-4713 

10-3676 
11-2551 
12-1337 
13-0037 
13-8650 
14-7179 
15-5622 
16-3983 
17-2260 
18-0455 
22-0231 
25-8077 . 
29-4086 
32-8347 
36-0945 
39-1961 
42-1472 
44-9550 

1-5 

0-9852 
1-9559 
2-9122 
3-8544 
4-7826 
5-6972 
6-5982 
7-4859 
8-3605 
9-2222 

100711 
10-9075 
11-7315 
12-5434 
13-3432 
14-1313 
14-9076 
15-6725 
16-4262 
17-1686 
20-7196 
24 0158 
27-0756 
29^9158 
32-5523 
34-9997 
37-2715 
39-3803 

2 

0-9804 
1-9416 
2-8839 
3-8077 
4-7135 
5-6014 
6-4720 
7-3255 
8-1622 
8-9826 
9-7868 

105753 
11-3484 
121062 
12-8493 
13-5777 
14-2919 
14-9920 
15-6785 
16-3514 
19-5234 
22-3964 
24-9986 
27-3555 
29-4902 
31-4236 
331748 
34-7609 

2-5 

0-9756 
1-9274 
2-8560 
3-7620 

' 4-6458 
5-5081 
6-3494 
7-1701 
7-9709 
8-7521 
9-5142 

10-2578 
10-9832 
11-6909 
12-3814 
13-0550 
13-7122 
14-3534 
14-9789 
15-5892 
18-4244 
20-9303 
231452 
25-1028 
26-8330 
28-3623 
29-7140 
30-9087 

3 

0-9709 
1-9135 
2-8286 
3-7171 
4-5797 
5-4172 
6-2303 
7-0197 
7-7861 
8-5302 
9-2526 
9-9540 

10-6350 
11-2961 
11-9379 
12-5611 
13-1661 
13-7535 
14-3238 
14-8775 
17-4131 
19-6004 
21-4872 
23-1148 
24-5187 
25-7298 
26-7744 
27-6756 

3-5 

09662 
1-8997 
2-8016 
3-6731 
4-5151 
5-3286 
61145 
6-8740 
7-6077 
8-3166 
90015 
9-6633 

10-3027 
10-9205 
11-5174 
12-0941 
12-6513 
13-1897 
13-7098 
14-2124 
16-4815 
18-3920 
20 0007 
21-3551 
22-4954 
23-4556 
24-2641 
24-9447 

4 

0-9615 
1-8861 
2-7751 
3-6299 
4-4518 
5-2421 
6-0021 
6-7327 
7-4353 
8-1109 
8-7605 
9-3851 
9-9856 

10-5631 
11-1184 
11-6523 
12-1657 
12-6593 
131339 
13-5903 
15-6221 
17-2920 
18-6646 
19-7928 
20-7200 

-21-4822 
22-1086 
22-6235 

4-5 

0-9569 
1-8727 
2-7490 
3-5875 
4-3900 
5-1579 
5-8927 
6-5959 
7-2688 
7-9127 
8-5289 
91186 
9-6829 

10-2228 
10-7395 
11-2340 
11-7072 
12-1.600 
12-5§33 
13 0079 
14-8282 
16-2889 
17-4610 
18-4016 
191563 
19-7620 
20-2480 
20-6380 

5 

0-9524 
1-8594 
2-7232 
3-5460 
4-3295 
50757 
5-7864 
6-4632 
7-1078 
7-7217 
8-3064 
8-8633 
9-3936 
9-8986 

10-3797 
10-8378 
11-2741 
11-6896 
12-0853 
12-4622 
14-0939 
15-3725 
16-3742 
17-1591 
17-7741 
18-2559 
18-6335 
18-9293 

5-5 

0-9479 
1-8463 
2-6979 
3-5052 
4-2703 
4-9955 
5-6830 
6-3346 
6-9522 
7-5376 
8-0925 
8-6185 
9-1171 
9-5896 

100376 
10-4622 
10-8646 
11-2461 
11-6077 
11-9504 
13-4139 
14-5337 
15-3906 
16-0461 
16-5477 
16-9315 
17-2252 
17-4500 

Interest % ( = 100/-) 

n 
(years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
55 
60 

6 

0-9434 
1-8334 
2-6730 
3-4651 
4-2124 
4-9173 
5-5824 
6-2098 
6-8017 
7-3601 
7-8869 
8-3838 
8-8527 
9-2950 
9-7122 

101059 
10-4773 
10-8276 
11-1581 
11 -4699 
12-7834 
13-7648 
14-4'J82 
150463 
15-4558 
15-7619 
15-9905 
16-1614 

6-5 

0-9390 
1-8206 
2-6485 
3-4258 
4-1557 
4-8410 
5-4845 
6-0888 
6-6561 
7-1888 
7-6890 
81587 
8-5997 
9-0138 
9-4027 
9-7678 

101106 
10-4325 
10-7347 
110185 
12-1979 
13-0587 
13-6870 
14-1455 
14-4802 
14-7245 
14-9028 
150330 

7 

0-9346 
1-8080 
2-6243 
3-3872 
4-1002 
4-7665 
5-3893 
5-9713 
6-5152 
7-0236 
7-4987 
7-9427 
8-3577 
8-7455 
9-1079 
9-4466 
9-7632 

100591 
103356 
10-5940 
11-6536 
12 4090 
129477 
13-3317 
13 6055 
13-8007 
13-9400 
140392 

7-5 

0-9302 
1-7956 
2-6005 
3-3493 
40459 
4-6938 
5-2966 
5-8573 
6-3789 
6-8641 
7-3154 
7-7353 
81258 
8-4892 
8-8271 
91415 
9-4340 
9-7060 
9-9591 

101945 
11-1469 
11SI04 
12-2725 
12-5lM4 
12-8186 
12-9748 
130S36 
131594 

8 

0-9259 
1-7833 
2-5771 
3-3121 
3-9927 
4-6229 
5-2064 
5-7466 
6-2469 
6-7101 
7-1390 
7-5361 
7-9038 
8-2442 
8-5595 
8-8514 
91216 
9-3719 
9-6036 
9-8181 

10-6748 
11-2578 
11 -6546 
11-9246 
121084 
12-2335 
12-3186 
12-3766 

9 

0 9174 
1-7591 
2-5313 
3-2397 
3-8897 
4-4859 
5O330 
5-5348 
5-9952 
6-4177 
6-8052 
7-1607 
7-4869 
7-7862 
8O607 
8-3126 
8-5436 
8-7556 
8-9501 
9-1285 
9-8226 

10-2737 
10-5668 
10-7574 
10-8812 
10-9617 

10 

0-9091 
1-7355 
2-4869 • 
3-1699 
3-7908 
4-3553 
4-8684 
5-3349 
5-7590 
61446 
6-4951 
6-8137 
7-1034 
7-3667 
7-6061 
7-8237 
80216 
8-2014 
8-3649 
8-5136 
3 0710 
9-4269 
96442 
9-7791 
9-8628 
9-9148 

12 

0-8929 
1-6901 
2-4018 
30373 
3-6048 
4-1114 
4-5638 
4-9676 
5-3282 
5-6502 
5-9377 
6-1944 
6-4235 
6-6282 
6-8109 
6-9740 
71196 
7-2497 
7-3658 
7-4694 
7-8431 
80552 
8 1755 
8-2438 
8-2825 
S3045 

15 

0-8696 
1-6257 
2-2832 
2-8550 
3-3522 
3-7845 
41604 
4-4873 
4-7716 
50188 
5-2337 
5-4206 
5-5831 
5-7245 
5-8474 
5-9542 
60472 
6-1280 
61982 
6-2593 
6-4641 
6-5660 
6-6166 
6-6418 
6-6543 
6-6605 

20 

0-8333 
1-5278 
2-1065 
2-5887 
2-9906 _ 
3-3255 
3-6046 
3-8372 
4O310 
41925 
4-3271 
4-4392 
4-5327 
4-6106 
4-6755 
4-7296 
4-7746 
4-8122 
4-8435 
4-8696 
4 9476 
4 9789 
4 9915 
4 9966 
4 9986 
4-9995 
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T A B L E N .1* 
TABLE 4. SINKING FUND 

The amount per annum for /; years ai interest rate r per annum ncctlcil to accumulate to f I ~{r/((l +/•)"— I)). (See note F) 
The amount to which £1 per annum wil l increase in " years when accumulated at interest rale r per annum can be determined f rom 
the reciprocals o f values in this table. (Sec note E) 

Interest % ( = lOOr) 

n 
(years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
55 
60 

1 

1 00000 
0-49751 
0-33002 
0-24628 
019604 
016255 
013863 
012069 
0-J0674 
0-09558 
008645 
007885 
0-07241 
0-06690 
0 06212 
005794 
005426 
005098 
004805 
004542 
0-03541 
002875 
0-02400 
002046 
0-01771 
001551 
001373 
0 01224 

1-5 

I 00000 
0-49628 
0-32838 
0-24444 
019409 
016053 
0 13656 
011858 
010461 
009343 
008429 
007668 
007024 
0 06472 
005994 
0-05577 
005208 
004881 
004588 
0-04325 
0-03M6 
002f64 
0-O2f93 
001843 
0-01572 
001357 
0-01183 
001039 

2 

1 -00000 
0-49505 
0-32675 
0-24262 
019216 
015853 
013451 
011651 
010252 
009133 
008218 
0 07456 
006812 
0-06260 
005783 
005365 
004997 
0-04670 
0-04378 
004116 
0-03122 
0-02465 
002000 
001656 
001391 
001182 
001014 
000877 

2-5 

1 -00000 
0-49383 
0-32514 
0-24082 
019025 . 
0-15655 
013250 
011447 
0-10046 
008926 
008011 
007249 
006605 
0-06054 
005577 
0 05160 
004793 
0-04467 
0-04176 
003915 
0-02928 
002278 
001821 
001484 
0-01227 
0-01026 
0-00865 
0-00735 

3 

1 00000 
0-49261 
0-32353 
0-23903 
018835 
0-15460 
0-13051 
0-11246 
0-09843 
0-08723 
0-07808 
007O46 
0-06403 
005853 
C-05377 
004961 
0-04595 
0-04271 
0-03981 
003722 
0-02743 
002102 
001654 
001326 
001079 
0-00887 
0O0735 
0006(3 

3-5 

1 00000 
0-49140 
0-32193 
0-23725 
018648 
015267 
012854 
011048 
009645 
0 08524 
0 07609 
006848 
006206 
005657 
005183 
004768 
004404 
0-04082 
0-03794 
0-03536 
002567 
0-01937 
001500 
001183 
000945 
000763 
000621 
000509 

4 

1 -00000 
0-49020 
0-32035 
0-23549 
018463 
015076 
012661 
0-10853 
009449 
008329 
0-07415 
006655 
006014 
005467 
004994 
004582 
004220 
003899 
003614 
003358 
002401 
001783 
001358 
001052 
000826 
000655 
000523 
000420 

4-5 

1 00000 
0-48900 
0-31877 
0-23374 
018279 
014888 
0-12470 
010661 
009257 
008138 
007225 
006467 
005828 
005282 
004811 
0 04402 
004042 
003724 
003441 
003188 
002-244 
00f639 
0-012-27 
000934 
000720 
000560 
000439 
000345 

5 

1 -00000 
0-48780 
0-31721 
0-23201 
018097 
0-14702 
012282 
010472 
009069 
007950 
007039 
006283 
005646 
005102 
004634 
0 04227 
003870 
003555 
003275 
003024 
002095 
001505 
001107 
000828 
000626 
000478 
000367 
000283 

5 5 

1 00000 
0-48662 
0-31565 
0-23029 
017918 
014518 
012096 
010286 
008884 
007767 
006857 
0 06103 
005468 
004928 
004463 
004058 
003704 
003392 
0 03115 
002868 
OOi'955 
001.381 
000997 
000732 
000543 
000406 
000305 
000231 

Interest % (=100r) 

n 
(years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 
55 
60 

6 

IO0000 
0-48544 
0-31411 
0-22859 
0-17740 
014336 
011914 
010104 
008702 
007587 
0-06679 
005928 
005296 
004758 
004296 
003895 
003544 
003236 
002962 
002718 
001823 
001265 
000897 
000646 
000470 
0-00344 
000253 
000187 

6-5 

1O0000 
0-48426 
0-31258 
0-22690 
017563 
014157 
011733 
009924 
008524 
007410 
006506 
005757 
005128 
004594 
004135 
003738 
003391 
003085 
0 02816 
002576 
001698 
0 01158 
000806 
000569 
000406 
0 00291 
0 00210 
000152 

7 

1O0000 
0-48309 
0-31105 
0-22523 
017389 
0-13980 
0 11555 
009747 
008349 
007238 
006336 
005590 
004965 
004434 
003979 
003586 
003243 
002941 
0-02675 
002439 
0 01581 
001059 
000723 
000501 
000350 
000246 
000174 
000123 

7-5 

1O00O0 
0-48193 
0-30954 
0-22357 
017216 
0-13804 
0-11380 
009573 
008177 
007069 
006170 
005428 
004806 
004280 
003829 
003439 
003100 
002803 
002541 
002309 
0-01471 
000967 
0O064S 
000440 
000301 
000207 
0-0014.' 
000010 

8 

lOOOOO 
048077 
0-30803 
0-22192 
017046 . 
013632 
011207 
009401 
008008. 
0 06903 
006008 
005270 
0 04652 
0 04130 

.003683 
003298 
002963 
0 02670 
002413 
002185 
0 01368 
000883 
000580 
000386 
000259 
000174 
0 00118 
000O80 

9 

lOOOOO 
0-47847 
0-30505 
0-21867 
016709 
013292 
0-10869 
009067 
007680 
006582 
005695 
004965 
0 04357 
003843 
003406 
003030 
002705 
002421 
0 02173 
001955 
0 01181 
000734 
000464 
000296 
0 00190 
000123 

10 

lOOOOO 
0-47619 
0-30211 
0-21547 
016380 
012961 
010541 
008744 
007364 
006275 
005396 
004676 
0-04078 
0 03575 
003147 
002782 
002466 
0 02193 
001955 
0 01746 
001017 
0-00608 
000369 
000226 
000139 
8-59 - 4 * 

12 . 

lOOOOO 
0-47170 
0-29635 
0-20923 
015741 
012323 
009912 
008130 
006768 
005698 
004842 
004144 
003568 
003087 
002682 
0 02339 
002046 
001794 
001576 
001388 
000750 
000414 
000232 
000130 
7-36-4* 
4 1 7 - 4 * 

15 

IO0000 
0-46512 
0-28798 
0-20027 
0-14832 
011424 
009036 
007285 
005957 
004925 
004107 
003448 
002911 
002469 
002102 
001795 
001537 
001319 
001134 
000976 
000470 
000230 
0 00113 
5-62-4* 
2-79 -4* 
1-39-4* 

20 

lOOOOO 
0-45455 
0-27473 
018629 
013438 
0 10071 
007742 
006061 
004808 
003852 
003110 
002526 
002062 
001689 
001388 
001144 
000944 
0O078I 
000646 
000536 
0O02I2 
846 -A* 
3-39 -4* 
1-36 -4» 
5-47 -5» 
2-20 - 5 * 

* The figures -4 or -5 indicate that the figures preceding them should be multiplied by 10"* or 10 s . 
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ANNEX - O 

METHODS OF LEAKAGE CONTROL 

GENERAL 

Leak detect ion can take severa l different forms, each of which r e q u i r e s a g rea te r or 
l e s se r input of manpower, mater ia ls and equipment; the r e s u l t s , in terms of leakage 
reduct ion, should in theory increase with increasing leak detect ion effort and e x p e n d i t u r e . 

The f i rs t important point to be considered is that for any leakage detection effort to 
succeed, the resources and incentive must be ava i l ab l e to prompt ly r e p a i r a l l l eaks 
located, or the original effort will have been was ted . 

The second important point is that as leak detect ion effort i n c r ea se s , a point is reached 
at which the r e tu rn s , in terms of leakage reduc t ion , s t a r t to d imin i sh . This is when 
de tec tab le leakage has been p rac t i ca l ly e l imina ted , w:ith only undetec table leakage remaining 

The next s tep is to consider ways of tackling the p robab ly subs tant ia l portion of leakage 
that is significant yet does not sur face . The methods ava i l ab le a re as follows: 

0 Pass ive leakage control 
0 Regular and in tens ive sounding s u r v e y s 
° Dis t r ic t or sub-sys tem metering 
° Waste metering 
° Pressure control 

Passive leakage control r e q u i r e s the least e f for t , and does not involve any at tempt to 
locate or detect leakage. Only v i s i b l e and r epor t ed leakage is at tended to. This is 
the system which has been opera ted by NVVSDB in the p a s t . The o the r methods of leakage 
control a re d iscussed in the following sec t ions . Reference may also be made to Ref. 
(26) which includes a comprehensive r epo r t on methods of leakage cont ro l , the subject 
of much at tention in the U.K. over the past few y e a r s . 

SOUNDING SURVEYS 

This method involves the sys temat ic sounding, by spec ia l crews of t echnic ians , of al l 
mains, v a l v e s , h y d r a n t s , consumer s e r v i c e s and me te r s . The method is completely f l ex i 
ble and effort can be intensif ied or reduced as the need of a p a r t i c u l a r area r e q u i r e s . 
Instruments a re requ i red to locate p ipe l ines so that they can be c lose ly followed, and 
leak detect ion is based on e lec t ronic or mechanical amplif icat ion of the noise of the 
leak . 

Water escaping from an or i f ice or crack in a p ipe under p r e s s u r e loses energy to the 
pipe wall and to the surrounding s o i l , causing sound waves in the aud ib le range to be 
set up. Cha rac t e r i s t i c a l l y t he r e a re th ree types of sound genera ted: 

° a h igher frequency hiss ing sound due to v ibra t ion of the p ipe wal l , which 
is t ransmit ted for some d is tance along the p i p e , depending on the material 
and p ipe s i z e ; 

0 a lower frequency sound due to water s t r i k ing the soi l around the p ipe ; 
and 

0 a s imi la r low frequency sound due to c i rculat ion of water within a soil 
cavi ty adjacent to the leak . 

General ly, h igher p r e s su re leaks a re more aud ib le than those at lower p r e s s u r e , but 
the pipe mate r ia l , soil and degree of water logging and type of c rack or or i f ice have 
an important bearing on the sound produced; for ins tance , a leaking col la r joint in 
50 mm galvanized p ipe in sand under a> paved surface will general ly produce more noise 
than a blown-out 25 mm cock in a 100 mm PVC l ine in clay under g r a s s . In l a rge r and 
non-metall ic p i p e s , l is tening needs to be at c loser i n t e r v a l s than i s necessa ry for small 
metallic p i p e . Background noise can be t roublesome and some common sounds ( e . g . t y r e 

noise on a road , or wind noise) in the same frequency as leak noise can completely 
obscure the l eak . Generally the posi t ion of h ighes t sound in tens i ty will ind ica te the 
leak posi t ion, but t h i s i s not a lways ' t rue . It is a lso important to remember that some 
leaks do not produce a de tec tab le noise at a l l . 



Instruments for sounding are as follows: 

° sounding rod : a steel bar connected to a mechanical earphone 
device, used for detecting water leakage by sounding. The end of the 
bar is held in contact with the water pipe or valve, and any leakage 
is likely to be heard as a characteristic leak sound in the earphone. 
These simple instruments have been found to be invaluable in carrying 
out leakage surveys. 

0 geophone : this instrument has two sensing heads, which connect by plastic 
tubing to a small headset like a doctor 's stethoscope. Sound vibrations 
set up by leakage are picked up and amplified by the sensing heads, 
placed on the ground over the pipeline. Like the electronic leak detector, 
the instrument is of most use in detecting leaks under paved surfaces. 

0 electronic leak detector: usually having a rod for direct sounding and 
weighted diaphragm for indirect sounding with electronic sound amplification. 

0 leak noise correlator: an electronic sounding device lor sensitive location 
of remote leaks. 

The electronic detectors can be useful instruments in trained hands but in many cases 
the simple mechanical devices perform as well and sometimes better, ow:ing to the extreme 
sensitivity of the electronic equipment, which can only be used successfully in conditions 
of very low external noise with no traffic noise and no wind. 

For direct sounding surveys on small distribution lines and consumer service connections, 
the procedure is to go from house to house in the survey area, carrying out the following: 

m 
' ^ ^ (i) Visually inspect route of main pipe and service pipe for any signs of 

leakage on surface; sound any valves or hydrants on main pipe. 
(ii) Ask consumer to close all house and garden outlets and sound service line 

with sounding rod. 

(iii) Resound service line with meter valve closed; if leak sound is heard 
in either (i) or (iii) it will then be evident on w:hich side of meter 
is the leakage. 

(iv) If leak is heard, locate exact position if possible by indirect sounding 
using geophones or electronic detector. 

(v) Advise consumer of any leakage on consumer side of meter. 

(vi) Report all leaks to supervisor for prompt repair, (see Fig. 0.1. for methods) 

For direct sounding surveys on trunk mains and main distribution lines, the procedure 
is as follows: 

(i) Visually inspect route of main for any signs of leakage on surface; sound 
any valves or hydrants. 

' ^ P (ii) Using boring bar, rod down to contact with main at 100 m intervals; 
sound for leakage using sounding rod. 

(i i i) If leak is heard, reduce distance between sounding places until location 
of maximum noise is found. 

(iv) If necessary, use geophone or electronic detector to locate leak by indirect 
sounding. 

(v) Report all leaks to supervisor for-prompt repair . 

(vi) Report any cases of erosion or vandalism. 

The frequency of sounding surveys depends upon the need of particular areas and the 
level of manpower available. It is normally recommended that each pipeline and service 
connection be sounded annually under a regular sounding program, or* twice a year" under 
an intensive sounding program. As records of the surveys are collected and analysed 
by the Leak Detection Section it should be possible to refine the surveys, particularly 
under an intensive program to single out areas which are particularly leakage-prone, 
for more frequent surveys. 
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0.3 DISTRICT OR SUB-SYSTEM METERING 

This method cons is t s of metering flows into d i s t r i c t s , usual ly of 2,000 to 5,000 p r o p e r t i e s . 
By reading the d i s t r i c t meters weekly or monthly , it is poss ib le to note any increases 
in flow which may be due to leakage , and to intensify the sounding su rveys in those 
d i s t r i c t s . 

All flows into and out of each sub-sys tem should be metered and the sub-sys tem supp ly i s 
usually found by adding or subt rac t ing the flows recorded on s eve ra l me te r s . \n s o m e 
cases it may be necessary to close boundary va lves between s u b - s y s t e m s . 

Alter- a period of metering each sub-sys tem i t i s poss ib le to know the average da i ly 
flow for that sub- sys tem, and to note any seasonal va r i a t i ons . By plot t ing the monthly 
or weekly flows on a g raph , any undue var ia t ion from the average values may indicate 
a problem. 

One major advantage in a fully metered system i s that monthly sub-sys tem supp l i e s may 
be compared d i r e c t l y with monthly sub-sys tem consumptions, for a regular quan t i t a t ive 
assessment of the efficiency or losses in each s i ik-sys tcm. This p rov ides a fur ther ind i 
cation of sub- sys tems in which more in tens ive sounding is r e q u i r e d . 

The meters used should be well maintained and regu la r ly tested for accuracy , and for 
th is purpose a small field crew is r e q u i r e d . All meters should be adequate ly pro tec ted 
in chambers or boxes , locking where nece s sa ry . It is advantageous for some meters 
to have recording c a p a b i l i t y , to enable the d iurna l var ia t ion in flow to be i nves t i ga t ed . 
Meters should be s ized to pass peak flows without undue head loss and, if p o s s i b l e , 
small enough to r eg i s t e r night f lows. 

0 .4 WASTE METERING 

This method involves the d iv is ion of the system into a number of small metered a r e a s , 
consisting of from 1,000 to 3,000 p r o p e r t i e s , which can be i so la ted from the adjoining 
a r e a s , with flow into the a reas measured by a record ing meter . Special meters a re 
ava i lab le for t h i s purpose , accurate at low r a t e s of flow, and a re usual ly r e fe r r ed to 
as waste meters . The waste meter may be ins ta l l ed permanently on a b y - p a s s , or may 
be mobile on a t r a i l e r , being connected into the system temporar i ly via h y d r a n t s . 

The meter is used normally only to measure night flow :s. P e r i o d i c a l l y , each waste meter 
area will be i so l a t ed , the meter connected and a recording made of the night flow. 
The bas i s of leak detect ion comprises in t e rp re ta t ion of the minimum night flow, usually 
recorded between 01.00 and 05.00 hours . By comparing the recording with those of 
previous night flow :s, any inc rease , w:hich may ind ica te leakage , is noted and a c loser 
inspection of the area is cal led for. This may take the form of a n igh t - t ime t e s t , in 
which the approximate leak location is found by a s t e p - b y - s t e p c losure of subsect ion 
valves within the a r ea , at the same time record ing flows through the meter . A large 
reduction in flow ra te when a sect ion va lve i s c losed may indicate a leak in that sec t ion . 
Subsequent day- t ime su rveys a re necessary to locate the point of l eakage . Normally, 
measurements of night flows in each area a re made at i n t e rva l s of 4 to 6 months. 

This method works well in some sys tems which a re well mapped, va lved and maintained, 
and is p a r t i c u l a r l y sui ted to sys tems where consumers a re not i nd iv idua l ly metered , 
for locating leakage or waste ins ide p r o p e r t i e s . The method is ab le to pick up qui te 
small leaks and to locate them between v a l v e s . It r equ i r e s cons ide rab le expend i tu re 
on waste mete r s , chambers and bypass piping "and valving and in add i t i on , a cons ide rab le 
amount of n igh t - t ime t es t s and inspec t ions , but has the advantage when p r o p e r l y ca r r i ed 
out of giving quan t i t a t ive r e su l t s of the leak detec t ion and r e p a i r e f for t . One d i sadvan tage 
of the method is that it cannot d i s t ingu ish between leakage and legi t imate night flow 
a s , for- ins tance , for- indus t r ia l use or in overnight fi l l ing of p r i v a t e s torage tanks . 

There a re seve ra l reasons why th i s method is not su i t ab le for use in Sri Lanka: 

0 w?ith almost al l consumers metered the extent of consumer waste or misuse 
is l imi ted , and consumers wil l usual ly take s t e p s to r e p a i r or locate 
l eaks on t he i r p r emi se s , made ev iden t by increased water b i l l s ; 

0 the sometimes poor r eco rds of system piping and valving effect ively 
p reven ts isolat ion of a reas in many cases ; 

° many sys tems shut down at n igh t - t ime ; 

0 because of poor day- t ime s u p p l i e s in some a r e a s , p r iva t e s torage tanks 
tend to fi l l continuously during the night; 

0 the method r e q u i r e s a cons ide rab le amount of night work. 



0.5 PRESSURE CONTROL 

Pressure can affect the level of leakage from a system in severa l ways : 

° an increase in p r e s su re will cause an increase in system leakage, which 
may be grea ter than that p r ed i c t ed by the theore t ica l square root r e l a t ion 
s h i p between flow and p r e s s u r e ; t h i s phenomenon has been inves t iga ted 
by the WRC (26); 

° an increase in system p r e s s u r e may cause a temporary increase in the 
number and frequency of l e a k s ; the r e v e r s e is a lso t rue ; 

° an increase in p r e s s u r e , by increasing leak flow, will usual ly make i n d i 
vidual leaks ea s i e r to loca te , both v i sua l ly and by causing increased leak 
no i se . Leak detection by sounding is difficult or even imposs ib le under 
ve ry low p r e s s u r e s ; 

° the effects of suddenly increased p r e s s u r e s due to surge and water hammer, 
caused by s t a r t ing or s topping of pumps or r a p i d l y opera ted v a l v e s , can 
be damaging to p i p e s , j o i n t s , bends , th rus t b locks , meters and p re s su re 
gauges. 

In genera l , t he re fo re , it can be seen to be advantageous to reduce system p r e s s u r e s 
wherever p o s s i b l e , while at the same time maintaining minimum p r e s s u r e s throughout 

There are severa l ways in which th i s may be done: 

P re s su re zoning: isolat ing a reas supp l i ed by g rav i ty from ex is t ing s e r v i c e 
r e s e r v o i r s , and prevent ing flow to lower zones except with p r e s su re r educ 
tion or under emergency condi t ions . 

Reduced pumping h e a d s : where boos te r pumps a r e pumping to exces s ive 
p r e s s u r e s , reduct ion of p r e s s u r e should reduce flow and also the cost 
of pumping. Pumps may be automat ical ly control led to pump at a lower 
p r e s su re at n igh t . 

P ressure reducing v a l v e s : t he r e a re a v a r i e t y of t y p e s : outlet p r e s s u r e s 
may be f ixed , may be a p ropor t ion of inlet p r e s s u r e , or may be var ied 
at different times of the day . However, they r equ i r e regular and s p e c i a 
l ized maintenance, careful design and s i t i n g , and may r equ i r e an a i r - v a l v e 
downstream. 

0 .6 OTHER METHODS 

There a re a few o ther techniques for leak de tec t ion , some p r imi t ive and some too complex 
and expens ive for widespread use , though they may be useful in spec i f ic leakage p rob lems: 

i . Wait and see : a leak is known to e x i s t but cannot be located; by waiting 
it is hoped that the leak will get worse and become d e t e c t a b l e . 

Tr ia l digging: expose the main at i n t e r v a l s along i t s length , looking 
for the presence of water . 

Cut and cap : su i t ab le only for a se r ious leak on a supp ly main, the 
main is isolated and metered; then the main is cut in half, capped and 
the upstream port ion metered; the leaking par t of the p ipe i s r epea ted ly 
metered , cut and capped until the leaking length is loca ted . 

i v . Tracer gas : th is method is su i t ab le for use on supply mains, when a 
leak is known to e x i s t ; it is s imple in p r inc ip l e but r e q u i r e s equipment 
for injecting the gas into the l ine in the correc t q u a n t i t i e s , and for l a t e r 
detect ing the gas . Former ly , n i t rous ox ide was the main gas used but 
recent developments by WRC have led to the use of su lphur hexaf lour ide , 
injected at about 7mg/l . The leak s i t e i s located by boring sampling holes 
along the length under inves t iga t ion , about 150 mm deep and 25 mm in 
d iameter and spaced about the same as the p ipe l ine d e p t h . At the leak, 
the gas comes out of solution re turning to gaseous form v . and f i l t e r s through 
the soi l to col lect in the sampling ho les nearest the l eak . A de tec tor 
is used to check for the presence of gas in each ho le . The method is 
c l ea r ly laborious and r e l a t i v e l y e x p e n s i v e . 

the sys tem. 

i n . 

page 4 ol 5 



v. Leak nuise co r r e l a to r : a development of the WRC, t h i s instrument i s 
designed to locate the point of leakage by e l ec t ron ica l ly measuring the 
time requ i red for the leak noise to reach two microphones , placed on the 
line at e i t h e r s ide of the l eak . Th i s method i s app l i c ab l e only if a leak 
i s known to e x i s t . Although commercial ly ava i l ab l e in the U.K. , the method 
is p robab ly too complex for widespread app l ica t ion . 

LEAK DETECTION EQUIPMENT 

Besides the leak de tec tors miMitioned in Section (J .2 , addi t ional equipment is requi red 
for effect ive leak de tec t ion , as follows: 

° Electronic metal pipe locator : the locator compr ises a t ransmi t te r and 
r ece ive r which u t i l ize loop antennas to locate the p ipe or cab le . It can 
be used conduct ive ly , with the t r ansmi t t e r connected d i r e c t l y to one end 
of the pipe by means of a d a m p and ground p la te or induct ively where 
the p ipe is not a c c e s s i b l e . The loca tors are fa i r ly s imple to use and 
work well in p r a c t i c e , though it has been found diff icul t to follow small 
s e r v i c e p ipes in congested a r e a s . 

0 Valve box locator : the locator i s designed spec i f i ca l ly for finding buried 
or paved -ove r va lves and boxes , and will locate any metal l ic ob jec t s . 
It has a fully submers ib le search h e a d , v isual and audio de tec t ion , ad jus 
table shaft length and will de tec t la rge objec ts up to a metre below sur face . 

0 Boring ba r : th i s consis ts of a long rod with a tieavy s l id ing hand le , 
to d r i v e the rod down into the ground to make d i r e c t contact with the 
p i p e , so that the sounding rod may be used to l i s t en for l eakage , or p in
point a leak pos i t ion . The boring bar works well in soft ground, but 
in many urban locations the p rac t i ce of using la rge rocks as road base 
effect ively p reven ts i t s use since it cannot be d r i v e n into the ground. 

° Underpressure tapping machine: t h i s machine i s for d r i l l i ng and tapping 
p i p e , and inser t ing fer ru les into water mains under p r e s s u r e and w'ithout 
the necess i ty of a shut -down. The machine is capab le of ins ta l l ing up 
to 50 mm fer ru les into p i p e s of d iameter 150 mm to 900 mm. Saddles a r e 
necessary for tapping into PVC or AC p i p e l i n e s . 

Test meter: th i s i s a s ingle r eg i s t e r magnetic d r i v e meter , suppl ied with 
a test r e p o r t , for use as a ca l ib ra t ion meter in a large meter tes t f ac i l i t y . 
It has high accuracy at low and high r a t e s of flow. 

Water meters and r e c o r d e r s : fur sub- sys tem metering, h igh -capac i ty in
line hel ica l ro t a ry type meters su i t ab l e for bulk metering are r e q u i r e d . 
Des i rable features include magnetic d r i v e , sealed r e g i s t e r , and removable 
mechanism. Por tab le cha r t r e c o r d e r s a re also useful if . t h e y can at tach 
to the meters for recording r a t e of flow when r e q u i r e d . 

P res su re r e c o r d e r s : these should be small , compact and designed to connect 
eas i ly to p ipe f i t t ings or h y d r a n t s , .and ab le to measure p r e s s u r e s up to 

140 m head . They a re ava i l ab le with 24-hour or 7-day c locks . 

Deadweight t e s t e r : Ihis instrument is used for checking and reca l ib ra t ing 
p r e s su re gauges and r e c o r d e r s , and has a range up to 30 kg/cm2 (300 in 
h e a d ) . It cons is t s of an oil r e s e r v o i r , puinp, deadweight column and set 
of weights . 

Pitometer or inser t ion f low-meter: fur accura te flow measurement by means 
of a flow ve loc i ty prof i le survey ac ross the p ipe d iamete r . 

Pipe cutting tools : s teel p ipe c u t t e r s , p ipe r eamers , hinged p ipe cu t te rs 
in various s i z e s , and pipe threading o i l . 

Leak r e p a i r c lamps: these clamps p r o v i d e for fas t , economical r e p a i r 
of p i n - h o l e s , punctures , or s p l i t s in s t ee l p ipe . They may be of band 
type or wrap-around t y p e . (See Figure O . l ) 

Pipe Saw: t h i s is an ext remely useful tool for r a p i d l y cutting all s i zes 
and types of p ipe without the need for p ipe cu t t e r s or welding to rch . 
It has a 2-cycle motor, and uses 300 mm diameter cutt ing b l a d e s , for e i t h e r 
s tee l or concre te . 
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ANNEX - P 

NATIONAL WAT r R SUPPLY A N D SANITAT ION PUOJECT 

SRI LANKA. 

TO 

FROM 

SUBJECT 

» 

Mr- F.U. Gunasinghc - DGM (OSM) 

S- <!? Sarani 

STAFF CADRES FOR SCHEME OPERATION 

TRANSMITTAL 

REF.No. SHEET No. 

°ATE 16/11/1988 

D FOR COMMENTS 

D FOR INFORMATION 

D FOR CIRCULATION 

D FOR ACTION 

The Operations staff identified here are those staff normally 
required within the premises of the scheme or pumping section. 

Additional operations staff may be required for such situations 
and locations as : 

0 Distribution reservoirs with or without pumping facil i t ies 

0 Operation of valves on distribution systems 

Notr that casual hired labour should be util ised for those 
labour intensive activit ies which need to be performed occa
sionally; eg. cleaning and replacement of media on slow 
sand f i l ters . With improved training, greater competance 
in OQM and better maintained equipment, the staffing cadres 
could be reduced further. For example the number of Plant 
Operators at a full treatment plant during the day shift 
could be reduced from 2 to 1. With a well managed scheme, 
the number of labourers too could be reduced. 

copies to: Dr. R.M. Bradley 
Mr. C.H. Tomasides 
Mr. G.A. Bridger 

Swastika 1036 
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OPERATIONS STAFF FOR MAJOR TREATMENT FACILITIES 

WITH RAW WATER PUMPING STATION CLOSE TO TREATMENT PLANT 

eg. Galle, Matara ( Nadugala), Kegalle, Tangal le . Negombo 

SHIFT 1 (Day Shift) 

(T)O.I .C 

® T . A . (Shift Officer) 

m 

(2) Plant Opera tors 

(3) Labourers (T) Labourer (T) S to r ekeepe r 
(excluding grounds as watcher 

mtce. l abourer ) 

SHIFTS 2 6 3 (Evening S Night Shifts) 

@ T . A . 

(T) Plant Operator 

(2) Labourers (T) Labourer as 
watcher 
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OPERATIONS STAFF FOR MAJOR TRKATMKNT FAU Li I'l FS 

'.VIJT[_PUMIMNG STATION RFMOTF FROM _TRF^ATMFNT PLAN-J' 

eg. Universi ty (Kandy) , Matara (Malimboda), Anuradhapura , Kalutara 

SHIFT 1 (Day Shift) 

(T) O.I .C. 

(T) T.A. (Shift Officer 

(2) Plant Operators (T) Plant Operator Storekeeper 
(at Plant) (at RW Pumping Station) 

• m 

(4) Labourers (Distributed 
between RW Pump Station 
and Plant as necess i ty demands) 

(T) Labourer 
as Plant watcher 

SHIFTS 2 a 3 

(T) Plant Operator 
(Treatment Plant) 

(2) Labourers 

0 T.A. 

(T) Plant Operator (RW 
Pumping Station) 

Q Lab ourer (T) Labourer as 
Plant watcher 

1 
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OPERATIONS STAFF- FOR I.HVKI, 2 SLH F.MFS 

(PARTIAL TRHATMHNT - e g . PUMPING AND CHLORINATION) 

WHERJ^ PUMP STATION IS RFMQV:':: FROM CHLORINATION FACILITY 

SHIFT 1 (Day S h i f t ) 

(j) Plant Operator 
(RW Pump Station) 

(T) Labourer 

(T) O.I.C. 

0 T.A. (Shift Officer) 

(T) Plant Operator 
(Chlorination 6 Storage 

Facility) 

( D Labourer 

SHIFTS 2 5 3 (Evening and Night Shift) 

(T) T.A. 

(T) Plant Operator 
(If pumps are in Operation) 

( l) Labourer 
(If nu pumps are in Operation) 

(T) Labourer 
At chlorination 6 
storage facility 
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,XAM:'!_i:S_(j|-' SHIFT (H'TTU'R 'S !)!• i IriS 

Perform JAR tes ts to determine optimum values for chemical feeding. 
Notify plant ope ra to r of the ' eva lues and perform spot checks to 
ensure that cor rec t dosages are being used . 

Check correc t fi l l ing out of Operat ions forms by plant ope ra to r s 
(eg. pump ope ra t i ons , chemical feed, f i l t e r , water q u a l i t y , c l a r i f i e r 
e tc . ) . 

Supervise and if necessa ry a s s i s t in performance of scheduled 
prevent ive maintenance, normally executed by plant o p e r a t o r s with 
the ass i s tance of l a b o u r e r s . 

Spot check - plant opera t ions and inform plant ope ra to r of r e q u i r e d 
action. If neces sa ry a s s i s t plant ope ra to r in performing r e q u i r e d 
t a s k s . 

e g . , ° check pumps/motors for e x c e s s i v e hea t ing , v i b r a t i o n , 
gland l eakage , check fi l l ing out of pump o p e r a t i o n s logs 
by o p e r a t o r s . 

° Spot check f i l t e r opera t ions - a re f i l t e r r e c o r d s p r o p e r l y 
f i l led out by plant o p e r a t o r s , occasional c h e c k of f i l t e r 
backwash and ensure p rope r opera t iona l p r o c e d u r e s a re 
followed. 

° Check c l a r i f i e r opera t ion - is the floe s e t t l i n g p r o p e r l y 
or i s i t being c a r r i e d over into f i l t e r . 

0 Spot check opera t ion of ch lo r i na to r s - i s dosage c o r r e c t , 
a r e t h e r e any l e a k s , a r e r e c o r d s being p r o p e r l y mainta ined. 

Improve plant OSM wi th innovat ive modificat ions to e x i s t i n g p r o c e s s e s , 
and equipment. 

e g . , ° Replace broken flow meters wi th s imple flow measuring 
d e v i c e s ; improve coagulant mixing using s i m p l e w e i r s ; 
f abr ica te head loss gauge for measuring f i l t e r head l o s s ; 
i n s t a l l staff gauges to measure f i l t r a t ion r a t e , f i l t e r 
backwash r a t e , r a t e of chemical feed , water l e v e l s in 
tanks e t c . 

EXAMPLES OF PLANT OPERATORS' , DUTIES 

1. Pumps and Motors - Maintain pump opera t ions r e c o r d s . Regular 
checks of pump opera t ion ( t e m p . , v i b r a t i o n , gland l e a k a g e , p r e s s u r e , 
flow, unusual n o i s e s , e t c . ) . Report any abnormal condi t ion to 
shift officer. 

2. F i l t e r s - M.iintuin f i l t e r opera t ion r e c o r d s . Backwash f i l t e r s at 
specif ied i n t e r v a l s in accordance with s t anda rd opera t ion p r o c e d u r e s . 
Observe f i l t e r media condit ion at eve ry backwash and not i fy shi f t 
officer of any abnormal condi t ions (media c r a c k s , a lgae g r o w t h s , 
e t c . ) . 
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• i . u i ' i r j . l J..-I - Ki.-yui.ii obs< : rv ; i i iun ul cu i i d i t i u i i ui c l a r i f i e r - hnsuiv 
pi u|jf'i' c lari f ier nperdl.ion in ;jccurd<jnce with standard operating 
procedure. 

Report any malfunction (inability to form dense sett leable floe, 
etc.) to shift officer. 

4. Chemical Feed - Maintain chemical feed records and ensure correct 
quantity of chemical- is being dosed, check condition of feed pumps 
(leakage etc.) and report any abnormal condition to shift officer. 

5. Chlorination : Ensure chlorine feed rates are being maintained 
at proper levels. 

Maintain chlorine operation records. 

6. Perform routine preventive maintenance with the assistance of the 
shift officer if necessary. 

' 3 • c^> -"^Ou"-c*-4+^-

Sdes/sh: 
17/11/88 
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