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I . f.NTKOOUCTION: 

!hir> design ;-,,•.,; ,'i;.t I i s intended to assist SWSDM Engineer:- 'ii'i the design of 
urban piped waver supr.>}> sern -mos, both for new ci'-'iistt-iicl. ion and 
rehabilitation or existing works, it is a deveiopi-nenf of the Design 
Vji'iu;.-) on 'in..(I: Conouni'.-, Water Supplies, pr epared for N.'WSDB with WHO 
a-- s i s' atv.e in i9'/2 (k-M .]>.*' and i hi: 11 jdes all relevant raaferial iron this 
earlier nariuai, \d,i i-.'li i n nost cases has been reviewed and ufwjated. 

This N O W nanual is substantially note ooeaprehens ive than the earlier 
nanual and includes additional sections, on hydrology, flow oeasureraerit, 
small dans and intakes, puoiping stations and nor-*? thorough coverage of 
pipelines arid d isf r i bur iori design, arid s<?rv i w reservoirs. It should be 
•;sed in conjunction with oilier manuals in the sarae series, particularly: 

1)3 Water Quality and Treatment 

D5 Mechan i< al/F!lectr ical/lnstruraentat ion Design and 
151 Rural Water Supply Design, which nay have sooe 

overlap's concerning minor rural piped .schemes. 

The nanual has been prepared by G. A. Bridger, Envirornsental /Sanitary 
Engineer, USAII) Project with the assistance of NWSDB Engineers, using 
naferial from a variety of soirees including the earlier raanual. .Subject 
itens to include in the nanual were established through use of 
questionnaires to all Engineers, and a Design Manual Coneittee. Principal 
sources nr^ listed in the references, most of which are available in the 
NKSDB Library. 

In a similar way to the earlier WHO manual, the intent of this new manual 
is to develop standard practices in the use of design criteria and 
preparation of engineering designs arid drawings. It sliould be eiaphasized, 
however, that the design principles presented in this manual should in rio 
way linit the professional judgenent of individual Engineers. Deviations 
from accepted design criteria nay be appropriate provided they are 
technically sound arid fully discussed as part of the design process. 

Iri NWSDB there has until recently been no systematic design review 
procedures involving experienced Construction and (3>':<M personnel, nor have 
there been sysfonat io post construction evaluations to provide teed back 
to the design process. Such reviews arid evaluations are now being 
inplenented with the assistance of the USAID Project (e.g. Technical 
Coordination Guidelines, Project Evaluation Procedures, Connissioning 
Guidelines (Ref. Procedure Manuals P4, P6, and P3 respectively). 

If these processes work, there should be a need 'o periodically reevaluate 

design principles and criteria and to introduce revisions or additions to 

the nanual as oecessary on a regular basis. I> ir reconnended that this he 

done annually by a ber ign Manual Coianitfee un- let he super-, is ion o* the 

IV M (F'fcD), w >!i r-.'pfv'fi. of .v ion fron Const: M O i- i and CoM departnon-s 

iiiC 1'- le\l, 

* A list •'.it specific .• - ••• erenoes and a genera- ; ibl iograi hv are given 
after f-,t . 
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B A S I C D E S I G N C O N S I D E R A T I O N S 

In the design of water supply and sari it.it ion facilities an 
appropriate technological approach to design should he adopted, 
which si.nply means designing facilities that will he suitable for 
the job, accepted and used by the cooraunity which they serve, and 
straightforward to op-erate arid maintain with the level of operator 
expertise available. If these criteria are met then it is sore 
than likely that the facilities will work well for a long period of 
t i cie. 

In addition, the facilities should be cost-effective and 

sti aightioward to design and build. The use ot the tern 

appropriate technology implies sinpiicity, reliability, efficiency 

in energy use arid generally a less sophisticated approach to 

design. It does not, however, imply an inferior solution or 

reduced level of service to consumers - on the contrary it should 

provide a better, more reliable, more, energy efficient service at a 

cost affordable by the community. 

(Reference 2) 

The objectives of any water supply schene are to supply safe wafer, 
in adequate quantity, conveniently located, and at reasonable cost 
to the user. The basic considerations for sound engineering 
decisions are the area and population to be served, the design 
period, the water demand, the selection of the water source and the 
nature and location of transmission and distribution facilities to 

be provided. 
i 

The source of water and the (distribution are the two main factors 

affecting the cost of the project. The nearer the raw water source 

of good quality and adequate quantity, the lesser the cost and the 

greater the reliability of supply. It is important to ensure the 

best design which would provide the community with a reliable, safe 

arid adequate water supply at least cost, both capital as well as 

recurrent. Affordability and willingness to pay are other factors 

that determine the viability arKi social equity in service. 

In applying the concept of appropriate technology, some basic 

pr inc ip 1 es shouted-'•&&'. -ffol lowed: 

o Energy conservation: design systems for less use of energy and 

better energy efficiertcy. Minimise unnecessary pumping. 

Suitability: des i r.n systems that v« i 1 ! do the job required, n< 

more, rio le.^s; in other words do not over-design oi 

under—design. 

Standardization: do not introduce new, untried methodologies 

or equipment when existing methodologies or equipment are 

working well. Conversely, do not repeat design mistakes in the 

interests of standardization. , 

2-1 
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• :- ' '• .>f:ii-i< ii i; !.;>• ..iccep-f ance: an ! ap.'>< '* at .; aspe<d oj •: r. o\-'.-r !.•.".•••••..•• - •" 

urban schene design. The -iesii'.ri -ihould neef the needs .if ii>e 

fonnurntv it. serves i n terns of atfordabiI:fy , qu.int i ty . 

qii..« i i • '» , |K»r io'i of sei '•.' ]•'•'. .*•';;..-s:-. * •:,• s • at idpost r» , -.-to. 

base el 0*M: design t r -on ri;e sta» idi'x.s iri*. of how the scheme wili 
be opet\A.ed. and naint.ai.ned. (.'.jusider ()&M tasks and provide 
necessary .'icf.'f-ss arid facilities-. Visit sinilar existing 
facilities to .-.i.ssess p-ofen' i a [ problens and consult wit; It t>..-M 
regarding staff ing , ope? at ing s r u d s, level of expertise arid 
1 raining . Pro', ide let essential sp>are parts . 

o Lquipmorif and Materials: utilise locally available facilities 
where feasible and consistent with maintaining quality arid ease 
of OSM. 

Attention to details is important: connon problens or itens 
overlooked are as follows: 

o various details in bill of quanitities; 

o poor architectural finishes - ceilings, walls, tloots. 

externa\ appearance; 

o inadequate bar charts; 

o landscaping; 

o highwvjys/rai lways/local authority building approvals; 

o congestion, lack of space in punp station; 

o low headroon, sraal1 nanholes; 

o corasiurticat ions; s y s f e n s ; 

o ' problems of plant installation. 

Sj^t^^P^ann^rtg 

This is art important aspect, of design which needs to be considered 
at an early stage, to ensure that the facilities are located on 
site in the raost efficient, oanner, which cart oake a big difference 
in capital costs and ease of G<iM. The following is a cheek list of 
points to be considered: 

o location; 

o e !. evat i on 

i .o-od levei s ; 

o area requii ed tor future -.tensions; 

o cvst of clearing, eaH .hw ..>•• s, enbankments; 

2-2 
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<-> •-< i * , : d ta ina^e ..iriti w.'is'f f:*';j':.« d i sposa J : 

o tounda't ion condi t ions ; 

O Si'•Cl.lt I fy o l s i t e ; 

o access and roads, particular iy access to intake site which 
should preferably be close by to .allow w s ^ of raonitori rig and 
superv is ior*; 

o COST, of utilities; 

o 0&M facilities. 

Irt particular: 

o 1̂ 2221; i.on and 2l2:iati_ori it! LSlat^on t2_2yi!2L_2l!^2Vjt2:_2i_i:t!2 
wvat.̂ r; _$u^i>J.v_schei3ie: for instance, the closer the supply is to 
the treatment plant arid/or storage and distribution, the lower 
the costs of constructing conveyance systeas and operating the 
scherae. 

o ^L~aiD.2S2: careful design of site drainage should be included 
to prevent flooding and possible contamination of the water 
supply. Drainage sriould be designed so that it effectively 
reraoves excess water without causing soil .erosion arid damage to 
adjacent profx?rty. 

° §y.L'2.L,$l2?l! E!2*5i2iliti;: ^ n e availability of usable land for 
future additions or expansion to the original installation 
needs to be considered. The terrain and shape of the land 
should be suitable for expansion without entailing expensive 
const, ruct ion. 

o Eil'iSl^l 222r^2ifzIil2i:A2:!! • *n evaluating a site, the anount of 
site preparation for the proposed structure should be checked. 
The existing topography nay be used to advantage Bininising the 
costs of clearing, grading, excavation and drainage. 

o L^yL^ati^on £21!—ti'2—: carry out adequate soil investigations 
for foundation design, e.g. trial pits, boreholes. 

o 5ecuri.tv of s_ite: adequate provision should be oade for 
fencing and security, including a guard house arid security 
lighting. 

o ^2C2S:* t2 tL'£ 2li^: ease of access to the site during 
construction and later for operation arid naintenance of the 
systera should be considered. Site preparation raay be 
.•significant both in cost and tine, where inpr overrents such as 
•1 "..•: ing, ac-v-s.'- roads ..>n-"f bridges are ryquit-s:. Difficult 
•KCI. ss oi ten results in poor opera' ion and raa it•>,-nance due to 
•_lv reluctano - of opera' .<•; s to visit the sit-?. where I loots 
are expected. access should beassur--d to provide uninterrupted 
oper • t ion . 

2-3 
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•'-• i'i2li.i;L,.i.LiLli_._î i. _!iii;̂ iiLiii_LrL;̂ .';;L: where electric, it \ is re:(U i red 
•i(. the si i.e. Fhe power supply .should be readily avai lable and 
oi sui I'•;,•;• i ent capacity to opera**- plant equipment. Where power 
is unavailable, the cost of inst a I I ing power should be compared 
*•;'-. the cos?, ot using a gei '.er 'at-: > . In that even'* , the supply ot 
fuel would have to be assured. 

° Av/̂ Ĵ Ĵ ajbĵ ĵ Ĵ t̂ ; of si.fe: 'he site oust be readily available tor 
I he project, otherwise considerable delays in land acquisition 
•aay result in high trap lenient at ion costs, especially it an 
alternate distant site has to be acquired subsequently. 

o ^LuLL jJDiiL'ii^llS £*L'i! 5t2CS!S: adequate space should be provided 
where staff quarters and materials are to be stored. Quarters 
should be located adjacent to the plant premises arid at 
sufficient disfariee away Iron plant equipnent to provide 
privacy to the occupants. Stores should be located in an area 
accessible to vehicles and sheltered froD public view. 

Traditionally, water supply projects have been designed to neet the 
requirements over a 20—year or .30-year period, (including the 
design and construction period}, but in recent years, financial 
constraints and econotaie factors have led to sore ISequent use of 
10 or IS year horizons, particularly for siaaller projects in 
coranunities where the growth rate is uncertain. The ongoing ADB 
rehabilitation project, uses the planning horizon of 1995, which 
neans that sone projects nay have a useful life of 5 years or less. 

The best approach is to prepare the future demand curve and frora 
this, evaluate what staging of works nay be possible. As a general 
principle it is reeonraended that: future urban schemes be designed 
for a 20—year planning horizon in two 10—year stages. That is, for 
facilities which are suited to staging such as pump sets, tanks and 
reservoirs, and distribution, only the 1st stage would be provided, 
whereas facilities which are not suited to staging, such as 
intakes, transmission nains and dans would be provided for a 20 
year period. Minor urban and rural schemes should be designed for 
a 10 year planning horizon. Staging of such snail schenes" is not 
likely to be practicable or eeononic. 

In the case ot a long transaission main where the yield of the 
source is assured to be greater than the design capacity, it nay be 
nore economical ,to initially lay a larger nain to carry the full 
yield rather than to lay a parallel nain at a later date. Although 
an eeononic evaluation Day be justified for mains larger than 100 
ran accessibility of the site and ease of construction nay be 
d<-elding factors in constructing a large? n..in. If, for instance, 
tit'.' terr.iin is diiicult and leaves li!+.!>•• roon for- future 
<v.parts ion, i* would !•.<• better to inital j lay a i arg -r nain to 
c (iry 'he ...<• sured yield. (See Section 7.3.2 for details) 
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When a pnriwi. is sun ...h! e lot si.̂ -ii,;:, ii is often coi (\ • r. i ---is* 1 .-.< 

neet the re-'juirenents ei a se 1 ee^ ed priority area in • Si'.- ) jr.**' 

^tage, .'-ari.'i subsequently serve not-'.- areas in the second phase, .'•.is 

developnertt pi oo eeds arid as noi-- funding becomes available. I r» 

son-/ cases, when raore than one source is required to nee*: * he h .•:'.>'•'. 

tern demand, the Sirs* sta^e con id be tailored to the expected 

yield of the nost economical source. 

For larger pi -ejects, a naster plan detailing the various stages 
should be developed a* feasibility study stage and the inpie-
neiifa*ion progranno adjusted io Ihe availability of tunds. 
Individual project components nornally should be designed to nee*, 
the requirements of the following periods: 

Hera 

Major dams for impounding 

reservoirs 

Desj^g n_ Per 2od 

50 

Renarks 

Height of dan nay be 

considered in two stages 

M i nor dans, we i rs 

Raw water intakes, 

infiltration galleries 

20 Not suited to staging 

20 If practicable raay be 

considered in 2 stages 

Puapsets, water treatnent 

plant 
10 R ep 1 ac en er 11 period 

Puophouses 20 

Water treatment structures 20 

Not suited to stagirig 

If economical raay be 
considered in two stages 

o Transmission mains 20 If econonical may be 

considered in two stages 

o Ground service reservoir 20 If econoraical nay be 

considered in two stages 

o Water towers 

o Distribution systems 

o Feeder nains to unserved 

areas 

20 Not suited to stag trig 

20 Should be staged 

20 Should be staged 
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3. F O R E C A S T I N G P O P U L A T I O N A N D DEMAND 

This is normally done at feasibility study stage. In order to 
produce any neaninpful forecast of population it is necessary to 
know the existing population 'r' t'-b** project area with sone 
certainty, and this is often a difficult task. It is pointless to 
present comprehensive projections by mathematical methods with any 
reliability frora a doubtful base population. 

Therefore, initially concentrate on collection of data in the 
project area, for the following: <Ref: Manual PI) 

o population by villages/towns; 

o past trends in population growth/decline; 
i 

o faraily composition, persons per household; 

o seasonal migrations or other effects; '; 

o future projections of population growth. ) 

The best sources of information are: 

o The Census of Population and Housing 1961, published by the 
Department of Census & Statistics, Colombo. This gives data by 
District and by AGA Division. Data by village or Grama Sevaka 
Division are not available. 

o The Department of Census artd Statistics also publishes Annual 
Population Reports based on a 102 sample of the population. 
These Reports would be available in the office of the 
Government Agent of the District 

o - District Reports of the Census of Population artd Housing 1981 
are available in K'WSDB Library for all Districts in the 
Island. These reports give in the introduction, the average 
annual growth rate for the District. This rate is important in 
Baking population projections and estimating the future 
requirements., for water and sanitation. 

o Records available with the Grama Sevaka/AGA. Data on population 
of a particular village/hamlet may be obtained from the Grama 
Sevaka and the AGA office. Again the data would be based on 
Enumeration of Householders and data collected for Electoral 
Registers. Even f dV.a is no< directly available, th«- Grana 
Sevaka may be able to f» >vide adequate data by vi11age/ban 1et. 

o Population Survey,see Annex C, Table C.l for details. 
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In addition, '!'..tb!o C.4 present.* H.e ojiicial. Census Depat -fnont-
projected annual population growth ; ..,; .-s by f< i sfr ict for the pei ic.fi 
199i-201! and Table C.5 «iv.'.'.'. the popu la* ion growth ir. Municipal 
Counc i 1 •>, i.'r [••..i:i Councils and tornet 'b'Wn O/iincils over th" period 
1971-1981. 

When assessing U'te existing or iuture population t.o be served i. 1 < an 
area, it is i r,f>\-rtai'ii to assess the nunbor or proportion ol 
resident, s who use and v. I i 1 corit inuo t.o use non-piped a ! t.er -fiat, i ve 
sources. [n nany areas, pai -•.. icu 1. ar ! y rural ot sen i ~ur ban, this 
proportion of population may be subs'.aid i a I . 

The preferred net hod for projecting popu lat ion is by graphical 

extrapolation ot actual population data. Usually, for urban areas, 

tbe existing population is known for the past census years 1971 and 

1981 (see Table C.S) and earlier if required arid these are plotted 

oil natural graph paper. 

Iron the actual known data, the iuture population can be 

extrapolated either by linear or exponential projection. The 

linear projection would be a suitable continuation representing the 

best-fit straight line extrapolation, and the exponential 

projection would be based on a suitable growth rate or range of 

possible growth rates (see Figure 3.1). The use of natural graph 

paper pernits an undisforted view of the trend of the projection 

which is not possible when log paper is used. 

In deciding whether to consider the upper range represented by the 
exponential projection, or the lower range represented by the 
linear projection, it is necessary to take into account factors 
such as development of the urban area (ocononic, industrial, 
conuaercial, social) and nigratiort patterns. 

For snaller urban arid rural eonraurvif ies, where past growth is 

unknown, it will usually be adequate to assune the average growth 

rate tor the District, fron» Table 0.4, for an exponential growth 

projection. 

The density and distribution of the future population within the 
service zones or districts will, have to be determined judiciously 
according to existing and expected plans for developnent. The 
availability of master plans by local authorities, KHDA, Town ft 
Country Planning, Mahaweli Authority etc. should be ascertained 
arid, if available, should be incorporated in planning the water 
supply sehenes. This subject is dealt with in nore detail in 
Section 8.13 on distribution syster. analysis. 
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i.ienand F o r e c a s t i.-ig 

l i d s , a s f o r r>opu • •'**' i- >" f o r e c a s t , in;.',, w o u l d a 1 s o n o r n a l l y b e <•{-•_»: iv.- a t 
f « s i b i i 
s t a g e . 

and ehe<. to-d irWed a t f i n a l 

A procedure i 01 calculating water denands in each swtion of 
distribution, suitable tor snail connun i f its , is given in Annex C, 
Tables C.l to C..3 

3.2.1 Ik >nesi; u: Uenancs 

The earlier WHO raanual set out guide1ines for nornal 
donestic use at. house connections and standposts as 
t ollows: 

(Sole that the propoi I. ions of fn'.>f>u lation or. house 
connections and s' atidpost s have been reviser] t'ron the 
ear-1 ier nanua 1 . 

House Connect ion St andpos t 

Conisun i t. •,• 
% Rate 

Pouu 1 at ion 1 pod 
t Rate 

Popu I at i on 1 |.K:.-d 

1. Med i un rura 1 
(fiopuLat ion 1000 
- 1500 people) 

10-20 

2. Large rural 
<popu1ation 1500 
- 5000 people) 

20-40 140 60-60 A5 

3. Snail urban 
(population 5000 
- 10,000 people) 

30-50 ie.c >0-70 45 

4. Med i un u r b a n 
(population 10,000 
- 20,000) 

30-/S0 185 40-70 4.r 

5. Large urban 
(popu I a t i on ov er 
20,000) 

Assess values individuallv 

It) general. these ••. alu-'s should be used when :'• her nor*, 
s.-.-eific <;ata is ur a\ a i Lable. IJnt.il rcceitl>. reliable 
data en f r •xluot ien, n-: •ring and billing Was r. >• read i I;, 
available r.-i' with inp>ovenents in bulk net -ring ano 
iiiproved conpuf er i ?.at ion of the billing system, new dat.. 
is becoming available, which should be .-eviewed, 
particularly in the case of rehabilitation projects on 
ex 1sting schenes. 
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lit rev Lowing actual pi -odui.!ion/consuiapt ion data Lake into 
account factors which n.iy restrict current. deiaand such as 
l i raited supply hours, poor quality water or use of 
aLterti.it ive sources. It possible, check the actual 
pa*, tern ol consumption which will affect the Average' 
billing Rate tor donesfio consunption, and relate this to 
theoretical values based on the standard consumption rates 
(see example, Annex D) . 

The standard consunption rates, if used, should be used 
with caution, taking into account the following: 

o Standpost consunption: the rate of AS 1/d/cap is 
based on the aoourit consuners will carry to their 
nearby residence. Coataonly, however, standposts are 
used tor washing and bathing under a running tap, 
with consequent increased consunption. In most urban 
sehenes, recent standpost meter records should be 
available for review. 

o Ability to pay: the standard rates of 140 and 185 
1/d/cap will result in theoretical average raonthly 
billings of Rs.36 and Rs.74 respectively (see Annex 
D, Figure D.l> which may well exceed the average 
consuaers' ability to pay, particularly in snaller 
urban and rural schens. In such cases it raust be 
decided whether these standard per'. capita deaands 
should be retained as a design "safety factor" or 
whether they should be reduced in line with peoples' 
ability to pay (which would also bring down the 
capital costs of the scheae). 

Proportion of House Connection and Standpost Users 

This is an important tactor because it has such an impact 
on water deaands ar«d revenues. Even when the current 
proportion is known, for an existing scheae, there is the 
problen of predicting how the proportion will change in 
the future, as the supply improves and with it, hopefully 
the basic standard of living of the coaaurtity. As far as 
possible, the percentage of population that will be served 
by house connections should be decided after careful study 
in consultation with the local authorities and with due 
regard to incone levels. It is unrealistic to expect that 
consuaers will be able to pay water charges in excess of 
about 5% oftheir incone. 

It is also unrealistic to expect that the poorer section 
of the conaunify, receiving food stanps, will be able to 
afford a house connection. When there is no better data 
available, the ton'.ative values given in ;'ie Table atwjve 
should be use*.), v, ith extrerae caution. 
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Accordir*K to the standard NWSDB tariff, these are 
categor i sed into: 

o 60 tjovemnent (gover -nment offices, institutions, 
hospitals ) 

o 70 Ojnnerci.il (private offices, shops, sua 1 1 
iirdustr ies ) 

o 71 Tourist hotels 

72 Shipping (najor ports only) 

o 73 industries (i act ot i es) 

o 80 Schools 

o 81 Religious Institutions and Government 
approved charit Les. 

For snail urban and rural scheaes the non—donestic demand 
is usually negligible or nay be taken as a snail 
percentage of the total donestic denand, say 103, unless 
specific large consusters can be identified. 

However, for raediuns and larger urban connunities it is 
preferable to assess each category froo the basis of 
existing neter records or on—site surveys. 

The table below Day be used as a guide: 

Non Donestic Use Litres/day 

Hospitals <per bed) 220 - 300 

Hotels (per bed) 160 - 700 

Boarding schools 90 - 140 
(per resident) 

Restaurants (per seat) 60 - 90 

Bus/Railway stations 15 - 20 
(per user) 

I v. : >• hool:> (per pupil 1 - 30 

(jf i.ic-rs (per pet sort) 2.~ - 40 

Fact*-; ies (per person) 20 - 30 

C inert.-.s (per s e a t ) 10 - IS 
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Wi'i'-TV- speci1ic vi.i>...i is available for a particu lar type ol 

use, this o1 course should be substit.ijii.ed tor the values 

above, lii the case 01 specific factories or other 

ii.sl i I >i!. iorss < such as tourist hotels) which are large 

users of water, special surveys should be undertaken. 

Other requirements not mentioned above should also be 

considered individually (such as sewer flushing, street 

cleaning, public garden watering, aninal watering, bowser 

f i 1. 1 ing, etc. ) . 

Kote that the above domestic arid nori domestic demands do 
not include an allowance for unaccounted-for water, which 
should be individually assessed for each project. (Kote 
that this differs fron the earlier WHO aanual which stated 
on page 6 that unaccounted—for water, wastage and leakage 
were included - the reason for this exclusion is the 
potential variation in UFW frora 10% to 50?; or maybe evert 
higher, depending on system conditions.) 

Unaccounted-for water is defined as the difference between 

treated water production and billed water; it therefore 

consists of: 

o Transmission main leakage; 

o Unauthorized tapping of transmission Bains; 

o Reservoir leakage and overflow; 

o Fump station leakage; 

o Distribution leakage; 

o Unbilled authorized use (eg. at hydrants, filling 

bowsers, unmetered public standposts, etc.); 

o Unauthorized use at illegal connections; 

o Service connection leakage; 

o Meter under registration; and 

o Billing errors. 

Kote - that the Waste of water on consumer's premises, after 
the meter, is not included in IJFW. 

For a new, tight system, IJFW may be a:< low as 10— l.r>£, 

otherwise 20—25'.:' should be used for rehabilitated systems 

or more for specific systems if just 1 i i<.N.! I y production 

artd 1 i 11 ing data. 
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Renenh.-.-r ";•..<'• \'• i ; Ir. !;,•'• S'WSPfi' :> i n f e r ••.-:,'! s t o r e d u c e i.'l'it 
a s much as poss Li; i • • and 1 oi~ .systt'.-ns r ecord i r tg h i g h \ a b . : e s . 
leak .-{.•:' ••'i'-l ion :>>irve\ s s h o u l d I>e i u i t. i a f ed p r i o r t o o r as 
a p a r ' >'•{ ..tii". r e h a b i l i t a t i o n w o r k s . < See Sec* lor, >>.'.}•). 
I.'FW o o s ' :. !.!.<- S'WSDtl n o i v v <o t-r'odee.-.- (connoi ib . 
ivs .2-.';./iv') .itid i t .lei ives r»v.» r e v e n u e . In a s« bene v, i I h 
a water supp ly ftliorr.'^f: i t r e p r e s e n t s w.:ir.--t t h a t eoub'i be 
s o l d t o ,';ons'inv:rs; in sone o a s e s major c a p i t a l pr o i,x*.s 
c o u l d be de l e r r e d by s e v e r . ! i y e a r s mere ly b;.' rev.iu-.irig 
fFW: do no I underes ' . i mate i t s e f f e c t . 

Peaking Factors 

The maximum denand for water in a system varies from 
season to season depending on temperature arid rainfall, 
with the highest demands naturally oecui t "ing on hot, dry 
days. In addition, the sysfen demand varies throughout 
the day with peak system demands nornally in the early 
morning and late afternoon. 

The maximum day peaking factor in Sri Lanka is typically 
1.1 (smaller urban < 20,000 population) to 1.25 (larger 
urban . > 20,000 populat ion) times the mean annual daily 
consumption, (In foreign countries with hot summers, arid a 
high use lor garden watering the fa*:.-tor may be 2.0 or 
more). Facilities that should be designed tor maximum day 
denand are: 

o Source works, intakes* 

o Transmission mains 

o Supply systen punping stations* 

o Tr eatnent work's * 

o Service reservoirs 

ie. the complete supply systen up to the service 
reservei is. 

The naxinum hourly peaking factor deperids on the hours ol 
service per day, and the proportion of consuners with 
in—house storage tanks, which have the effect of levelling 
out peaks. Aim for providing a continuous 24-hour service 
unless there are particular constraints preventing this 
(i.e. water source or power restrictions). Intermittent 
supply is neither desirable from a public health point of 
view nor is it economical. However, it nay become 
riecess try to provide intermittent service whet, the 
available supply is i na. leouate to meet the dena id lor a 
24 -hoi ; system where tde majority of eon>un -is have 
storag .• tanks, us.- a peak factor of 2.f> (smaller jrb..-r. 1 to 
2.0 (larger urban > 20 GOG > times the mean arm aa ; •! .1 i l y 
cottsiin; •'_ ion . (See also Section 6.2). 

Note: where treatment is required, facilities handling r.H* ••- ater 
(i.e. source works, low lift pumps and mains, treatraen' plants) 
should be si;:e<i with a capacity of 1.05 to 1.1 times maximum day to 
allow for treatnent losses. 

3-8 

http://rev.iu-.irig


4. BASIC HYDROLXJGY AND WATER RESOURCES ASSESSMENT 

4. 1 lildL̂ l!2£i,2iii_< ;̂̂ *2l£_2L,,J_̂ î;£L_̂ l̂3!Ĵ l-

A knowledge of basic hydrology is necessary in assesscaent of water 
resources. The hydro Logics I cycle is shown in Figure 4.1. 

Lstiraation of catchiaent yield requires an inventory ol water inflow 
and outflow which is defined by a water balance equation for a 
specified tine interval, A t : 

I + P - E - Y-0 = A S 

precipitat ion in tine A t (an) 

Inflow to catchnent in tine A t (ma) 
(surface water, groundwater, piped or canal 
tranters and effluent discharges) 

Evaporation and transpiration loss in tine A- t (nn») 

Water yield in tine /S.i: (no) 

Outflow frora catchnent in tiiae A^t (rara) 
(runoff ar»d other abstractions—surface and 
groundwater) 

Change in water storage in tine ,A\t (on) 
(soil noisture, aquifer contents, reservoir 
contents) (see Figure 4.2) 

Not all the above factors, however, are readily raeasured and the 
equation will usually have to be sioplified to soae extent with 
evaporation and groundwater effects estinated. A oonthly tine 
interval is usual, although sltort intervals of 1 day or 5 days nay 
be used if adequate data exists. 

4". 2 ^i£b2^t_§2LJrii!i*r-J.55 

These can usually be found accurately frora the 1-inch or 1:50,000 
scale Survey Department topographic naps and measured by planineter 
or counting squares. 

Note that the"direction of downward flow is always at right angles 
to the contours, and this defines the catenae?.t boundary (see 
Figure 4.3) 

Groundwater catohnents are not so readily defined, ar.d will depend 
or. {.'fou idwater table ecntcurs which nay approx .n.v. 1 -.• to surface 
contours, but often do not. 

Note that the terras "basin" and "watershed are also u > d in place 
of catchrvnt. 

Where P 

1 

• 

E 

Y 

0 

AS = 
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The pattern and distribution of r.~i int a 1 1 in Sri Lanka is governed 
by Hie rw> monsoons - the Sou* h~W<-s* monsoon prevailing from about 
Ma>- + o September (Yal.a season) .jiici the Korfh-East monsoon 
pt eva i 1 irtg iron about December to February (Malta season). These 
seasons define -he St- L Lankan hydro logical sear, running iron 
October to September. During the inter—raorssoona 1 periods, 
rainfall, due to either convect ive or cyclonic activity, is 
generally less. 

The mean annua 1 rainfall and water deficiency in the three major 
clinatic zones are as follows, (see Figure 4.4) 

rainfall 2000 - 5000 no; 
no persistent dry session, perennial 
water surplus. 

rainfall 1300 - 3500 ran; 
water deficiency up to 500 no in 
February, July - September. 

rainfall 1000 - 2000 mm; 
water deficiency up to 600 mm in 
February-September; 
months of zero rainfall common. 

The principal data requirements for water resources assessments are 
for rainfall and streactflow data. The Irrigation Dept. Hydrology 
Division operates streangauges and publishes an anVtual year book. 
Streanflows are available for 157 locations in 27 out of the 1.03 
river basins. During the hydrological crash programme (1979-64) 
the hydrooetric system was substantially upgraded, with some new 
stations and improved recording equipment. 

Meteorological data is collected by the Dept.of Meteorology at 2(3 
principal stations, and there are a total of about 600 i aingauges 
in existence operated by the Irrigation and Agriculture 
Departments, estates and municipalities. 

An excellent recent compilation of streanflows (n~/s) .rainfall 
(no) and ether "' hjwJrow&t^ic data has been prepared for the CF.B 
(Ref.4), which includes Tvistoric and corrected data up to 1905 for 
135 rainfall stations and 157 streamflow stations. Data on 
evaporation arKl sediment transport are also given. 

Table t-.'1 . ives basic data on '.he 103 river basins .7.'" i i.:..).,.< 
(see Figure £.5) 

o Intermediate zone: 

o Drv zone: 

(Reference 3,4) 

4.4 Availability of Data 
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TABLE 4.1 RIVER BASIN CHARACTERISTICS 

CODE 

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

> 16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

- 28 
29 
30 
31 
32 
33 

i 34 
• 35 

36 
37 
38 
39 
40 
41 
42 

: 43 
44 

: 45 
: 46 
: 47 
: 48 
: 49 
: 50 
: 51 

RIVER BASIN : 

NAME : 

Kelani Ganga : 
Bolgoda Ganga : 
Kalu Ganga : 
Bentara Ganga : 
Madu Ganga : 
Madampe Lake : 
Telwatte Ganga : 
Ratgama Lake : 
Gin Ganga : 
Koggala Lake 
Polwatta Ganga : 
Nilwala Ganga : 
Seenimodera Oya : 
Kirama Oya : 
Rekawa Oya : 
Urubokka Oya : 
Kachchigala Oya : 
Walawe Ganga : 
Karangan Oya : 
Malala Oya : 
Embilikala Oya 
Kirindi Oya : 
Bambawe Ara 
Manasilawa Oya 
Butawa Oya 
henik Ganga 
Katupila Aru 
Kuranda Ara 
Namadagas Ara 
Karambe Ara 
Kumbukkan Oya 
Bagura Oya 
Girikula Oya 
Helawa Ara 
Wila Oya 
Heda Oya 
Karanda Oya 
Simena Ara 
Tandiadi Aru 
Kangikadichi Ara 
Ru-fus Kulam 
Pannela Oya 
Ambalan Oya 
Gal Oya 
Andella Oya 
Thumpankeni 
Namakada Aru 
liandipattu Aru 
Panthanthe Aru 
Vett Aru 
Unnichchai 

DRAINAGE : 
AREA : 
(km2) : 

2278 : 
374 : 
2688 : 
622 : 
59 : 
90 : 
51 : 
10 : 

922 : 
64 : 
233 : 
960 : 
38 : 
223 : 
76 : 
348 : 
220 : 
2442 : 
58 : 
399 : 
59 : 

1165 : 
79 • 
13 : 
38 : 

1272 . 
86 
131 
108 
46 

: 1218 
: 92 
: 15 
: 51 
: 484 
: 604 
: 422 
: 51 
: 22 
: 56 
: 35 
: 184 

115 
: 1792 
: 522 
: 9 
: 12 
: 100 
: 100 
: 26 
: 346 

ANNUAL 

RAINFALL : 
(mm) : 

3800 : 
2668 : 
4416 : 
4505 : 
3915 : 
2955 : 
3588 : 
4800 : 
3683 : 
2546 : 
3150 : 
3207 : 
2605 : 
2116 : 
2013 : 
1629 : 
1481 : 
1973 : 
1206 : 
1305 : 
1254 : 
1606 : 
1278 • 
1692 
3289 • 
1669 
1418 
1488 
1222 
1130 

: 1736 
2347 

: 2533 
: 1431 
: 1530 
: 1885 
: 1729 
: 1490 
: 1818 
: 1714 
: 1942 
: 1440 
: 1391 
: 1768 
: 1839 
: 1555 

2916 
: 1410 
: 1920 
: 2000 
: 2303 
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TOTAL : 

RUNOFF : 
(mm) : 

2445 : 
1069 : 
2827 : 
1607 : 
474 : 
477 : 
490 : 
500 : 
2136 : 
437 : 
626 : 
1468 : 
131 : 
192 : 
144 : 
241 : 
190 : 
687 : 
155 : 
230 : 
152 : 
261 : 
139 : 
76 . 
105 : 
172 • 
116 
122 
111 
108 

: 205 
: 130 
: 66 
: 117 
: 221 
: 496 
: 386 
: 235 
: 363 
: 339 
: 200 
: 288 
: 206 
: 82 
: 408 
: ill 
: 83 
: 3-00 
: 300 
: 192 
: 248 

RUNOFF : 
FACTOR : 

7. : 

64 : 
40 : 
64 : 
36 : 
12 : 
16 : 
14 : 
10 : 
58 : 
17 : 
20 : 
46 : 
5 : 
9 : 
7 : 
15 : 
13 : 
35 : 
13 : 
18 : 
12 : 
16 : 
11 : 
4 : 
3 : 
10 : 
8 
8 
9 
10 

: 12 
6 

: 3 
: 8 
: 14 
: 26 
: 22 
: 16 
: 20 
: 20 
: 10 
: 20 
: 21 
: 5 
: 22 
: 7 
: 3 
: 21 

16 
: 10 
: 11 

UNIT 
RUNOFF 

(m3/d/km2) 

6.70 
2.93 
7.75 
4.40 
1.30 
1.31 
1.34 
1.37 
5.85 
1.20 
1.72 
4.02 
0.36 
0.53 
0.39 
0.66 
0.52 
1.88 
0.42 
0.63 
0.42 
0.72 
0.38 
0.21 
0.29 
0.47 
0.32 
0.33 
0.30 
0.30 

: 0.56 
0.36 

: 0.18 
: 0.32 
: 0.61 
: 1.36 
: 1.06 
: 0.64 
: 0.99 
: 0.93 
: 0.55 
: 0.79 
: o.78 
: 0.22 
: 1.12 
: 0.30 
: 0.23 
: 0.82 
: 0.82 
: 0.53 
: 0.68 



TABLE 4.1 (Contd.) RIVER BASIN CHARACTERISTICS 

CODE 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 

RIVER BASIN : 

NAME : 

Mundeni Aru : 
Miyagolla Ela 
Maduru Oya : 
Pul1iyanpota Aru: 
Kirimechchi Odai: 
Bodigoda Aru : 
Mandan Aru : 
Makarachchi Aru : 
Mahawe1i Ganga : 
Kanta1a i : 
Palampottu Aru : 
Panna Oya : 
Pankulam Aru : 
Kunchikomban Aru: 
Palakutti Aru : 
Yan Oya : 
Mee Oya : 
Ma Oya : 
Churian Aru : 
Chayar Aru : 
Palladi Aru : 
Munidel Aru 
Kodalikallu Aru : 
Per Aru 
Pali Aru : 
Maruthapilly Aru. 
Thoravil Aru : 
Piramenthal Aru : 
Nethali Aru : 
Kanagarayan Aru 
Kalawalappu Aru 
Akkarayan Aru 
Mandekal Aru 
Pallavarayan Kad 
Pali Aru 
Chappi Aru 
Parang i Aru .,...*j 
Nay Aru "^ 
Aruv i Aru 
Kal Aru 
Moderagama Aru 
Kala Oya 
Moongi1 Aru 
Mi Oya 
Madurankuli Aru 
Kalagamu Oya 
Rathambala Oya 
Deduru Oya 
Karambala Oya 
Ratmal Oya 
Maha Oya 
Att.nnagalu Oya 

DRAINAGE : 
AREA : 
<km2) : 

1280 : 
225 : 
1541 : 
52 
77 : 
164 : 
13 : 
37 : 

10327 : 
445 . 
69 : 
143 
382 : 
205 . 
20 : 

1520 
90 : 

1024 
74 : 
31 
61 : 
187 
74 : 
374 
84 : 
41 
90 
82 
120 
896 
56 
192 
297 

: 159 
451 

: 66 
KIC-,:-^83Z. 
iT-p^" &&>••'•. 

3246 
: 210 

932 
: 2772 
: 44 
: 1516 

62 
: 151 

215 
: 2616 
: 589 
: 215 
: 1510 
: 727 

ANNUAL 

RAINFALL : 
(mrn) : 

2271 : 
1622 : 
.1985 : 
1403 : 
1532 : 
1524 : 
3384 : 
2000 : 
2157 : 
2049 : 
1637 : 
1601 : 
1780 : 
1751 : 
1950 : 
1559 : 
2700 .: 
1558 : 
2067 : 
2225 : 
2098 : 
1470 : 
1918 : 
1909 : 
1523 : 
2658 • 
1777 : 
1597 . 
1091 : 
1493 
2285 
1963 
1346 

: 1817 
: 1789 
: 1984 

1705 
: 1503 
: 1515 
: 1390 

1304 
: 1461 
: 1090 
: 1522 

1564 
: 1668 
: 1627 
: 1648 
: 1651 
: 1697 
: 2413 
: 2544 

TOTAL : 

RUNOFF : 
(mm) : 

284 : 
262 : 
519 : 
192 : 
207 : 
231 : 
76 : 
162 : 
861 : 
49 : 
159 : 
188 : 
230 : 
195 : 
99 : 
271 : 
155 : 
36 
121 : 
64 : 
114 : 
149 
135 : 
181 : 
142 : 
146 
166 . 
170 : 
183 : 
63 
160 
192 
191 

: 169 
184 

: 136 
168 

: 150 
: 157 
: 109 
: 218 
: 241 
: 90 
: 110 

145 
: 165 
: 218 
: 451 
: 555 
: 265 
: 834 
: 1017 

RUNOFF : 
FACTOR : 

7. : 

13 : 
16 : 
26 : 
14 : 
14 : 
15 : 
2 : 
8 • 

40.: 
2 : 

= 10 : 
12 
13 : 
11 . 
5 : 
17 

'' 6 : 
2 
6 : 
3 
5 : 
10 
7 : 
9 
9 : 

= 5 
9 : 
11 
17 : 
4 
7 
10 
14 

: 9 
10 
7 
10 

: 10 
10 

: 8 
17 

: 16 
8 

: 7 
9 

: 10 
: 13 
: 27 
: 34 
: 16 
: 35 
: 40 

UNIT 
RUNOFF 

<m3/d/km2> 

0.78 
0.72 
1.42 
0.53 
0.57 
0.63 
0.21 
0.44 
2.36 
0.13 
0.44 
0.52 
0.63 
0.53 
0.27 
0.74 
0.42 
0.10 
0.33 
0.18 
0.31 
0.41 
0.37 
0.50 
0.39 
0.40 
0.45 
0.47 
0.50 
0.17 
0.44 

: 0.53 
0.52 

: 0.46 
: 0.50 
: 0.37 
: 0.46 
: 0.41 
: 0.43 
: 0.30 
: 0.60 
: 0.66 
: 0.25 
: 0.30 
: 0.40 
: 0.45 
: 0.60 
: 1.24 
: 1.52 
: : 0.73 
: 2.28 
: 2.79 
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Where rainfall data for a catchment is inadequate if nay be 
riwessary to esfabi ish a r a iogauge network. The careful siting of 
gauges is important to avoid effects of wind (overexposure) or 
frees (under-exposure) or slope. Standard or recording raingauges 
nay be used. 

Refer to arty text on hydrology tor details of raingauge instruments 
and siting. Recording raingauges are used for measuring rainfall 
intensity over a short period, useful for predicting floods. 

4 . <:>. 1. QiJ£!I£l\t_Mê e£_Gaug _ing 

The najority of long period streanflow records .~it^ 
obtained by the manual reading, usually on a daily basis, 
of a staff gauge set at a control cross—section of the 
r i ver. 

The water level or stage is related to discharge by a 
stage-discharge curve (or rating curve) tor the particular 
control section which has been previously obtained by a 
series of current meter gaugings at the site under 
different flow conditions. (see Figure A,6). 

Over a period of tirae, or after a oajor floor], the river 
bed conditions nay change and affect the stage—discharge 
relationship, which should be recalibrated periodically. 

The current raeter is usually of propel lor or bucket type 
with a reoote counter to neasure revolutions over a period 
of tine, which is related to the current velocity. 

In shallow water the meter is aounted on a rod and held in 
position nartually, whereas in large rivers, it raust be 
suspended by a systeo of cables and pulleys, or from a 
bridge, with the instrument held in position with the help 
of a tail vane and a heavy weight. 

Velocity readings nust be taken at a sufficient number of 
points to compute the average velocity in the stream, yet 
not take so long as to allow the flow to change 
significantly. Typically the stream is divided up into 
about 5—10 vertical sections, and a velocity profile 
established for each section, fron which the overall flow 
is calculated (see Figure A.7). It is sonetines sufficient 
to fake only one reading j or each section at ('• .6 >. depth 
<bef K surfac---) or fw< readings at 0.2 and 0.8 ; vlepfh, 
v.:ii.-; should ,;:ve a goo; >\ -rage value for tl.e v <- i .• ; f y in 
the vertical sec lion. lit-.- cross section of th -•? -,trea«a 
nust l>e checked during th# survey. (See BS 36B0 Part '} 
Streanflow weasureraents aad Part 3A Velocit;. —area 
n-the Is)*. 

A list of useiul British Standards is given in Annex D 
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0. 
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• « 

^ V.- mean velocity at each vertical 

d = depth at each vertical 

Discharge = area under vd curve 

Current Meter Results 

SOURCE: BS 3680= PART 3As1980 FIGURE 4.7 
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.6.2 -ilî tl̂ Liiî L̂t'l̂ -Aiiifl'L'AL'S J.5_il2LiL'!iii?i 

On a rel.it 1 voly straight reach of civinnel, Manning' s 
i omul a nay be used by taking readings of the water 
surface elevation at two points and calculating the 
surface slope. The cross; sections, of the channel (giving 
area and hydraulic radius) nust be determined. 

Manning's formula is: 
* 

Q = 1 AR 4^ S ^ <ra3/s) 
n 

where Q = discharge (m/s) 
n = roughness coefficient (see Table 4.2) 
A = cross sectional area (n*) 
R = hydraulic radius (area/wetted perimeter) 
s = s lope of energy line (and bed slope for normal 

depth flow) 

Manning's Fomula is also commonly used for evaluating 
normal depth flow in channels of fixed cross—section. 

4.6.3 El2:iLJkLh2d 

Rough measurements of discharge may be made by timing the 
speed of a floating object. A surface float will travel 
at about 1.2 tine* nean velocity, and a float extending to 
raid depth will travel at about 1.1 tines Bean velocity. 

4.6.4 SL'^LL'^LS^i^.^^lES 

These may be suitable for flow measurements of small 
streams or springs, particularly for occasional gaugings 
where the weir plate can be temporarily fixed in the 
charme I. 

Certain basic criteria should be followed for an accurate 
measurement (Ref. BS 3680 Part 4A: 1961) since thin plate 
weir performance is especially sensitive to installation 
and flow conditions: 

'^&Tc;^«1S^ld - be vertical and at right angles to 
channel walIs; 

intersection between weir plate and channel bed and 
walls must be watertight and firn; 

weir plate should no*', distort or bfnd under naxiraun 
f low; 

approach channel flow should be unitor:t and steady 
for a distance of at least 10 tines width of weir; 

4-13 
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Table 4.2 

Values of Manning's Roughness Coefficient 

Charme 1 Cond i t i on n 

Plastic- glass, drawn tubing 
Smooth metal 
Planted timber, asbestos pipe 
Large welded steel pipe with coal tar lining 
Wrought iron, welded steel, canvas 
Ordinary concrete, asphalted cast iron 
Unplarted timber, vitrified clay, glaxed brick 
Cast—iron pipe, concrete pipe 
Riveted steel, brick, dressed stone 
Rubble masonry 
Smooth earth 
Firm gravel 
Corrugated metal pipe and flumes 

Natura1 channe1s: 
Clean, straight, full stage, no pools 
As above with weeds and stories 
Winding, p»ools and shallows, clean 
As above at low stages 
Winding, pools and shallows, weeds 

and stones 
As above, shallow stages, large stones 
Sluggish, weedy, with deep pools 
Very weedy and sluggish 

0.009 
0.010 
0.011 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.017 
0.018 
0.020 
0.023 

0.029 
0.035 
0.039 
0.047 

0.042 
0.052 
0.065 
0. 112 
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(ci)Rectangular Weir of Full Channel Width 

.1-2mm 

Weir Plate 

( b ) Rectangular Weir with End Contractions 

Thin Plate Rectangular Weirs 

FIGURE 4.& 
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o •i-'.'-wnst r ea r s • .'ti.jftr«-.* 1 sha?>-.- -Hi<:. :?!;:••• .,: f- ; io t i n p o r i. .'iff*. , 
p r o v i d i n g d o w n s t r e a n w a ' . e r l e v e l i s i ow e i to ' igh *'•> 
a l l o w cfjnp i e* e I y fr*'-e •'.! i M'/har "ge ov . - r t h e w e i r (< u l i-y 
VV.TiVi i ." j *.. -f n'i I ' . o p p e Of u n d e r ".> id'..- > ; 

o head neasurenent sw* î i should be .J*. a d is* ance o> 
4-5 tines naxinun head, upst rean oi we it ; 

o gauge zero (datur.) nust be accui at el y known; 

o head on the weir is preferably oeasured in a gauge 
well l.o avoid water level variations due to waves, 
turbu 1 ance or vibration. 

The following weir forraulae nay be used: 

Q (n3/s) = 2. J 2g. Cn b. h ^ A 
3 

where CD = 0.602 + 0.063 h/P 

he = h + 0.0012 (D) 

P = height, (n) of oill above channel 
f loor 

b = breadth (a) of weir 

g =9.78 ra/s1 (in Sri Lanka) 

Q <n/3s) = 2/3 2g. CD. b. h3''2 

where CD = 0.616 (l.-O.lh/P) 

(Approximately^) = 1.91 b \?'2) 

Q (D 3/S = 6 2g. CD. h 5^ 2 

15 

where C[) is found frora Figure A.9 

(Approx mat ely Q = 1.4 !r'' * 

The heiglit of the notch above th - channel 1 loor nust no' 
lw? less than 2.5 h and the wtd-.r. of the approach channel 
raust no* be less than 5h. 

60£_V—notch_wej.r 

Approximately Q, (ia3 /s> ~ 0 . 8 4 h ''.'-' 
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h" is measured 3 - Ah upstream 
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FIGURE 4.9 
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4 . 6 . 5 i k ^ J J ^ L t i L ^ j L ^ i i i L S : (t 'is'J* •- 4 . 1 0 ) 

These .it--..' s u i t a b l e lot- nf-,j^ur ing l a r g e f l o w s . 'I be 1 omul , a 
i s : 

Q <i»;3/s) = 1.705 b . II :-<'2 

where II = bead (a) upstrean of weir 

b = width (n> 

(.Vote that the bead over the weir crest will be the 
critical depth which equals 2/3. H, H being the total 
energy head upstrean of weir). 

The downstream conditions also require a free fall away 
fron t.he weir, but ibis type of weir nay be used with 
smaller differences in water level than required for thin 
plate weirs. 
(See BS 3680 Part 4E and 4G> 

4.6.6 EIy!B£5 

Also suitable for measuring large flows, a f'lune is a 
construction in a channel such that critical flow is 
reached in the channel throat. As for a broad-crested 
we i r: 

Q <B 3/S> = 1.705. b H 3/>2 where H is the 
total energy height upstrean 
of the throat. 

A hydraulic, jurap is forced downstrean of the throat, (see 
Figure 4.11). The formula is adjusted slightly by the 
geonetry of the throat, and whether or not there is a hurap 
in the channel invert, (see BS 3680 Part 4C> 

4.6.7 FJ.ow_Met ers 

a > D i. f f er ent j_a^_P^e^s^j^e_Meters 

As reported in Manual M5 Mechanical, Electrical and 
Instrumentation Aspects of Design, it is reported 
that nost Da 11 tube artd Venturi type differential 
pressure flowneters in existing plants are not. 
functioning due to various probleas. 

For t r, i •> reason it is reconaended that flunks >r 
w-»irs 1 used instead, except vhere ef f i-; ient 0&'»1 can 
be g iii ..rif.eed. 

Ttie naii. types available are: 

° Ot if ice Kieter — takes up less space and has a 
gr-ate» bead loss than venturi raeier, 
available lor oedium to large size pipes. 
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A W FROM 
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• 
Heart gauging section 

Horizontal crest 

Broad Crested Weir 

REF. BS 3680 r PART 4E-1980 FIGURE A.10 
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Approach chdnne 

ENJR^CE TRANSITION 

Throat 

Ex i t t rans i t ion 

Gauge wen 

ISOMETRIC VIEW 

Example shown 
of t runcat ion 

Standing 
wave 

Ex i t 
channel 

v. 
R ^ 2 ( 5 - t>) 

When recovery of head is not 
important, the exit transition 
may be truncated after half 
ts length (see above) 

the invert over this length;shall be truly level 

PLAN 

77-A / / / 

Front view 
(level invert) 

\ Energy hn« 

JJL 
Energy ---I 
head H i 

Fall away 
required in 
t*n channel. 

ELEVATION 

Flumes 

REF : B.S 3680 PART kC FIGURE 4.11 
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° Venfuri neter - widely used tor large pipes. 

'-1 D.i 11 tube meter — this is a special compact, 
low-head-loss version of a venl.uri meter. 

For full details on these types of raeter see Ref. S . 

Helical vane (propel lor) type meters .i\"^ available up 
to about 500 BE» diaoeter. For economy, they can be 
used in a larger pipe size than the meter, providing 
head loss and taax iiaura flow rate restrictions are not 
a problem. They should not. be used for raw water or 
where there nay be objects in the pipeline which 
raight danage the vanes. 

Droughts 

It is important in predicting catchnerit yield to assess the 
potential severity and frequency of droughts and the best way to do 
this is to analyse past rainfall and runoff records. Usually; the 
available rainfall data will be over a longer period than any flow 
data, and therefore an analysis of past droughts can conveniently 
be Kiade fron rainfall data. 

A rainfall frequency analysis involves conpiling an' ordered list of 
annual total rainfalls, R, starting with the drye.st year on record, 
of order n = .1 up to the wettest, of order say ra = 75 (if there are 
K = 75 years of record). The probability of an event equal to or 
less than R. is then: 

PR = n 

x 100?> 
V + 1 

For t h e d ryes t year 

PR = 1 
x 100?> = 1.32% 

75 + 1 

having a retuiTVp^iod^of]^-

1 
T = x 100 = 75 years 

P 
The return period is the tine, on average, which elapses between 
two ever.fs which equal, exceed, or ar-/ 1-ss than •« particular 
level. 
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i ' i g u r e •'«•.!'_! : ' , ;v : : .j t i .-...;),,,:-;, •• ..in;, 1;,;, i s i 01 annua l r..i 1 ui a ' I. a t 
Diya ta ' l awa. T h i s nay l.e done t o r d i t I e r e n f f^ r ioc i s <" i . '.::' 
COI i S O C l l t i V e V r . i l S O r f, O o r i S « . - C u l . i \ O M O f ' i f h s ) a n d ."i S e t o f C U t V v - S 

drawn t'o show I !>.•.- i r •*' .p.r<-ji. .-;. oi drouxht events of each period. ! ; o;-, 
the o;rv.i if .-•,.-.,> ho seen Mi-/. •> 1. if. 20 }vMf drought would occur 
with an annual t ..-. jnfa1 ! .->} 1160 r.ir, (eor.par ed with a long I fin 
average of 1653.4 CSE). A saciplo of Gunbo;. probability paper , useful 
tor this purpose, is given in Annex \1. 

Sonet, i tiers it. i s helpful to !;ry and correlate rainfall wit.fi runoff, 
it, for exarap i e , a long period rainfall station is located in an 
adjaeent catohnont to a shorter period runoff station where it is 
required to predict drought flows. Plot annual or ciorith.lv rainfall 
totals against average flows for the sane periods. Sometimes a 
correlation w i 11 exist, sometimes not. Figure 4.13 shows a 
reasoTsat.de degree of cor re 1 at ion. 

The frequency analysis described at»ove for rainfall nay also !>•--
carried out tor flow data. Estimation of yield.is covered in 
Section 4.11. 

Floods 

4.8.1. Risk 

The question arises as to how to decide which return 
period or frequency of floods to use in design. 

The objective should be to rairiiiai.se total annual costs 
including capital and operating costs and the probable 
losses each year. 

Plot. <1) Annual capital and 
operating cost based 
on anortization over-
design life, at 
prevailing rate of 
interest, and • 

a 

(2) Probal.de cost of " 
losses each year 

RETURN PERIOD 

= (probability of a x (danages likely incurred 
loss in 1 \ -ar ) .is a result oi failure 

of structurei 

4.3,.? Byrjofd 

A know lodge of f : o 
i or es« inaf i rig h : gi i 
for s l o r n dra inage do 
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RAINFALL (mm) 

YEAR 

RETURN PERIOD ( yeari) 

Rainfall Frequency Analysis 
Diyatalawa 

1944/45 
1945/46 
1946/47 
1947/48 
1948/49 
1949/50 
1950/51 

1951/52 
1952/53 
1953/54 
1954/55 
1955/56 
1956/57 
1957/58 
1958/59 
1959/60 
1960/61 

1961/62 
1962/63 
1963/64 
1964/65 
1965/66 
1966/67 
1967/68 
1968/69 
1969/70 
1970/71 

1971/72 
1972/73 
1973/74 
1974/75 
1975/76 
1976/77 
1977/78 
1978/79 
1979/80 
1980/81 

1981/82 
. 1982/83 
1983/84 
1984/85 

MEAN 
MAX 
MIN 
STDV 

YEARLY 
TOTALS 

1 , 8 7 5 . 9 
2 , 1 3 8 . 9 
2, 0 4 5 . 6 
1 . 1 6 7 . 7 
1 , 7 9 7 . 8 
1 , 2 9 5 . 0 
1 , 7 5 8 . 3 

2 , 0 7 3 . 0 
1 , 6 5 0 . 4 
1 , 6 9 7 . 7 
2 , 1 8 2 . 3 
1 , 3 8 1 . 0 
1 , 4 4 9 . 1 
2 , 5 0 1 . 6 
1 , 6 5 4 . 3 
1 , 8 1 9 . 4 
1 , 6 0 8 . 7 

1 , 6 7 1 . 6 
1 , 5 3 8 . 2 
1 , 7 9 0 . 5 
1 , 3 7 3 . 9 
1 , 6 7 3 . 3 
1 , 3 1 7 . 4 
1 , 2 0 6 . 6 
1 , 5 3 1 . 1 
2 , 0 5 7 . 1 
2 . 0 6 9 . 2 

1 , 4 6 0 . 1 
1 , 4 1 9 . 6 
1 , 7 1 5 . 8 
1 , 7 4 8 . 0 
1 , 3 2 7 . 4 
1 . 5 5 2 . 8 

. 1 , 7 0 2 . 3 
1 , 3 1 4 . 7 

i 1 , 4 2 4 . 0 
1 , 6 1 8 . 2 

! 1 , 2 5 9 . 4 
1. 1 , 0 9 8 . 1 
t 2 , 3 1 1 . 0 
i 1 , 3 0 4 . 4 

ORDER 
(m) 

33 
38 
34 

2 
31 

5 
29 

37 
22 
25 
39 
11 
14 
41 
21 
32 
19 

23 
17 
30 
10 
24 

8 
3 

16 
35 
36 

15 
12 
27 
28 

9 
18 
26 

7 
13 
20 

4 
1 

40 
6 

PROBABILITY 

(%) 

79 
90 
81 

5 
74 
12 
69 

88 
52 
60 
93 
26 
33 
98 
50 
76 
45 

55 
40 
71 
24 
57 
19 
7 

33 
83 
86 

36 
29 
64 ' 
67 
21 
43 
62 
17 
31 
48 

9 
24 
95 
14 

RETURN 
PERIOD 
(Years) 

1.27 
1 .11 
1.24 

21 
1.35 
8 .4 
1.45 

1.14 
1 .91 
1 .68 
1.08 
3 . 8 
3 
1.02 
2 
1.3 
2 . 2 

1.83 
2 .47 
1.4 
4 . 2 
1.75 
5 . 2 5 

14 
2 . 6 
1.2 
1.2 

2 . 8 
3 .5 
1.6 
1.5 
4 . 7 
2 . 3 
1.6 
6 
3 .2 
2 . 1 

1 0 . 5 
42 

1.05 
7 

1,653.4 
2,501.6 

1.098.1 
329.7 

FIGURE 4.1/ 



7000-

1.0 2'.0 3-0 V.O 

ANNUAL RUNOFF STATION 6020(rr?/s) 

Rainfall-Run off Correlat ion FIGURE 4.13 

4-24 



• 

flood flows may be derived from rainfall analyses and 
development of unit hydrographs, or from an analysis ol 
actual storm hydrographs. A hydtograph is a plot of 
discharge against tine. 

Rainfall analysis involves developing rainfall intensity -
duration - frequency corves, and these are available lor 6 
hydrological zones of Sri Lanka (see Annex F ). 

During a stora, 
(the hydrograph) 
intensity and 
c h a r ;t<J t e r i s t i c s 
vegefat ion cover 

the pattern of the resulting strean flow 
depends on numerous factors such as the 
duration of rainfall, and catchment 
such as area, slope, soil type and 

As the rainfall reaches the ground, 
some infiltrates into the ground to beeorae groundwater, 
some is intercepted by vegetation, or is retained in 
surface puddles and the remainder runs off the surface, 
collecting info streams. At the start of a storm, 
infiltration, interception and surface retention will be 
high, reducing as the soil becoraes wetter and surface 
depressions are filled. Hence: 

Runoff = Precipitation - (Infiltration + Evaporation + 
Surface Storage + Losses) 

Surface runoff only occurs when the rainfall rate is 
greater than the infiltration rate. 

High rates of infiltration in the catchment will usually 
result in streams having a substantial sustained flow 
(base flow) all year from groundwater seepage, with lower 
flood peaks and slow response, whereas an impervious 
catchment would result in rapid runoff with fast response 
and high flood peaks. Due to these catchment 
characteristics, a strean will usually have a 
char.-acteristic flood hydrograph, with a similar recession 
curve for different flood events. 

Another useful catchment characteristic is the time of 
concentration, tc, which is the tine in minutes after the 
start of rainfall for the runoff to peak, at the point 
under considerat ion. 

tc can~b£. Y^ar^eH as a 
function of length and slope of 
catchment, using the following 
relationship: 

tr. = C O 195 k °'77 mins 

where k 
TIME 
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:! H = lb H 1 and H(ny 

the d i 11 et ence in oatchaent 

elevation over the di stance 

L <n> to the most d ist ant-

con t r i but i rig F>o i rit. 

Another method (Ret.6) uses the average velocity at water 

across the catchment as follows; 

where L 

V 

60 V + T 

= length of longest watercourse (m) 

= veioci ty (o/s) 

and T is an allowance for inlet time, the time lor water 
to reach the watercourse, usually 2-20 ainutes. The 
estimated velocity depends on slope as follows: 

Average Slope 

< 1 
1 - 2 
2 - 4 
4 - 6 
> 6 

Average Velocity 

i«/sl 

0.5 
0.6 
0.9 
1.2 
1.5 

If the storn. is of longer duration than the tirae of 
concentration the peak, Q wi 11 occur at the lapse of tf, 
and continue to reaair, at this value until the end of the 
storn, if unifora intensity rainfall is assuned. 

4.8.3 H^d£ogra£»hs 

The runoff volurae nay be 
estimated froo the area 
under the hydrograph. 
If the rainfall pattern 
was recorded _fP£vi*»e storn, 
the voiuoi^>frr>t«*fall on the £ 
catchment could be compared 
with the runoff volune. 

Tint 

. 

• ^ 

•** 

o 
—1 

a. 

1 

- _ ^ % 
—^uy_/ 

/ , /\ 
A'.\ 

•'.' ! > \ 

( / • , \ 

/s////// -^~£~tuL///s 
/ X . ' .• s^~— 

Hydrography nay be 
est i oated froa ra i nfa 11 
in the following ways: 
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END OF RAIN 
• i) Iheor^tj^ea^_we^ j_a^d_ t_ l^W_n^d^O£ra£>h 

Assume a constant, i.ntonsity £ 
raintall over art impervious 5 
catchment. Runoff would increase * 

o 
until an equilibrium point zt 
has reached, when 
outtlow = inflow. 

TIME 

When the rain stopped, flow would immediately reduce 
into a recession curve representing the runoff frora 
water teaporarily in storage. In this case there are 
no losses, and rainfall equals runoff. 

b) U^it _hy^rogr apjj 

These are unique to a particular catchment and 
represent a hydrograph of a unit of direct rainfall 
from a stona of specified intensity. They are derived 
frora analyses of recorded hydrographs and rainfalls in 
the catchnent, and used to predict future runoff. 

The most common is known as the rational fonaula, see 
Sec t i on 4 .8 .4. 

Various software is available for generating 
hydrographs on the basis of catchment characteristics 
and rainfall data. 

Rat iona1 Formula 

This is a nethod, for small catchments up to about 50 km2, 
of estimating peak floods. For larger catchments, the 
rational formula gives too high a value. The fonaula is: 

RECESSION 

Q «U?-,f-, CI_A 
360 

where I = rainfall intensity (nra/hr) 

A = area of catchment (i<a) 

C constant depending ••n catchnent characteristics 

The constant C is a runoff coefficient which depends on the 
relative imperviousness of the -atchment and may vary Iron 
as low as 0.01 for flat forest lands to 0.95 for 
watei—tight roof surfaces. The type of catchments 
encountered in reservoir design are mostly jungle with 
partial development, and the following C values are 
appropr i ate.. 4-27 
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< 2 0.3 
2 - 4 0.4 
> 4 0.5 

Values for ofher types of surface are given in fable 4.3. 
Different. references list. slight•. ly coefficients and 
judgement must obviously be exercised when se 1 ect. i rig 
runoff coefficients ano! rates of rainfall. Different 
values can be assumed, to assess the sensitivity.of the 
result. .An example of the use of the Rational formula is 
given in Annex G. 

4.8.5 Hj_̂ t_or_lo_L̂ k̂_R(jr.of f_̂  

An analysis has recently been made of annual maximum 
discharges (Ret.4>, and although the data are not 
particularly reliable, some interesting results can be 
seen: 

o Three extreme storm events stand out, each occur irtg 
over a wide area covering several basins: 

- 15-17 August 1947 
- 24-26 December 1957 
- 24-25 November 1978 

o The 1957 flood produced all-tine maxima at many 
locations in the dry/internediate zone as well as 
annual naxina in the wet zone. 

o Peak flows at lower locations occurred up to 1 day 
after upper catchment peaks. 

o A flood frequency analysis indicates 1 in 10,000 year 

specific flood discharges of up to 1.0 n /s/km2, 

reducing to about 4 n^/s/kn2 for catchments of 4000 
km2 . 

o Specific flood discharge reduces with increasing 
catchment size. 

4.9 Reservoir Se<linerita"Oorr 

Sedinent accumulations in reservoirs re<iuce the space availal.»le for 
storage of vater, and thereby reduce the et t ect-. s vene.'-s >t the 
reservoirs for regulation oi flows. When esHnatinj the t -tuired 
volume i< •• a reservoir, it is cu: ton try to allow ext r • ••.'• lur. • e«:|ua 1 
i.o fifty \eat-.;' accumulation of sedimiif. 

Pew reliable estimates of reservoir- sedimentation rates in Sri 
Lanka have* been raade, but studies i i the upper Mahaweli ..a' hnenf 
have indicated an annual sediment yield ir. the order oi .WO n ,/ 
km2. Sediment rates will differ according t< 
characteristics including geology and landuse. 
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TABLE 4.3 

TYPICAL RUNOFF COEFFICIENTS 

TYPE OF AREA SLOPE 

Up to 2% •1% to 102 ' Over 10£ 

Roofs and p>avements 
City business areas 
Suburban res ident i a 1 
Hi—density residential 
Grassland and meadows 
Bare earth 
Cultivated land — clay loam 

— sandy 
Forests and woods 

. 9(3 

.60 

.45 

.60 

.25 

.60 

10 

.90 

.65 

.50 
65 
. 30 
,65 
,55 
30 
. 15 

. 90 

.65 

.55 

.70 

.30 

.70 

. 60 

. 35 

.20 

1XPEJ3F_SUR^ACE 

Watertight roof surfaces 
Asphalt runway pavements 
Concrete runway pavements 
Grave 1 or macadam pavements 
Impervious soils (heavy) 
Impervious soils, with turf 
Slightly pervious soils 
Slightly pervious soils, 

w i t h t ur f 
Moderately perv ious so iIs, 
Moderately pervious soils, 

with turf 

75 
60 
70 
35 
40 
30 
15 

to 
to 
to 
to 
to 
to 
to 

. 95 1 

.95 ! 

.90 ' 

.70 ! 

. 6 5 : 

. 55 i 

.40 ! 
10 to .30 

05 to .20 

00 to . 10 
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Reservoir sound j rip, surveys, it done accurately, can provide 
valuable ini or n.»lion on actual sedinenfaf iort rai.es. 

The creation of a new lake behind a dan results in losses due to 
evaporation and seepage. 

Evaporation iron reservoirs where the area was heavily vegetated 
with deep-rooted trees or plants, and froo reservoirs in areas with 
r»o prolonged dry season, are little if any greater than the 
evaporation and evapotranspiration fron the area prior to 
construction of the reservoir. Flow losses due to evaporation may 
be significant only tor sparsely—vegetated reservoirs and during 
the dry season. 

Monthly evaporation data is available for about 55 stations 
throughout Sri Lanka, :iri<l values differ widely depending on climate 
and elevation fron 1000 nis to ©ore than 2000 ran annually. Monthly 
raean values for Coloobo and Peradeniya are given in the table 
below: 

January 
February 
March 
Apri 1 
May 
June 
Ju ly 
August 
Septeraber 
October 
Xovetaber 
Deceeber 

Total 

Elevat ion 

Colombo 

165.5 
156.6 
152.7 
178.9 
187.7 
220.3 
176.1 
1.50.2 
169.8 
168.2 
180.8 
1.83.4 

2090.5 an 

5n 

Peradeniy_a 

99.0 
91.5 

107.2 
127.7 
150.0 
159.8 
123.0 
1.30.9 
107.8 
99.0 

108.9 
104.1 

1408.9 B»EI 

488 n 

In general, reservoir seepage losses can be significant depending 
on dara foundation conditions and construction details. Any sites 
located on deep^ggj^yt?»j^ s"«?dinents could have substantial seepage 
losses, which shouiti be .riccourited for during detailed feasibility 
stud ies . 

Whet e reservoir is used to store wat« r in surplus r'i;,off periods 
for us< during dry periods it is necessary to deter nine the 1 irn 
yield of the reservoir which is the supply avail.:>ie during a 
historic drought or a drought of specified severits, -.g. 1 in 10 
year drought, or 1 in 50 year drought. 
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the starting point is the determination of the area-*? levat ion curve 
and volume - (.'Leva*, ion curves for the proposed reservoir site (see 
Figure-- 4.14). Special topogr aph ic surveys na.v be required to 
define the reservoir area and volume with sufficient accuracy, 
Uornal ly a scale of 1:5000 with 5 m contours should be adequate. 
The water demand from the reservoir should be known. Art allowance 
raust be made in the bottom of the reservoir tor "dead" storage 
below the lowest water intake Level, to provide space for sediment 
accumulation. Live storage is the usable storage above this level. 

Allowances have to be made for overflows (spills), downstream 
releases and reservoir losses such as evaporation and seepage, 
thus: 

Gross Yield - Demand (S'et Yield) + Downstream Releases + Overflows 
+ Reservoir Losses ! 

Most projects allow for dry season releases frora the dan into the 
downstream rivet- channel to meet the prior rights of users 
downstreara. (See Section A.12.2) 

The most important downstream rights are clonestic use, irrigation 
use, arid hydroelectric power generation. Domestic use is almost 
always given priority over other uses, and at least some small 
releases raust be allowed for from each dan for rural donestic use. 

Various methods are available for estimation of' gross yield as 
follows: 

o Rippl Diagram, a cumulative mass plot of historic data, usually 
over a significant drought period. 

o Stall Analysis, based on a statistical analysis of a long 
series of historic- monthly data, or generated (synthetic) data. 

o Operation simulation, again using a long series of either-
historic or generated data. 

The last two methods require a reliable set of flow data. The 
generation of synthetic- data is beyond the scope of this manual. 
The extension of flow data, and methods of correlation of rainfall 
and runoff between catchments is not usually justified for small-
medium projects, and would require specialist assistance: 

An example in the use of the Rippl Diagram is given in Figure A.15. 
First obtain the »orithly inflows at the site of the proposed d.m 
for a critical drought period. An allowance may be made for 
evapv - at ion frora the reservoir surface, but as noted earlier this 
cay •'ot be any greater than from the area prior * •> <- onstruct ion of 
t te i eservoir . 
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Plot '-lift' ounu 1 .at i v •*- ruiiofi (figure -4 . IS > . Conn**: I. the 2 points A 
and B: the slope oi this line represents the gross yield (i irn 
yield) lot the specified drought, in this case 28,500 n: \/d. The 
required 1 ivo storage is ind ioat ed b\ the vertical oi d ina*.o CD at. 
the point ot nsaxinun draw-down oi the reservoir. An allowance 
should be nade Iron the gross yield for reservoir seepage, if 
necessary, and tor downstream releases. 

It the water supply deaand were, say 15,000 D^ d- U v- ''l(Wn's,re',n 

releases 4000 n,.'/" and estimated seepage 1000 n~/d a gross 

yield ot 20,000 n'y/<l would be needed; thus, the required storage 

would be reduced to 2.8 Mn . 

For sone catchnent s the cri.ticai drought period nay last lor more 

than 1 year, and the Ripp! diagran should be extended to cover such 

events it necessarv. 

This is a topic which has not received ouch attention in Sri Lanka. 

There are various aspects to the subject, which are discussed as 

foI lows: 

A, 12,1 yti!lS:*-:i2Li_2£_BfiS>2y!I£i;2 

In any large catchnent or basin, the surface water and 
groundwater resources need to be shared between a variety 
of different uses, such as water supply, irrigation, 
animal watering, power general ion, industrial, etc., and 
as development proceeds it is vital to ensure that the 
available resources are utilized in an efficient manner. 
It. is unacceptable, for exanple, for a rubber factory to 
be discharging rtox ious effluent into the upper reaches of 
a stream, rendering it unusable by potential downstream 
users. 

Large users of water, such as for irrigation and hydro
electric power, nust nake allowances for relatively ninor 
but high priority downstreaa needs for water supply. 

Unfortunately there are at present: no effective controls 

over abstraction of surface or grour»dwater . Sonetines, 

note effective utilization of resources could be nade by 

conjunctive^17Jse"of a surface water source and groundwater 

source. • 

4.12.2 Le Sa]_ Aspects 

I:. r.anv -ountr I es, water resources ire ..ontr >l le i by st.i-te 

o> t-'.an isat ions .iT>d legal provisions re, ..rdir..': so •".".« aspects 

a.--: 

o Ownership o; and r i g h t s t o water su: p l i e s ; 

o Rules al>out a b s t r a c t i o n arKl quant it,% ; 
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r> Rules about water purity arid pol lut ion; 

Rules about di schat "ges, movement of water and land 
d t a iti.'jgv'r; 

o Rules about water supplies; 

Tor example, î  would not be acceptable tor an individual 
to divert water from a stream to irrigate his fields and 
deprive a downstream community (village) ot water which it 
had been abstracting as a drinking water supply tor nans' 
years. Neither would it be acceptable for the state to 
divert the wliole (low of a steaia lor hydroelectric 
projects and deprive a downstream private individual who 
has traditionally watered his fields adjacent to the 
stream. Compensation water — downstream releases past the 
diversion - would be necessary. 

Where the source is limited the question arises as to who 
is allowed to take how much, for what, purpose, to avoid 
depleting the source and causing conflict between users. 
Traditionally, such decisions are reached by mutual 
agreement between the part i es, but there are as yet no 
specific legal requirements for water licences - permits 
to abstract a certain quantity for a specified use over a 
s pec i f ied per i od. 

Rules about. pollution would prevent, for example, 
indiserininate discharges of noxious effluents to upland 
streams by rubber factories, or slaughter houses. 

Also associated with this topic are the rules concerning 
protection of rights of private individuals concerning 
entering or carrying out surveys on private property, 
acquiring of easements or land by negotiation or 
compulsory purchase, etc. For these there is usually art 
established procedure within the existing law which should 
be followed. 

All the above provisions are designed to protect the 
rights of individuals, communities and the state. 

Various steps have been taken in Sri Lanka towards 
developing a sinilar approach to control of water 
r esources -iartageSerit i nc 1 ud i rig: 

o A draft Watershed Manageaent Act (as reported bs S. 
Arunug.in (Ref.3>). 

o \ !• -a! ' Water Resources Ac* of UBO, vx--.•pared v. if-.-, 
L!S,Mi> ossistance, which deal.- with owner-.ship arid u r.:..• 
of «•.»•• , and pr.itection of sources. 

o The Ma' ional Environmenta i Act .Vo.47 of 196(3 and 
est.ib 1 ;: hraent of the Central L.'nv irortoental Authority 
(OLA). (This Act is currently being .-mended). 

o Various Environmental Standards for discharges arid 
water quality by the CEA and Sri Lanka Standards. 
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In March 1987, a now.' by the Minis*, ry to establ i sh a 
N'ationa) Groundwater Authority and enact ;J S'.«t ion.-} 1 

Water .v •*.. 

o A Forestry Master Plan lor Sri Lanka by the Fores*. 
Resources Development Project in 1986. 

However, nuch work remains to be done and in the raeantine, 
before effective Legislation and controls are in place, 
engineers should be aware of the potential problens arid 
plan accordingly. Particularly be aware of any potential 
conflicts regarding different uses or users of a limited 
water- source. 

If any queries or clar i 1 icat. ions are required on any of 
the above topics tor specific projects, the XWSDB Legal 
Officer should be contacted. 

4 .12 ,3 Watershed_Manageraerii. 

It has recently been reported, in the Forestry Masterplari 
oentioned above, that the forested area in Sri Lanka has 

|B) diminished significantly this century: 

1900 
1956 
1981 

70?. 
45?, 
27? 

forested 
1oresfed 
forested 

These are startling statistics concerning land use and 
water resources, the detriraental effect being erosion, and 
loss of productive soils, increased sedimentation of 
reservoirs arid reduction of yield, increased flood peaks 
due to rapid runoff, arid reduced infiltration and low 
flows. 

Watershed nanagenent is therefore a vital requirenent for 
responsible water resource oanageoent, and measures should 
be taken to reduce and reverse the detriraental effects 
noted above. 

Although erosion arid sedimentation are natural phenoaena, 
dependant on the geology, soils and land cover, various 
types of land use can accelerate or reverse the trend. 
Those having a negative effect (land aisuse) are: 

° overgrazing; 
° deforestration; 
0 poor cultivation practices. 

Measures t reverse the trend can be: 

graz irig conf rols; 
planting ol tiaber and fruit trees; 
terracing; 
inprovenerit of c u l t i v a t i o n p r a c t i c e s ; 
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channel f lot: eel 1 on; 
° gulley f) lugg ing; 
° construction of strean diversions; 
° check arid drop structures; 
° silt, trapping reservoirs; 

Sorae of these neasures cost money to inplenent and it nay 
in sone instances be difficult to demonstrate the econonic 
benefits of such expenditure, as is the case with 
preventive health prograames, tor exaople. 

However, Engineers should recognise that. watershed 
management is or considerable importance for the long tern 
future of water resources in Sri Lanka and should strive 
to pronote effective neasures in all projects. 
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INTAKES;, WE nts AWD DAMS 

This sec!, ion deal with surtacfr water intakes for raediun or larger 
urban or semi-urban water schenes. Refer to Rural Water Supply 
Manual Dl for minor intakes fron streams, springs, shallow wells or 
tanks, including infiltration intakes (wells and galleries). Rei er 
also to Groundwater Manual 1)4 lor tube—well intakes. 

Tv^>es_of_S»jrfaoe_Water_j[ritake 

The following types are eonraonly used: 

o ponding by construct ion of a weir across the channel, with 
subnerged intake upstream, or side intake (see Figs. 5.1, 5.2); 

o where natural depth of water in channel pernits, a submerged 
intake or exposed (direct) intake on the bank; (see Figs. 5.3, 
5.A); 

o a floating pontoon with punps, anchored to the bank; this type 
provides flexibility when dealing with large water level 
variations (see Rural Water Manual); 

o a submerged wooden or concrete crib intake anchored to river or 
bank bed (see Rural Water Manual); pipes should be laid in 
dredged trench below bed level; 

o an intake tower, dry well type, for reservoir or tank pernits 
abstract ton away f ron bur id or bank and at 2 or more water 
levels. 

o a side weir intake on irrigation canal— not usually recommended 
due to dependence on irrigation releases. 

L̂ 2̂ î t_̂ on_3rid_r>e;sj_Qrj_Cons:i_c]ejr_.ji|_iLorjs 

5.3.1 An_iritakes 

Take into account the following aspects; 

o •---•pr^ar™-" -right of other water uses of the same source 
(e.g; for water supply, irrigation etc.) 

o fluctuations in flow rate and water quality carry 
out adequate gauginp anc sanpling; 

f. locate int ike for ojtiri-.R water quality; 

o is low flow quantity sul1icient for deraand? 

o tow and high water l«.-vels — if variation le.-..••, than 
-.5 - 4.0 n, can use sue! ion punp on bank; 
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vl.-N.-.k lor historic f l.ood I eve 1 s and site bank works 

,.jl suitable level ; 

v-li->::k 1 or upstre."in pollution sources and evaluate 

impact on qua I t *.y ; 

,i,"(.v.'ss ibi 1 ity oi site and availability of power, if 

r '-.\'i ired; 

distance f t on pump station, treatment plant and 

<1<-mat id area; 

assess currents arid avoid high veloeiiy channels in 

river; 

assess stability of structures under flood conditions 

and impact of floating objects; 

design to minimise scouring of cliannel or banks, arid 
clogging or siltation of intake; 

intake opening facing downstream will rainiciise 

entrance of floating debris during floods; 

in rivers with high sediment content, locate intake 
near outside bend of river where sediment 
concentration may be less; 

similarly in rivers with high sediment content, 
locate intake opening at or near surface as sediment 
concentration increases towards river bed. 

where there are large fluctuations in river level, 
coris Lder use of a floating pontoon intake, or 
nultiple level intake. 

care should be taken to minimize air entrainiaent into 
pipelines and pumps; the intake pipe or pump suction 
should be located in a quiescent area. A rule of 
thumb is to maintain a submergence of at least 1'* to 2 
» ines the diameter of the intake pipe. 

where the intake pipe or conduit discharges into a 
pump suction well, the horizontal area of the suction 
well -^ should;, be 3 to 5 tines the vertical x-sectional 
are.vqf^jhi^^lntake pipe. 

where substantial underground flow is suspected in 
stream beds which tend to dry up on the surface, 
consider use of subsurface dam >r cut-off' act oss bed 
to intere f>t tlow; 

assess stability of channel bed and banks - try to 

avoid formation of sho.»ls and bars; 
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o subnerged intake pipes should errd in a screened 
bellnouth opening at leas!; In above bed; entrance 
velocity should be less than 0.15 n/s to niniraise 
drawing in silt, and pip'0 flow velocity should be 0.6 
- 0.9 n/s; 

o exposed int.."ikes should be local, v.-d on a straight 
section ot channel in area of stable channel and 
banks.; 

assess effect on fish life; 

o provide screening as required and raeans of cleaning 
or raking: 

o provide means of scouring and desilting intake — 
possibly by backwashirig through intake pipe; 

o intake pipes should be laid to a constant rising or 
falling grade to avoid accumulation of air pockets 
which would reduce capacity; 

Specifically for weirs, take info account the following: 

o downstream scouring action - provide scour-proof 
foundations and cut-off trench (or sheet piling) as 
necessary; 

o allow for passage of boats past weir if necessary; 

o provide protection against erosion of upstream banks 
due to raised water levels, and against, erosion of 
downstrean banks due to turbulence; assess need for 
rip-rap, gabions or retaining walls, depending on 
bank material and slopes; 

o provide fish pass if necessary; 

o all weirs should incorporate a flow neasuring device; 

o provide for washout or bypass to flush poor quality-
water ; 

o coFislHefvr siting intake upstream of natural drop in 
river bed (ie. due to fault) which would probably 
have a good rock foundat ion; 

provide for arty required dov is- r eara releases, througi 
sluic • gate or side weir; 

<. design weir to carry fl<xxl flows, without danage to 
structures or bank;; 
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o ad\ a: itages ol. weirs a» •:.-: 

- constant head a*: intake point, 
trtvasurenenf ol sl.if-.jR flow possible, 
can be designed to prevent. tidal back 1 Low ol 
sea water when located near coast; 

e disadvantages ol" weirs are: 

- high cost, if river is wide, 
- upstream silting nay require provision of 

scour pipes and regular desilting. 

5 .3.3 B22^Ly2iL2_^l!'J_l5DliS 

Specifically for reservoir and tank intakes, take into 
account the following: 

o avoidance of areas of poor circulation or stagnation 
of water, or areas accumulating debris; 

o effects of wind and waves on structures; in shallow 
water, wave action nay stir up bottom deposits; 

o intake should be at deepest point to take raaxiraun 
advantage of reservoir- capacity. 

o assess algae bloons at certain tiraes of year and 
additional treatment requirements; 

o multiple level intake nay he preferable to ensure 
optimum water quality. 

iL'Lrik-S-Screens 

Coarse screens of 75—100 raia openirig prevent the entrance of large 
objects into the intake and are usually in the forn of inclined or 
vertical bars 25 raa in dianeter in the intake channel, or a wooden 
or concrete crib -around the intake pipe entrance. Access should be 
provided tor easy raking arid reaoval of debris. 

Renovable fine screens, having about <> ran openings, fabricated in 
f tarries, following the coarse screens, ate usually necessary to 
prevent the entry_of̂ jfj,sjt». and snali objects. Two screens should be 
provided so tFiutT^otie"screen can be cleaned while the other is in 
place. 

If.tak-- s c r e e n v e l o c i t y s h o u l d be l i n i t e d t o abou t 1 o / s and t h e 
n.j'-iirv ~i I iead!os> t h r o u g h a c l o g g e d s c r e e n .'! '>uld be ibout ISO nn i r, 
ot der t o n i i i i n . r e t h e d r o p in s t r e a n w d * t l e v e l wh -t e a d i v e r s i o n 
weir s p r o v i d e d . H e a d l o s s t h r o u g h a s :-re-- n nay be*:;* i n a t e d by t h • 
(<•! lov .Ing f o r n u l t: 
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I. = 0.072'-) (V2 - I J2) 

h = h w J U j s s , (n) 

V = Ve 1 fx: i t y t h r o u g h t h e s c r e e n ( n / s ) 

'.' = V e l o c i t y b e t o r e t h e s c r e e n (ra/s) 

i c a l band o r <h un s c r e e n s raay be n e c e s s a r y t o r na jo r i n t a k e s . 

Dans 

|;afe_J[rjvesf.i.ga<.j:oris 

Snail dans discussed in this section are considored to be 
less than 10 a in height. Factors to evaluate in 
consideration of alternative dara sites are as follows: 

o location (distance and elevation) with respect to 
dec*and area; 

o quantity and quality of water available; 

o access to site, roads; 

o topography of site - volume of storage and volurae of 
fill for various dan heights (volune - elevation 
curves). The optinun case will be that giving the 
greatest storage for the least fill; (i.e. sraaliest 
dara size); 

o preferred location is a wide flat valley, upstrean of 
a narrow gorge; 

o geological conditions, possible seepage under dan, 
and watertightness of reservoir and necessity for 
grouting; 

o availability of erabanknent fill material and other-
construct ion raater i a Is; 

o inundation of lands; loss of hones or agricultural or 
forested land; possibility ot biological prohleras if 
a shal;lp*~ipeservoir; 

o rwjssible erosion and ' ar«J slide activity in valley 
due to raised water tabl--; check slop-' stability; 

Wlv.Ti a :? ite or sites na\ • 1 en selected fo%~ fir't-r 
consideration, it is neces i.̂r; to conduct detailed sv il 
inves ij.'.a1. ions to assess sw; .i".?, • oun-lat ion corid it L<x.s 
arid si abi I ity , 

foundations must be capable o; supporting the weight of 
the dan, and preventing s"e;>a;.e underneath it. Avoid 
areas of springs, soaks, or landslips which indicate 
unstable conditions, 

5-9 



koek is the best t oundat io:i f-rc\ i.<i iug it is not too 
weathered, jointed or faulted, in which c^st grouting will 
be necessary . ("are must be taken to erisurv.- there is no 
seepage path be* .ween (J i<.' rock iouiid.ii i oil and the earthf i 11 
dan . 

A clay t our »<1 at ion, if of the sane material as the fill, 
should also be suitable. If soft and saturate!, however, 
additional stabilizing fill will be necessavy. 

Sands arid gravel fourtdat ions are not suitable due to high 
seepage losses. 

Sub-surface investigation is usually done with a hand 
auger boring tool, with test holes sunk to rock or to a 
depth, of three quarters of the proposed dan height. IJrtder 
the dam, a spacing of 20-40 a should be suitable. A test 
trench should also be cut to examine the foundation in its 
natural state. 

The sarae auger boring nethod is used to locate suitable 
fill material preferably in the reservoir area. Soil for 
fill should be sufficiently impervious tx'j restrict seepage 
and should be stable when compacted in a slope. A 
suitable soil contains 25?> clay with the balance of silt, 
sand and gravel. With too much elay, the fill will be 
sensitive to moisture changes, causing it to expand and 
contract; with too little, it will not be impervious 
enough. Test holes in borrow pits should be about 3ra deep 
or 0.6 n below the proposed borrow pit depth. 

Seepage under the reservoir area can be assessed by a test 
using 3m deep test holes, 100 ram in diameter, with the 
toll ow i rig procedure: 

o Select 3 or 4 holes; 

o presoak each hole to a 2 ni depth of water for at 
least 1 hour; 

o commence test and maintain each hole's water level at 
2 n depth, recording the amount of water used; 

o continue for 1 day and calculate average refilling 
rate for egcj-j hole; 

If the rate is less than 3 litres/hr the site should be 
satisfactory and if more than 30 litres/hr, unsatis-
*aetor\. Between these two values, judgement will have to 
• •(•• us<vd to weigh up the ;:>o.l_. -r.t. ial ly high seep jge against 
otl *r lactots. If seepage m-.*.• uretaents are not available, 
•i . , ative assumption would be a nontlily seepage lo s of 
(l.-r.' .>< the volume of water s;.v;od. 
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l o r adeoua* c-1 y .'i.'>s<;:.>sin({ sil.fr- t o p g r a p h y , r e s e r v o i i " s t o r a g e 
and dar. t i l l q u a n t i I : i t s , cor ib jur napp ing a* 1:5000 s c a l e 
* i t h c o n t o u r iril.t-i'v.j 1 s ol 5n, l o t t h e r e s e r v o i i a r e a , and 
1:2000 s c a l e w i t h ccuit o u r i r it .et va I s <>( 2 n t o r t h e dan 
are.-*, s h o u l d be s a t i s i ac* or y . 

Tvf_Mcaj__i)e^J.gns 

Figures 5.5, 5.6 give typical erabankneri* sections for 
snail daras. The following design considerations should he 
taken into account; 

o freeboard - the distance between the top of the dan 
and the high flood level of the reservoir should be a 
n ininura of 0.9 n; 

o foundat ion - necessary cut—off trenches to rock or 
inpervious stratun should be allowed tor; any soft or 
unsuitable ground nust be excavated down to tirra 
ground or rock; 

o consider maxiraun flood discharge tor spillway design 
(see Sect i on 5.5.3); 

o assess loss of reservoir capacity over tine due to 
siltation; make allowance tor dead storage and 
calculate rtininun operating level; 

o preparat ion of catchment (watershed oanagenent) and 
stripping vegetation from submerged area; 

o earth daras should be for full development of the 
source since they are not suitable for raising; 

o do not site new structures ( intakes or pump stations) 
on existing dans or bunds, or allow blasting or 
piling in their vicinity, which nay cause damage or 
instability; (Ret. 24) 

o raake thorough provision for diversion of river flow 
(including likely flood flows) during construction 
stage; a diversion pipe can be built in under the dan 
to act as a future supply pipe or washout; it should 
have anti—seepage collars to prevent it beconing a 
seepage path; 

o prevent erosion of the downstream slope by planting 
creeping grass or other suitable vegetation cover 
(not trees) and on the upstreatt side the dais should 
;>e paved or lined with stone (rip-rap) '.. ,-, height of 
').(:< a above water level; 

o ' ..'p ic.t 1 side slopes 1 < earth enbariknen^s *re as 
'•• > 1 l o v s : 
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CUT OFF TRENCH 

Expected high water lev. 
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1m Freeboard 

1 

t 3m J 

22.5m 

TYPICAL CLAY DAM EMBANKMENT 

TYPICAL SMALL DAM SECTIONS 

FIGURE 5.5 
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NORMAL FREE 
BOARD 

mm GRAVEL BASE 

\J = RIP RAP THICKNESS 
INDIVIDUAL 
ROCK SIZE < d H O M O G E N E O U S F I L L 

(SEMI-PERVIOUS TYPE SOIL! 

BASE OF STRIPPED FOUNDATION^ Sd GL 
8SS>3 

SIDE SLOPES FOR COMPACTION BY MACHINERY 5 EQUIPMENT 

HOMOGENEOUS MATERIAL (SEMI-IMPERVIOUS 
TYPE SOIL) FOR EMBANKMENT HEIGHT UP TO 

6 m 
HOMOGENEOUS MATERIAL (SEMI-IMPERVIOUS 
TYPE SOIL) FOR EMBANKMENT HEIGHT OVER 

6 m up to 9 m 

S 
u 

2 

2h 

S d 

2 

2 

RIP-RAP THICKNESS "d" IN mm 

FETCH IN km 

UP TO 0.6 
OVER 0.6 

MIN. AVERAGE 
ROCK SIZE IN 

mm 

250 
300 

RIP-RAP LAYER 
THICKNESS IN 

mm 

300 
450 

TOP OF EMBANKMENT 

FOR HOMOGENEOUS FILL 
MATERIAL OF PERVIOUS 
SOIL, USE IMPERVIOUS 
CENTER CORE AS SHOWN 

S = 2 
u 

3 d = 2 

Jm_ 

STREAM BED 
OR GROUND\ 
ELEVATION 

I 
I- tm ^ 

j __ 

J 

D 

I 
TYPICAL SMALL 0AM SECTIONS . 2 
NOTE: HEIGHT NOT EXCEE0IN& 9m 

Source: Adapted from Ref. 6 

NOTE 
AT STREAM/BREACH, EXCAVATE 
FOUNDATION TO MIN. 1/3 HEIGHT OF 
EMBANKMENT 

FIGURE 5.6 



Fill Materia! 

Side Slopes 
— _,—. 
Upstreara | lVownstreani 

01 ay , c } ayey sand, 
sandy clay, si lty sand 

si lty clay, clayey 
gravel, si lty gravel 

silt, or clavev silt 

3:1-3.5:1 2.5:1-3:1 

3:1-3.5:1 2.5:1-3:1 

3.5:1-4:1 I 3:1-3.5:1 

typical crest, widths for earth embanknents are as 
follows: 

Height of Dam 

Under 3 t» 
3 - 4.5 B 

4.5 - G a 
6 - 7.5 D 

Top Width 

3.0 
3.5 n. 
4.0 n 

- L 

S£_ijnwavs 

The provision of properly engineered spillways, to pass 
floods larger than the data can regulate, is essential for 
protection of the investraent, security of water supply and 
protection against catastrophic dowstrean inundation. 
Flood waters oust never be peraitted to spill over the top 
of the earth dara, which would cause dan failure. 
Spillways for dans of the size arid ioportance of those 
required by tfWSDB oust be designed to safely pass the 
flood referred to by hydro log ists as the "probable raaxirauta 
flood" (PMF). The probable naxiaura flood is the largest 
flood that could occur at the site under the current 
climatic regime. 

In final design, PMF volunes should be considered, as 
well as peak flows, and the PMF hydrographs should be 
routed through the proposed reservoirs. For the sizes of 
reservoirs considered, attenuation of f lo vJ peaks due to 
routing "would"likely be snail. 

The selection of PMF, and routing the fl<-od through the 
reservoir are beyond the scope of thir nanual, and 
reference should be aade to the Ik.jr.. • gv Division, 
Department of l.rrLgi* ion, and References <•> ,;.d 7 . 
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" h e r e a r e V j r i o u s t. y p e s of s p i l l w . i y s : 

o r i .afur . i l s p i l l w a y ( u n g a t e d ) ; 
•-> g a t e d s p i 1 iway (not . r e . ' onn ' - iKl<v l | ; 

..> clear ovei i a I1 spillway; 
o raorning glory spillway. 

Natural spillways are wcavafwl channels or natural spill 
sites, located with an invert l.-w| «ymai to the reservoir 
top water level. Connenoing with .» broad crested weir, or 
control section the channel <ol suitable section) is 
routed around the side of the dan in original ground, with 
a gradient designed to limit the flow velocity to the 
permissible scout velocity. A terminal stilling basin Bay 
be necessary tor downstream scour protection. Channels 
nay be lined with nasonry or concrete, or un lined. The 
spillway must always be built well clear of the dan, and 
the channel continued downstream, away Iron the downstream 
edge of the dara base, in order ««> prevent erosion of the 
dan by flood water, (see Fig. 5.7) 

Details of other types of spillways are available in 
References (6), (7), (6). 

Regular preventive naintenance and periodic inspection of 
daras by a qualifier] engineer is necessary to ensure their 
safety. 

Coranon problems, which nay lead to failure if left 
unattended are: 

o leakage through the erabanknent; 

o undermining, by flow underneath 1 he structure; 

o erosion of the enbankfient; arid 

o slope failure, or slips 

Check for the following: 

o seepage through the eobankraent or at dovnstreao toe; 

o erosion or irregularity of the slopes-

o novenent. of the eabankoent; 

o burrow in;; by aninals; 

o c-vainf.'na ne and cutting of ,. rass cov-r ing ot 
downs tre m s lope; 

5-15 

http://ri.afur.il


HIGH WATER LEVEL 

DAM EMBANKMENT 

LOCATION OF SPILLWAY 

FIGURE .5.7 



ensure- trees or bushes do not. develop'.on erabankrv-nf -
the roots of which nay torn drainage channels; 

wave daraage to upstream tip—rap; 

sett I era en t or irregularity of crest; 

erosion or debris in spillway channel arid stilling 
basin; 

proper tunc': ionirig of draw—oi:i" works, gates, valves 
pipes and culverts - gates and valves should be 
exercised at regular intervals. 

leakage through or around pipes or structures which 
fori* part of the dais; 

seepage, erosion or other dataage should be treated 
iously and corrective measures taken immediately. 
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PUMP1NG S T A T I O N S 

ScOp_e 

T h i s s e c t i o n c o v e r s b a s i c c o n s i d e r a t i o n s f o r hydrau i i c , s t r u c t u r a l 
and e : ju ipnent d e s i g n of punping s t a t i o n s . For nort? d e t a i l e d 
i n f o r m a t i o n on s e l e c t i o n of puraps, o o t o r s and insf run.-ril , i U o n , 
r e f e r t o Manual 1)5 Mechanic.!) E l e c t r i c a l arid I n s t r uncut at- ion 
Des i gn . 

6.2 y^n^'jiiii.k'^sisrj 

6 . 2 . 1 <>£neraj. 

Centrifugal punps are raost coraraonly used I or purcping 
wafer. The deep-well fur bine punp is a corah it tat ion of 
several stages of centrifugal impellers connect ed in 
series to a conusors shaft. 

There are three different types of centrifugal punps 
depending on the direction of oovenent of water from 
inpeller. These are 'radial flow', 'axial flow' and a 
combination of the two, called 'nixed flow'.. 

The ordinary centrifugal purap (radial flow) is preferred 
lor a wide range of capacities with low—head applications 
and the turbine type is for high heads (with two or uore 
irape 1 lets in series). For large flows under snail heads, 
axial flow puraps are best suited. 

The operating variables of a pump are the discharge, the 
head, the speed of rotation, the shaft power and the 
suction head. Factors to be considered in selection of 
puraps are: 

o capacity; 

o depth of well and pumping level; 

o inside diameter of well; 

o verticality of well; 

o abrasive properties; 

o total head; 

t'-pe of power available; 

o c .-st. 
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Iti select '.if iR a puiap, the operating service charactorisl. i<:s 
should he conparcd to the manufacturer's periornnrice 
characteristics of the selected puap for best efficiency 
and sati sf act or,v operat ion. 

Suet ĵ on_Corid2t tons 

More punping installations fail because of poor suction 
conditions than from any other single cause. A 
centrifugal purap has no capability to "suck" from a lower 
level, such as a well, unless it is initially prioed and 
all the air is retsoved. In constrast, a reciprocating 
purap is capable of self priaing, providing the plunger and 
valves are tight. A centrifugal purap is a kinetic energy 
oachine designed to accelerate a voluoe of water frora a 
low to a high velocity, and to convert this velocity into 
developed head at the punp discharge flange. 

Ket_p^si^j^e_suction_head_j_NPSH2 

For a centrifugal purap to operate, the water raust enter 
the eye of the inpeller under pressure, usually 
atnospheric pressure, referred to as &iet Positive Suction 
Head (NPSH). It is important to realizjp that there are 
two values of XPSH, the a^aj. Laj> le_NPSH, which depends on 
the location and design of the intake system, and can be 
calculated by the Engineer; there is also the recjuî red 
S'PSH, deternined by aanufacturer' s bench scale tests. The 
required VPSH is the suction head required at the inlet of 
the iape Her to ensure that the water will not boil under 
the reduced pressure conditions and the impeller will 
operate sooothly without cavitation. It is essential that 

the v̂aî Jtabj_e HE§b. exceeds the ^equj.red NPSH with a 
reasonable raargin of safety of at least 0.7 to 1.0 n or 
oore if possible. See Figures 6.1 and 6.2. 

NPSH (.-available) = Habs+ Hs - Hf- H v a p 

where NPSH/avvj- lable) *s ^e*- P°sitive Suction Head (n) 

H.̂ bs i-"5 the absolute pressure on the 

surface of the water in the 
suction well (n head of water) 
(see Fig.6.3>. 

Hs is the static elevation (a) of 

the water above the centreline 
of the punp (on vertical turbine 
p-mps above the ent i-anc? eye of 
the first stage i n >e [••< r) . If 
the water level is !>• low f he 
punp centreline, (!s is 
n -gative. 
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VAPOUR PRESSURE (HVQp ) 

FRICTION LOSS IN SUCTION (H f ) 

VELOCITY HEAD LOSS 
IN SUCTION PIPING (V72g) 

N P S H FOR 
CENTRIFUGAL PUMP 

WITH LIFT 
FIGURE 6.1 
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vVAPOUR PRESSURE (HVQp.) 

FRICTION LOSS IN SUCTION BELL 
(H« ) . 

VELOCITY HEAD LOSSo 

IN SUCTION PIPING (V72q) 

N P S H FOR 
VERTICAL TURBINE PUMP 

FIGURE 6.2 
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Uf is the lri.ci.iort head at id 
ent i ance losses in the suction 
piping (ra). 

It ,, is the absolute vapour pressure 

oi water at the punping 
tenperature (m head of water) 

it 

A Standard Atnosphere" at sea level is equivalent to:-

1 atnosphere = 14.7 lbf/in2 

= 760 rars of nercury = 1014 n bar 
= 29.92 inches of nercury 
= 33.93 feet of water 

With changes of altitude, the "Standard Atnosphere" is 
nodified <see Fig. 6.3). Storns will also cause the 
atnospheric pressure to drop by up to 15?;. 

The vapour pressure of water increases with temperature 
which also reduces the available pressure at the puop 
suction (see Table 6.1). 

Exaa£>j_e: 

A 200 1/s vertical turbine punp is located at 1500 ra above 
sea level and is punping water at a aaxinun temperature of 
36° C. The suction bell is 600 n»r» in diameter reducing to 
300 an diameter at the first bowl assembly. The water 
level is never less than 2.3 B above the first stage 
inpeller. What is the available NPSH under the worst 
conditions? 

KPSH available = Habs + Hs - Hf - Hvap (a H20> 

Habs = 630 nra Hg (see Fig 6.1) 
= £2Q_i_i^33322 ra H20 (see Table 6.2 

98.0665 Notes) 
= 8.56 n x 0 .85*( fo r stores cond i t ions ) 
= 7.28 n 

Hs = 2.3 ra 

Hr =0.1 _V^ for a suction bell 

Where V = Q = 0^200__ = 2.63 n/s 

A 77:0.3-/^ 

H, =0.1 ._2^83^ = 0.04 o 

2*9.73 
H ,t = '-.67 n (Table 6.2) 

Th-rofore STSU = '\28 + 2.3 - 0.04 - 0.67 
ava i 1 

= "..87 n 
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• 

Water 
Teoperature 

o F 

40 
50 
60 
70 

| 80 
90 
100 
120 
140 
160 
180 
200 
212 

/ i 

4.4 
10.0 
15.6 
21.1 
26.7 
32.2 
37.8 
48.9 
60.0 
71.1 
82.1 
93.3 
100.0 

Absolute 
Viscosity 

(Centipoises) 

1.54 
1.31 
1.12 
0.98 
0.86 
0.81 
0.68 
0.56 
0.47 
0.40 
0.35 
0.31 
0.29 

Table 6.1 
Properties of Water-

Spec it ic 

16 °C 
Rei erence 

1.001 
1.001 
1.000 
0.999 
0.998 
0.996 
0.994 
0.990 
0.985 
0.979 
0.972 
0.964 
0.959 

Grav i t v 

21°C 
Reference 

1.002 
1.002 
1.001 
1.000 
0.999 
0.997 
0.995 
0.991 
0.986 
0.979 
0.973 
0.966 
0.960 

Specif ic 

lb/ft 

62.42 
62.-38 
62.34 
62.27 
62.19 
62.11 
62.00 
61.73 
61.39 
61.01 
60.57 
60.13 
59.81 

| 

Weight: 

kg/1 ; 

1.000 
0.999 J 
0.998 
0.997 
0.996 : 
0.995 i 
0.993 : 

0.989 ; 
0.983 
0.977 ; 
0.970 ! 
0.963 j 
0.958 : 

- i 

Absolute • 
Vapour 
Press 

nbar 

8.39 
11.85 
17.67 
25.03 
34.95 
48.14 
65.45 
116.66 
199.19 
326.88 
517.60 
794.69 
1013.25 

lal^ 0 • 

0.09 ; 
0.12 
0.18 
0.26 
0.36 
0.49 
0.67 
1.19 
2.03 
3.33 
5.28 
8.10 
10.33 ; 

Corivers ion Notes: 

1 nbar 
1 an Hg 
1 B H20 
1 l b / f t 3 

1 a 3 

1 l b f / i n : 

100 N/B* 

1.33322 aba r 
98.0665 rabar 
16.0185 kg / a 3 

1000 1 
6694.76 N/a2 
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Table 6.2 

Pumping Efficiencies and Costs 

Pumps 

Hor i zontaI centri fuga I 

Vertical spindle shaft 
driveri 

Subnersible 

Electric motors 
For horizontal puaps 
For vertical puaps 
For subaersibles 

Variable speed 

Efficiencies 

Medium size 60 to 62? perhaps 85? large 
size. Even higher with special con
struction but at higher price. 
Tending towards about 3? less than the 
horizontal centrifugal 
75 to 81? and can be lower to about 70? 
for saall sizes. Generally about 3? less 
again than the vertical swindle punp, 
the reason being that the pump is 
restricted in diaaeter 

93 to 95?. Fixed speed a.c. induction 
90 to 94?. Fixed speed a.c. induction 
85 to 89?. Less than the above because 
of the restrictions iaposejd on the design 
About 3 to 5? less than wuth a squirrel 
cage a.c. motor 

Overall Fuel Consumption and Cost 

Electrical driven puaps 

D i ese1 eng i nes 

Capital costs for 
coeiplete e lectric 
driven pumping sets. 
(These figures include 
switchgear arid station 
pipework) 

About 1.0 kW for every 0.75 kW of water 
power output; this implies an overall 
efficiency of about 75? which would be 
usual. Up to 1.3 kW per 0.75 kW water 
power output or higher for snail puaps 
or variable speed puaps. (0.75 kW is 
approxiaately equivalent to 1 bhp in 
in British units since 746 watts = 1 bhp) 

0.21 kg of diese.1 fuel oil consuaed per 
kWh of engine power exerted would be 
considered good (0.35 lb per bhp hour). 
0.28 kg per kWH not unusually high. For 
lubricating oil add 5? to fuel oil cost. 

Refer to Costing Section, P&D Departnent 

Source: (Adapt -d fron Twort, Water Supply, 1985 
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For this installation the required S'PSH of the selwiwJ 
punp should not. exceed, say, tf.(! n (allowing 0.B7 n as a 
safety nargin. II should be noted that the required S'f'SH 
increases as i he capa* ity oi the punp increases beyond the 
nornal operating range (Fig 6.4) 

Cavj.ta*__ion 

Cavitation is defined as the tornat ion of cavities beneath 
the back surface of an inpeller vane and the liquid 
nornally in contact with it. 

It can be caused in a centrifugal purap by 

o the inpellet vane travelling faster, at higher rpn 
than the liquid can keep up with it. 

o by a restricted suction. Hence, never throttle the 
suction of a centrifugal punp. 

o when the Lf̂ l'jlLl̂  .̂ESL! *s equal to or greater than 
the avaiiabj_e_yPSH. 

o when the specific speed is too hig& for opt.inun 
desigri paraneters. ? 

o when the teciperature of the liquid is too high for 
the suction conditions. r 

The cavity consists of a partial vacuum, gradually being 
filled with vapour as the liquid at the interface boils at 
the reduced pressure in the cavity. As the cavity ooves 
along the underside of the vane towards the outer 
circumference of I he inpel ler, the pressure in the 
surrounding liquid increases and the cavity collapses 
against the tip of the irapeller vane with considerable 
force. A punp which is cavitating can usually be detected 
by the noise inside the casing, but this is not always the 
case. When a punp inpeller is exanined, the; evidence that 
cavitation has occurred will be deep pitting and general 
erosion on the under-side of the vanes near the outer 
periphery. If a punp is cavitating due to a temporary 
upset in the systera, it can societiiaes be reduced by 
allowing a snail anount of air to enter the pump suction 
or by throttling the punp discharge valve. These are 
tenporary expedients, used only until the problea can be 
f ina1ly elirainated, 

In order to prevent cavitation in centrifugal puraps, 
taction head should be carelully evaluate!. Suet ton 
f ipi'tg should be as sh r' ..-.•> possible and the eloity in 
i he pipe sh*».ld no' ••>.>•* -I 1.5 n/s. Where s'.ra'i iters are 
used, the w.J erway area --hould not be less than 'f tines 
the area of the suction pipe. Total punp suction which 
includes static lilt ,,s veil as friction losses in the 
pipe and fittings should b- considered carefully with due 
attention to punp speed, water temperature and site 
elevation. Refer to Anne. ; ior nore details of selection 
of the proper suction condition. 
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Iij--iJ-^-i:_S!J!!jE2 

Intake sunp designs have changed considerably during 
recent years. Complicated battle wall designs, are not. 
favoured since they Lend to cause vortexing; however, ii 
is important to ensure that one side of; the suction bell 
is close to one wall of the purap chamber, and that the 
Ijottora opening is reasonably close to the floor. 
Additional side clearance is necessary for vertical 
turbine puops, particularly if they have a deep setting 
and snail diameter columns, since the lower extremities of 
the punp colutan will gyrate. If this raoveraent is 
restricted by rubbing against the wall, bearing problems 
nay develop. See Figure 6.5. 

Protective screens should always be provided whenever 
there is possibility of suspended or floating debris 
entering the punp suction. A bail of discharged 
electrician's insulation tape or a roll of plastic foil is 
particularly damaging to the bowl assembly of a 
multi—stage vertical turbine. However, wire screens, 
bolted or welded directly on to the suction bowl as 
protection devices are not: recoanerided. They can cause 
serious suction problems if they bee-one plugged and there 
is always the possibility that they may corrode, fail, and 
be drawn into the purap suction causing the damage they 
were designed to prevent (see Sect ion £".-4) 

l.ovf level cut—out 

A low level cut-out switch should be installed on the punp 
side of the screen to stop, the punps when there is 
insufficient water in the punp wet well to provide 
adequate .wai l.abl_e_NPSH. 

The total discharge head of a puraping installation 
consi sts of: 

o Static head or static lift. 
o Friction head or dynanic head 

Static T^head: This is neasured frora the surf ace of the 
liquid in the suction well to the surface of the liquid at. 
the discharge reservoir. See Figure 6 .(•. Variations in 
terminal levels both at. the suction well arid at the 
discharge reservoir nust be c< ns ' der -1 when c;-Icutat ing 
the upper an-! lov,er limit;- of the static Itead. 
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LLii^AiiL' iJtt-J'l'- This is the head Lost in overconitig pipe 
friction and depends "iron the size of pipe, snoothness oi 
the inside surface, the number and type of fittings, 
or it ice plates and control valves, velocity of flow, 
viscosity, arid density of the liquid. 

Totaj. b£2^ : ^ne iota I head developed by the purap can be 

expressed by the following equation (see Figure (> .(:>) 

Punp with suction lift -

H = h d + h s + f d + f s + Vj|_ 

2g 

Punp with suction head -

H = hfj - h s + ifi + f s + V^ 

2 g ; 
Wher. 

H = Total head in oetres of liquid puraped when 
operating at the desired capacity. 

i 

ht,j = Static discharge head in raetrej., equal to the 
vertical distance between the pump datura and 
the surface of liquid in the discharge 
reservoir. The datura is taken, frora the shaft 
centre—line of horizontal centrifugal puaps or 
the entrance eye of the first stage irapeller 
of vertical turbine punps. 

h^ = Static suction head or lift in aetres equal to 
the vertical distance fron the water surface 
to the puop datura. K'otice that this value is 
positive when operating with a suction lift 
and negative when operating with a suction 
head. 

i'f| = F'riction head loss in the discharge pip>ing 

neasured in net res . 

f s = Friction head loss in the suet ion piping 

raeasured in raetres. 

V̂ _ = Velocity head in netres as neasured at the 
2g discharge pipe. For raost purap ing systens it 

is a saall percentage of the total head an J is 
usua 1 ly erroneous 1 y ri'-g lected. 

S vs t _.*in_ ae a* i_curv-? 

The total discharg-v head is ;:'oand iron a syst.^n heac 
curve, p let ted for various cortdi* ions of f U >v . A typical 
systen h-.'a<! curve with two punps. operating in parallel i:-
shown in figure 6.7. In this instance, the systen head 
curve is v ry flat, since only a v-ry snail portion of ta-
total head is due to friction, and the two punps ic, 
parallel will deliver alnost double the flow of a single-
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It, however, the system head curve is st« ep due to high 
i'l ict ion losses (see Figure 6 . 8 ), the second punp 
oper.it i rtg iri par. il lei with the first punp will deliver 
consider ah ly less than double the original flow. The 
friction head loss in a pipe systen i-s approximately 
proportional to the velocity squared, i.e. if the velocity 
is doubled, the head loss will be approximately four tines 
the original value. This is i 1 lustrate.J in figure 6.W 
where one punp will deliver 220 1/s against a system head 
of 52 n. If, however, two punps are in parallel, they 
will deliver 325 l/s <48% increase) against a system head 
of 90 n and will absorb approximately 360 kW eonpared to 
1.40 kW for one purap only. This represents a 4ft£ increase 
in flow tor over 2.5 tines the horsepower. 

£U5L*_ iJi SijL'i?!'Ei__ t!£_s! 

The purap discharge head can be specified in different ways 
depending on the particular design code. 

With horizontal centrifugal puraps, it is usual to define 

the Tota_ OyL'^Sit! !j£_li iX2dl» a s ^-ne difference between 
the elevation corresponding to the pressure at the 
discharge flange of the purap and the elevation 
corresponding to the vacuus or pressure at the suction 
flange of the purap, corrected to the sane datura plane, 
plus the velocity head at the discharge flange of the 
purap, ninus the velocity head at the suction flange of the 
purap. 

Purap^_2n_P^raJ. J. el. _and_seri.es 

When punp i rig requirenents vary, it is conoon to install 
one or more puraps in parallel rather than use a single 
large one. As the denand drops, one or oore puraps nay be 
shut down, allowing the others to operate at. nay. iraura 
efficiency. Moreover, this arrangement allows easy 
maintenance of each punp in turn. Punps nay be used in 
series when water has to be delivered at high heads. 

Provided the punps have the sane operating character
istics, the total discharge of several punps in parallel 
is the sura of the individual purap discharges: their 
shut-off heads should beebout the sane or sone punps will 
be ineffective^ • ••- Careful analyses of the characteristics 
of punps are necessary for efficient operation of punps in 
parallel. 

In tiv- case of punps of era* ed in series, tlv t- tal head 
tor an • flow is equal to the s'inv of the individual he a s. 
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Sbal"t_St_>eod 

The deve loped hir.'id of a oeritr i lugal pump is p» -oftort . iona I 
to * he per ic.herai speed ot the impeller. A speci 1ic 
developed head can be obtained either by installing a 
larger diameter impeller and operating it at a lower-
speed, or by installing a smaller diameter impeller and 
operating it at higher speeds, so that the circumferential 
velocity in both cases is the same. 

The smaller impeller is housed in a smaller casing or bowl 
assembly, and can therefore be built at a lower initial 
capital cost than the larger, slower speed unit. The 
faster the shaft revolves, the greater is the wear in the 
hearings, wear rings, neck bushings, sleeves, and stuiiing 
boxes. It is reported that the rate of wear, and 
therefore Hie maintenance costs are proportional to the 
shaft speed squared, so that doubling the speed may result 
in four tines the wear. Vibration becomes nore pronounced 
in amplitude as the wear increases the running clearances, 
and since vibrations occur at greater frequency with 
higher shaft speeds, maintenance costs are higher than 
those of lower speed machines. If pumps are to be 
purchaser! on the basis of the lowest bidder, higher speed 
pumps will invariably be the result since they are less 
expensive to build (but more expensive to maintain). Shaft 
speeds are normally 1450 or 2900 rpm. 

The most troublesome maintenance item of a centrifugal 
pump is the gland; whether a soft packed stuffing box or a 
mechanical seal, it will give far less trouble if it 
operates at a lower shaft speed. 

There is obviously an optimum balance between lower 
capital and higher maintenance costs as opposed to higher 
capital and lower maintenance costs. With increasing 
inflation, maintenance costs are rising sharply, and 
therefore must be considered when selecting high speed 
pump i rig equ i pment. 

Vari_abj_e_S^eeds 

Variable speed drives are becoming increasingly popular. 
The following pump characteristics are irif luenced by shaft 
speed:—: 

a) Flow (1/m) varies directly with (rpm) 

b) Head <rn> varies as the (rpm) 

<:) Horsepower (kW) varie- as the (rpm) 

To be able to reduce the rpm is analogous to having an 
inp.ller of variable dianet>r. 
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1 nit. ial ly, the only variable speed drives avai lab If were 
engines, steam arid water turbines, or wourid rotor notors. 
Later, induction notors witlt electro—magnetic drives 
became available- and, in the last, few years, solid state 
variable speed controls tor standard squirrel cage 
induction notors have been developed. The later devices 
are 1 inited in their range and reduce the lull load speed 
by approx-inately 20£. However, in most cases, 20?> is all 
that is required to reduce the speed ot a pump notor since 
the developed head is proportional to speed squared. A 
reduction in rpra of 20V> would result in a 36£ reduction in 
head, which is usually all that is required to reduce the 
developed head to below the system head curve, with the 
result that the puiap capacity, in relation to the system 
head curve, is reduced to zero. 

The wound rotor notor, however, still has a place, 
particularly where engine driven generators are installed 
to provide power to operate the pumps during periods of 
failure of the normal power supply. The starting current 
of a standard induction notor can be up to six tines the 
normal full load current. Even with low inrush current 
notors and reduced voltage starting, the starting current 
Bay be as much as three tines the normal full load 
current. However, a wound rotor wotor can be started at 
reduced speeds below full load current; consequent ly, the 
capacity of the engine—driven gerirator can be reduced to a 
nominal full load capacity machine, eliminating the 
necessity to purchase additional horsepower for the sole 
purpose of providing starting current. 

Affinitv_Laws 

The relationships between flow (1/ra), head (si), horsepower 
(kW), and shaft, speed (rpra), defined above, nr*i referred 
to as the "affinity laws," and are shown graphically on 
Figure 6.9. 

When selecting the most suitable pump from a number of 
supplier quotations, it is advisable to plot all the 
curves on the sane scale. Figure 6.10 shows three typical 
tt-Q curves froa three different manufacturers. Curve A 
has preferred characteristics to B or C, since it has a 
lower shut—off head and generally better performance 
characteristics to the right of the rated point. This 
pump was selected and, when it was factory tested, the 
curve shown as AA on Figure 6.10 was the ac-.uaI certifievi 
Performance curve. 

1! ra»jst be emphasized that published characteristics 
performance curves are at best only good approximations, 
aiiJ a manufacturer will guarantee only one or * wo points 
or. the H--Q curve generally in the range or max imun 
ei ficiency. 
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!• is i".l i t" i \<:>; 1!. to *• ••.-:-. '•. a punp on site ir» eonplete 
aocor dance with the : eon i r orient s of the standard factory 
test. Therefore, the on I;, way ir* which NWSDB cari he 
•:e; * a in that it is geS ' ing 'he performance specified is to 
witness the factor;-, 'es! and nake certain that the punps 
are tested iti accordance with standard requi reraents and 
that they are capable of producing the performance 
• diar actet i si ies quoted in the sp«;' if teat ions. If the 
w itnessed factory tests do not con*? >jp to the- standard.'* 
:.nf. icipafevj, it is usually possible to polish the 
impellers or the diffuser vanes in the casing, until the 
r«|u ired results are obtained. If the pub I ished 
characteristics cannot be obtained by modif icat ions to the 
impel ler or casings, the manufacturer should reimburse 
VWSDB accordingly. [( i* is ineonvenierit for an NWSDB 
representative to witness the test, S'b'SDB should insist on 
a signed certified performance curve giving-the necessary 
data obtained under test bed conditions. 

The efficiency of a large installation can be a critical 
factor when choosing the optimum pumping r units from a 
nunber of coopet.itive quotations. This can be illustrated 
by the following example. 

A municipal pumping station is to house three vertical 
turbine pumps, each capable of pumping 190 l/s against a 
60 ra head. Three punps will operate together in parallel 
for 50% of the year, and two pumps in parallel for the 
remaining tine. The average power cost for the whole 
station can be taken at approximately Rs.1.45 * per kWh. 
Calculate the nonetary value of one percentage point of 
efficiency. 

From a brief look at a nunber of catalogues, it. would 
appear that most manufacturers have punps capable of this 
performance at efficiencies ranging from 83 to 87%. Using 
85% as an efficiency datun: 

Horsepower kW = '±^Tll-^-12{lJl(l 
1000 0.65 

= 131.4 kW 

Efficiency '-of a 150 kW induction motor will be 
approximately 92? plus a further 2% for transformer and 
switchgear losses, so that the overall electrical 
efficiency will b j approximately 90S; (Vote that, power 
factor is no I a! low -T for in this example). 

Kilowatts per pur.pi .,-', unit = lî ij.̂  = if*(i^L!_hy 
0.9 

* E x c l u d e s f u e l ad)••:st merit c h a r g e , s e e CEB t a r i f f Annex K. 
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To* a I hours pet %•'.-. tr (365 days) -• 8760 hours. 

F 01 - 3 punps in opei .ji ion lor 50? of t h e t i n e : 

3 x 8760 >: 0.5 x 146 = 1.92 x 106 kWh 

F'or 2 puraps in operat ion for 50? of t h e t irae: 

2 x 6760 v _50 x 148 = 1.28 x i o 6 kWh 
100 

Total power consumption = (1.92 + 1.28) x 10fo) 

*6 3.20 x 10° kWh per ye.sr 

» 

Annual power costs at. Rs.1.45 per kWh = Rs.4.64 nil Hoi, 
per year-. 

FYoia a sinilar calculation, but. using a purap efficiency ol 
84? instead of 85?, the annual power cost, would araount to 
Rs.4.68 nil Hon, an increase of Rs.40,000 per year, which 
is approximately equivalent to a capital expenditure no* 
of Rs.400,000 based on an interest rate of 8? for 20 year , 
(present value). This sum divided by 3 is equivalent to 
Rs. 133,000 per punp per 10? of efficiency. 

See table below for conparision of the other quotations in 
this example against the "datun" of 85? efficiency: 

1 
jQuotat ion 
j Muober 

1 l 
'"!> 

i 3 
! A 

i " 

Basic 
Unit Pri< ;e 
Rs .ni 11 iort 

2.105 
1.957 
2.162 
1.878 
2.276 

Punp 
Efi ic iencv 

(pet c en t ) , 

85 
84 

! 86 
8 3 ^ 

| 87 

Bonus o r 
Penal ty 
Rs.ra i11 ion 

+ 0.133 
- 0.133 
4 0.200 
- 0.266 

Comparative 
P r i c e 

Rs.iai 1 Hon 

2.105 
2.090 
2.029 
2.078 
2.010 j 
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Ori the basis of comparative price, Quotation 5 is the 
'"best, buy." Provided the pumps -ire to be tested in 
accordance with recognised standards* and competently 
witnessed, there should be no difficulty in ensuring that 
the punps are capable of their specified test bed 
performance. However, the question as to wheher or rtot 
they will continue to operate at the specified efficiericy 
with the minimum of naintenartce depends upon shaft speed, 
puop design, workmanship, eateriaIs of construction, 
column diameter, lubrication, bearings, and other 
features. Therefore, it is essential to ensure that, if a 
premium price has been paid for a high efficiency pump, 
the efficiency can be maintained at its peak performance 
throughout its economic life. Otherwise it would be 
better to recommend Quotation 3, or even Quotation 1. It 
is assumed that all other annual operating costs are the 
same for the five quotations. 

Typical pump and motor efficiencies and costs are given in 
Table 6.2 and useful formulae in Table 6.3. 

Pumps used in water and sewage pumping facilities are 
designed for continuous operation and do riot need to rest, 
although their operators may do so. Identical pumps 
should be alternated, if not on each pumping cycle, at 
least weekly. This is not for purposes of rest but rather 
to equalise the wear and to be sure each pump is kept in 
running order. Where differenct sizes of pumps are 
involved, the proper size should be used to fit the 
pumping needs, regardless of whether it has just been 
running. Wet well size and pumping cycles should be 
selected to avoid any problems due to too frequent starts 
and stops. 

The operating temperature of motors is normally about 10°C 
above ambient, depending on the effectiveness of 
ventilation, and therefore will normally in Sri Lanka run 
at about 40 - 45°C, which will feel hot to the touch. 

Suctu:-as- Hydrau1ic Institute Standards of the US 
Hydraulic Institute. 
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Purap> & Motor Efficiency Formulae 

Overall e{ficiency = Wa^er^hor^eixwffL' 
of p<;np/rK>tor comb in.at ion Wire hor -sef>ower 

Water horsepower (whp) = ^ _ H (hp) where Q in gal/nin 
3300 H in feet 

= .1134 OH <W> Where Q in n3/d 
H in n 

= 9 . 7 9 7 QH (W) where Q in L / s 
H in EI 

Wire hc-rsefwjwer = V I | 3 Cos (U (W 

Where Cos (J! = Power factor (0.8 - 0.9) 
V = volts 
1 = anps 

Required BHP of punp (W) = whp 4 punp efficiency 

J,1134^_ 
(P.EFF) 

- iII2^i_Qj.bi where Q in ra3/d, H in n 

Require not or hp (W) = . U 3 ^ _ y ; 

(P.F.FF). (M.EFF) 

Power used (W) = Al^_QJA^ 
(P.EFF). (M.EFF). (P.F) 

Note 

1) Power used in raising 1000 ti3/d »> 8.81 n = 1 kW at 1002 efficiency. 

2) 1 l,p = .7457 kW 

3) P.EFF = Punp efficiency 

M.EFF = Motor efficiency 
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I he proper V».JV to evaluate motor t eoperature is with a 
I.hei•nont.'ier. If the ambient temperature is normal, the 
venl il.»t ion adequate, arid the amperage within the 
allowable range, the motor should not overheat. One thing 
th.it o.-jn cause a BO tor to get hot is rapid cycling — being 
turned on and off too frequently. The excessive current, 
required for starting the Eiotor accumulates heat faster 
than it can be dissipated by the nornal cooling system of 
the notor. For this reason, large motors are usually 
limited to about six cycles per hour or even less. 

Pumping plant, therefore, should be designed on the basis 
of 24-hour pumping at the design (or stage) year, not 20 
hour pumping with a rest period. This may be reduced, 
l»owover, on the basis of operator shift periods where the 
pumping hours are limited due to cost or source 
constraints. Pump capacity should not exceed the yield ot 
a groundwater source. 

Sti2ijc;t_ur;aJ__()«1-5>j_gri 

Take into account the following design considerations:, 

o purpose of building, functional requireeents; 

o external appearance and architectural design; 

o area requirements for building, access and possible extension; 

o site fencing and security; operator facilities; 

o subsoil conditions, groundwater arid existing services; 

o vibration, noise, insulation; 

o windows, - lighting and ventilation, equipment access and 

renovvi 1; 

o type of construction and materials - reinforced concrete, 
prestressed, insitu, precast, steel frame, brick or timber; 

o type of foundations — piled, raft, strip footings, allow for 
sump and ducting; 

o stability - settlement and overturrtirg; 

o structural naterials specification.-- arnJ quality - cjnci-te 
grade, r..-i tforcenent, brick and r.ortar quality, grade of 
structural st-.-el or timber; 

o movement join's; 

o finishes - cladding, floor, walls, <••<>--•{, ceiling; 
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o requirements t'or interri.il crane or equipment hand I irig 
apparatus. 

o structural analysis for service arid erection conditions; 

o design of individual elements - characteristic stresses will be 
as recoranerided by the applicable codes (see Annex B) and in 
general will be: 

(>>ncrete fCIJ = 20 MPa for nornal structural 

concrete cube strength at 28 
days. 

25 MPa for water retaining 
structural concrete 

Reinforcing Steel f - 250 MPa for nild steel. 

410 MPa for high tensile 
steel. 

Structural Steel f " 250 MPa. 

Allowable soil bearing, pile, shear and friction values will be as 
determined by the results of soils investigations. The bearing on 
concrete piles will be determined by pile size and subsoil 
conditions. Loadings considered in the design of the structure 
should include the following: 

o dead weight of the structure; 

o dead weight of the pipes including weight of the contained 
water; 

o reactions due to hydraulic thrust and internal water pressure, 
including water banner surge pressure; 

o hoisting and lifting loads; 

o nechanical and operating forces; 

o e x t e r n a l earth—pressure a g a i n s t s t r u c t u r e s ; 

o foundation bearing pressure, differential settlement and/or 
hydros tat i c loads; 

o tracti • Live load, where appl icab • •••: 

vi seismic loads. 

I.'riiforo live loads should be established by the applicable codes. 
Concentrated loads, including cono utrated erection loads, should 
govern th* design where the resultant effect is greater than that 
of the uriifctea live loads. Concrete members subject to water 
pressure should be designed usir.g service loads arid permissible 
service load stresses for all conditions of loading. 
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Tanks sub }<s:t to floatation whcii enp* y should be resisted iron 
up i. it t ing due to high groundwater le\ el or recurring J loods by dead 
weights of stru.--lures using .1 safety factor of 1.5 or protected 
with interior relief valves or under -dra in systems to neutral ise 
the effect of uplift . 

A reasonable resistance to seisnio loading witltout any significant 
extra cost may be by the use of reinforced concrete framework for 
super-structures. Connect ions for structural steel members should 
be bolted whenever necessary. 

fivery effort should be made to rairtirai.se the pumping head by careful 
location of structures. 

Other criteria regarding building use and safety are as follows: 

o stair criteria: maximum rise 200 GIB; minimum rise 125 mm 
rainimura run 230 no; rainimun tread width 
250 sin 
run tines rise, > 45,000 < 46,000; 

o headroon for stairs, from outer edge of rising, 2.05 ra minimum, 
preferred 2.35 ra based on 760 tars arts swing; 

o vertical height between landings < 3,6 ra; 

o at least three risers for interior stairs in any flight; 

o height of handrails for stairs between 800 and <->00 tan; use 840 
raja; maintain 40 Bra clearance between handrail arid wall; 

o height of guard-rails for open—sided floor, working platforms, 
walkways — 1070 tan, with intermediate rail and toe—board or 
curb 100 mm high; 

o use flights of stairs with landings for conventional pump 
stations, anri vertical ladders for prefabricated stations. 

o do not use fixed ladders in pitch range of 60° to 75° fron 
horizontal; 

o do not use cicular steel stairs with centre post; 

o provide safety cages with vertical ladders; 

o provide miriimum _of _ 0t6 a clearance on all sides of equipment 
where acr.-ess'rof^ai7itefiance is needed; 

o provide minimum clearance of 0.6 ra behind arid in front of floor 
counted control panels; 

o ins'all floor drains or sutps with sunp pump- adjacent to 
«.«ii f.-f-s of spills in buildings, galleries or dry wa1 Is; 

o for diesel or gasoline optrated punps locate notors and 
,'jfXf.'S: or ies away iron sump to .void contamination 01 supply; 

6-28 

http://rairtirai.se


.".:• slope bu! Id i r.jj,, ,.',.-j'. i ••;(•>' or dry well, floors to floor drains; 

o do not drain seal water across I loots; pick up at. discharge 
point; 

o provide supports, concrete pads, under valves: remember that a 
300 am gate valve weighs 300 kg; 

o to determine* size of access openings, raake layout of unit in 
question; remember that, bonnet of gate valve is larger than 
t iange dimensions; 

o provide access openings in floors to take largest piece of 
equipment without, disasseebly; 

o provide space to move equipoent horizontally to access opening, 
for remova1; 

o make sure that you have raearts of removing any piece of 
equipment, i.e., dry type transformer hung from roof arid 
i nacoess i b1e; 

o reinforce access opening gratings or cover in floors where 
trucks can operate, or use raised curb around opening; 

o seal all pipes and conduits going through coranon wall, wet well 
to dry well; 

o provide complete separation bwetween dry and wet wells; 

o de-sign wet well wall for the eaxiaun water level in the wet 
well obtainable, such as under power failure condition; 

o provide openings for pipes passing through walls, to be grouted 
in later. Do not count on pipe with its thrust plates being 
available at time of pour; 

o provide sleeves on conduit in walls tor flexible type pipes; 

o do not use aluminium windows in chlorine rooms, the aluminium 
will be attacketl by fumes unless painted; 

o use portable ladders in hazardous areas instead of Ban—hole 
steps, to discourage easy access. 

A typ ica l in take _£Hjnap_statiori i s shown in Figure 6 . 1 1 . 

General references for structural design and detailing are Refs. 
(10) \o (16). 
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All essential pompi fig systems should include stand-by 

pumps and motors to provide a reserve capacity ot riot, less 

30?> as follows: 

Duty pumps 1 2 3 4 5 
Stand-by pumps 1 1 1 2 2 

Greater reserve capacity, either connected or on hand, may 
be warranted for special types ot pumps, in applications 
where failure is expected to be frequent, or where 
continuity of supply is especially important. 

All essential pumping systems using electric motors should 
be provided with an alternative source of power, usually 
an engine driven generator. If engine driven pomps are 
used instead of generators as back-up for electric pumps, 
the system must be capable of operating without electric-
power supp1y. 

All pumping systems should be investigated for potential 
problems of surge and be given adequate protection (see 
Section 6.5). 

6.4.2 B£2i£L:_2«t^il2 

Remember the following design details: 

o locate valves on suction and discharge sides of pumps 
for ease of working on, or removal; 

o arrange mechanical equipment (pumps, motors, blowers, 
etc.) where individual components weigh in excess of 
45 kg to allow for means of mechanically lifting 
equipment for purposes of removal, installation, and/ 
or maintenance; 

o use flexible couplings for inlet and outlet pipes (if 
required) for ease of assembly, and removal. Consider 
flanged elbows for discharge, pipes; 

o on dry sides of water retaining structures, provide 
solidly connected valves on pip*; 

o install flanged adapters on downstream side of 
watermain valves; do not put on upstream side; 

o fsrovi.de built-in catch basin:; or channel grooves to 
contain any leaking oil i~ro''i oil-filled stationary 
equipment (hydraulic controls. | jnps, blower gear 
drives). Provide drain valv-.-s with safety plugs at 
units; pip*.- to drain pans. 
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<-' f t -ry. • id-r n<>vhari ica! of^r.itors on valves mounted higher 
thai. \ J'< n above floor. 

o use solid piping or equivalent on pump discharges; 

o uso joint harness across flexible couplings to take 
thrusts; 

o do not expect flexible coup I i rigs to transnit vertical 
loads; they are not designed tor this. Use supports 
on each side oi coupling. 

o remember that forged steel, welding fittings, 350 on 
arid above, are 0.D pipe size. When connecting to 
punp flanges, you will have 20 tan protrusion into 
flow. Consider fabricated steel fittings, with I.D. 
pipe size. 

o do not use raised face steel flanges "nating to cast 
iron flanges. Use flat face flanges, carbon steel 
bolts and full face non-metallic gaskets. 

o consider mechanical method of Lifting debris trora bar-
screen raking when elevation is nore than 900 no 
below ground level. Always use debris dewatering 
platforra. 

o provide proper ventilation: for ventilation of punp 
stations, always force air into the wet well instead 
of exhausting it; 

o beware of cross-connections; do not provide physical 
connection between potable water supply and sewage 
punp seals. Consider positive break with air gap and 
seal water- punp; 

o do not locate valves in wet well. 

o provide pipe sleeves in floors, projecting 100 rao 
above floor, where pipes are not grouted in; 

o provide curbs on which to raount equipment in areas 
where wash down operations will be carried out; 

o protect electrical controls iron splash during wash 
down of»erations; 

o consider 25.4 no dianeter tiosebib for washdown, with 
no nore than 15 n of tio.se f<r washdown; 

<> do r.ot u.-se PV'C pipe for at>o\->-:-;; ourtd air deader. 

;•• avoid ; !:'•••<? of light—weigH s 'rice gat :.-s: they are 
inacequ.'.-! e for raost intended sc-i • ices; 
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o provide guards on or around all nechanical equipnent 
where operator Day cone in contact, with belt drives, 
gears, chain drives, rotating shafting and ttie like; 

o give elevation of cutoffs, start and a l a m s for level 
probe in wet well; 

o coordinate between civil electrical and mechanical 

work; 

o make sure that PRV or altitude valve is suitable for 

purpose. 

A centrifugal pump should be started with a closed or 
restricted discharge valve. At shut-off head and zero 
flow, there is no danger of cavitation, and the punp is 
operating under stable conditions with nihiraun horspower 
and presuuably adequate net positive suction head. A 
vertical turbine punp at shut-off head has naxinun 
downthrust. However, once stable conditions have been 
established, the punp oust not be pernitted to continue to 
operate under shut-off head conditions for nore than a few 
seconds, since heat will be generated in the bowl assembly 
or casings, equivalent to the horsepower input at shut-off 
head. There would be sone cooling fron the water in the 
wet well surrounding the bowl assenbly; however, it would 
not be long before the water in the bowl would be boiling, 
the water in the colunn would be displaced by stean, and 
the shaft bearings and stuffing box or nechanical seal 
would run dry, resulting in considerable danage. 

It is sonetines expedient to operate a punp for short, 

periods at shut-off head, but there nust be sufficient 

circulation of fluid through the punp inpellers to renove 

the heat generated by the Itorsepower absorbed. 

•5u.r.E5!_§,2K!r.££2A2!!! 

6,5.1 £au5£5_°l_§UI££ 

Any systeo containing a fluid which is set in notion 

through pipes or tunnels can experience pressure surges 

when the flow is varied. This can cause disturbances (ie. 

waves of pressure^ velocity, stress and strain) to be 

propagated through the system fron the point where the 

change is i nit iated. 

These disturbances are known by various naoes, including 
pressure surges, pressure transients, fluid or hydraulic 
trans ie-tts and water hanner. 
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in raany types of installations, the pressure variations 
associated with the surges Mf± not likely to be dangerous, 
but extreme caution in design and subsequent"operation nay 
be needed in other cases to ensure that the pipes, pumps, 
valves and other components are adquately protected 
against severe danage or complete failure. 

Common causes of severe pressure surges include: 

o rapid changes in valve settings; 

o starting and stopping of pumps and turbines; 

o governor hunting; 

o effects of reciprocating puraps; 

o filling of empty pipelines and hoses; 

o rapid chemical reactions and thermal changes (eg. 
vapour generation) within a system; 

o mechanical vibration of system components (eg. seals 
ar«d guide vanes). 

Meth^s_of_Surge_ControJ. 

Undesirably large pressure variations arising from changed 
flow conditions in a pipe systeo normally occur because 
the change of flow is too rapid. Therefore, surge control 
devices should effectively reduce the rate of change of 
flow. Various methods of surge control are described 
briefly below: 

Slow valve closure: This leads to lower pressures being 
generated, especially if a two-part closure is used, a 
slower rate being employed for the final 10-20?. 

Increased pump inertia: To avoid the sudden change 
resulting from stopping a pump, the stopping time can be 
increased by fitting a flywheel to increase the inertia. 

Surge shafts: If a sudden change in pressure is likely, 
a surge shaft nay be provided into which the water flows, 
allowing it to cone to rest more gradually. 

Air vessels arid accumulators: If the systeo is under 
considerable pressure, the height of the surge shaft 
required sight be excessive. If, however, the liquid is 
allowed to enter a closed vessel partly filled with gas, 
the incoming i. iq».. id compresses the gas which gradually 
brings the liquid to res* . The tern 'accunulater' is 
often applied to such devices where the gas is isolated 
froo the liquid by a flexible membrane. Figure 6.12 (a) 
shows that an cessation of puoping, water initially flows 
out of the air vessel and surge shaft . On subseqent 
rever-sal of flow, water flows into the air vessel and 
surge shaft. 
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Air admission valves: It, after flow changes, the 
pressure in a pipeline is liable to drop to the vapour 
pressure of the liquid, undesirable vapourous cavities nay 
fons. To combat this, it is possible to fit valves which 
open and admit air to the system when the pressure drops 
below atnospheric, thus preventing it fron dropping much 
further. 

Relief valves: These can be set to open at a given 
pressure and allow liquid to escape from the system. 

By—passes: By-passes can be fitted around a puap to 
admit water from the sump when the puap discharge pressure 
drops below surap pressure, or to allow water to by—pass a 
booster pump in a long pipeline when the booster punp 
fails. ! 

Feed tanks: These nay be used to reduce negative 
pressures when air admission is not acceptable. 

Check valves: These valves are used on punp discharges 
to avoid reverse flow through, and rotation of punps. 
They are also useful in some locations to (, reduce risks of 
large pressure rises. j 

l_nf lue^^e_of_Val_ves_ori_Surges 

The rate of closure of a valve is very inportant in 
determining surge pressure amplitudes. For example, if 
the closure tine is shorter than the pipeline period the 
full surge of pressure nay be developed.1 In keeping the 
pressure changes within acceptable limits, it is not 
enough to ensure that the closure tine is!slightly longer 
than the pipeline period, as a considerable proportion of 
the pressure change may still be developed. Charts are 
included in Ref.i9 report to aid the choice of suitable 
closure times. These charts enable an estimated pressure 
rise to be obtained, though a computer solution is 
generally recommended. 

If the closure tine chosen in relation to surge 
suppression is unacceptably long (eg. leading to too much 
liquid being drained fron the systen), it may be possible 
to reduce the tine by using two closure rates. Many types 
of valver -qdo not have a great influence in changing the 
flow—rate until they are operated through a considerable 
proportion of their total travel. 

With a computer, it is .comparatively sinple to optimise 
the mode of valve closure. it is also possible to design 
valve op--rat ing systens using cans, or pressure sensing 
devices, to tvininise pressure sur^e. This is known as 
'valve stroking'. 
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Valve closure t ieies are frequently influenced by 
conflicting requirements. For example, with controlled 
closure punp discharge valves, too fast a closure leads to 
column separation, and too slow a valve closure, in the 
absence ot a check valve, leads to high reverse flows and 
reverse pump rotation. To calculate pressure changes for 
too slow valve closures, several approximate formulae have 
been proposed, but it is well known that they frequently 
lead to considerable error. To overcome this difficulty 
to some extent, a selection of charts for various types of 
valve are reproduced in Ref. 19. 

If the pressure in a pipeline under surge conditions is 
falling to vapour pressure causing separation of the 
liquid and later reconbining with a subsequent high 
pressure rise, it nay be acceptable to place air valves at 
appropriate points which open when the line pressure 
starts to fall below atmospheric. These admit air which 
cushions the blow as the separated liquid columns 
reconbine. The valves Bust be carefully designed to allow 
sufficient air into the line and yet to ensure that it is 
not expelled too rapidly. 

In potable water supply schemes, air admission is 
generally undesirable because, if the pressure is allowed 
to drop to atmospheric or below, contamination nay enter 
the line either through joints in the pipe or the air 
valves. 

In sorae circumstances, a suitable alternative to surge 
shafts and air vessels for limiting pressure rises are 
relief valves (see Figure 6.12 (b), 6.13.). They can be 
of the conventional spring— loaded type or controlled by a 
hydraulic-ally operated pilot valve. The essential features 
are a rapid opening (ie. much less than a pipeline 
period), followed usually by a slow closure. They should 
also be of an adequate size arid number to pass the full 
flow allowing for valve isolation for maintenance 
purposes. It is often convenient to use two or more 
valves, set to open at slightly different pressures. 

An important, attribute of this type of valve is that it 
opens only as far as necessary to control the pressure, 
thereby keeping the system pressure relatively stable. A 
variation on the conventional relief valve is to 
incorporate sensing devices to cause the valves to open in 
anticipation of a pressure surge. 

Discharge pipelines on deep—welI pump installations are 
protected against high start—up pressures by the use of 
air release valves ;>rt<l pressure regulating • aIves (PRV>. 
As well as providing surge protection, the 1'RV allows the 
discharge to waste of discoloured water from the pump 
r i ser. 
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To SUR up, it i s best. , whenever possible, ho avoid rapid 
changes of flows it. pipeline systems by using suitable 
valve closure times or increasing the inertia of pumps by 
tithing 1 } .ywhweel s . If rapid changes.cannot be avoided, 
flow can bo diverted into or drawn from open shafts or 
closed vessels. If none of these possibilities is 
feasible, it Day be possible to limit pressures in certain 
circumstances by the use of air inlet valves, relief 
valves or by—passes. 

Surge shafts are nosh commonly used for hydro—electric 
installations arid funnel mains, air vessels or pump 
f lywhweels for- large-scale pumping schemes and 
accumulators in fluid power applications. However, any 
method of surge alleviation can be used if it is 
practical, economic and given adequate protection. 

Site investigations of surge conditions are highly 
desirable as part of the nonaal coramiss ioning process. 
They serve two purposes: provision of a comparison with 
the theoretical predictions n;n\f? previously, which C:M\ be 
revised if necessary^, and provision of more reliable data 
for future surge stixlies if, for example, the capacity of 
the system is likely to be increased at a later stage. 

The most convenient way of obtaining data on tine—varying 
cortditions is to record experimental results directly as 
pressure—time histories at one or more units in the 
system. A basic measuring and recording systeia comprises 
three parts: a transducer for sensing pressure (and 
changes thereof) and converting it into, or varying an 
electric .signal; signal-conditioning equipment for 
processing the transducer output into a suitable form, 
usually a voltage signal fro« the cortdit ioning equipment 
against time. 

6.5.4 SyHE^-Q^D-tHiiA-^i^f^ 

The surge control valve is often suitable for relatively 
snail pumping applications. The valve is fully open when 
the pump is started, and passes sufficient flow in the 
fully open position to prevent the developed head from 
reaching the system head curve requirements. An example 
of valve setting may be seen from Figure 6.14. In this 
case, two pumps are designed to operate in parallel 
against a rising system head curve. The surge control 
valvee^should be designed to pass 250 l/s at 30 m head. 
The pump will be operating in the stable operating range, 
although at the opposite end from the shut-off head 
position. Providing the suction conditions are correct1> 
designed aid * he punp is operating v,ithin the limits of 
"he required NPSM, r here should be rio danger of 
cavitation. >s soon as the pump is running at full speed, 
'.lie surge oor'.rol val. - slowly closes aril the developed 
\i<?;t<i increases until i'. reaches the joint of intersection 
rfith the ;ysf n head c-ir-ve. In this way the pump goes on 
line with the r, ininun of surge and w.-jU-r banner. 
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Likewise, the surge corii.ro 1 valve must be slowly opened 
prior to stopping the pump. The time to close the surge 
control valve when the pump is starting, and the tine to 
open the valve when the pump is stopping must exceed the 
tine required for the reflection of the shock wave. 

equal to 2L 
— seconds 
C 

where L = length of pipe <ra); and 

0 = celerity (velocity) of the shock wave, 
usually 1200-1300 m/s.. 

When a vertical turbine punp is stopped, the water in the 
column will tend to drop to the level in the wet well. 
This will occur if air can enter the pump through the 
surge control valve, or if the water level is below 9 a. 
If the water level in the well is deeper than 
approximately 9 m below the ground surface, the water 
level in the column will fall until it can be supported by 
the prevailing atmospheric pressure. If it is a deep well 
where the level of the aquifer is 30 m or more below the 
pump discharge head, there will be a partial vacuum in the 
top 20 m of column, assuming that the stuffing box or 
mechanical seal is bottle tight and the check valve does 
not leak. When the pump starts, it momentarily discharges 
against zero head until it has pumped sufficient water to 
fill the column. Under these conditions, the pump will be 
operating off the head-capacity curve at the extreme 
right-hand end, with the result that the motor may stop on 
overload before sufficient head has been developed to 
reach stable pumping conditions. This is frequently a 
fault with the installation of deep well submersible 
pumps. 

If a .partial vacuum exists in the top section of a pump 
column, a considerable pressure surge can develop when the 
pump starts and the water in the colunn hits the underside 
of the pump discharge head. The pressures resulting from 
these shock waves exist for only fractions of a second, 
but they have been known to crack the pump discharge head 
castiftgSfi; -"Allowing air to enter the column through a 
surge control valve does tend to cushion the shock wave 
and assists in building up the developed he.-*d, thus 
reducing the problems associated with starting pumps 
against zero head conditions. The air admitted to the 
pump column is discharged to atnosphere through the surr-;e 
control valve, but it is important to ensure that the 
surge control valve is open long enough for al1 the air to 
escape before it closes and the pump discharges to the 
system. The venting of air cart i>e noisy, particularly 
with large high head pumps. 
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Pumps are f requertt ly operated to maintain a municipal 
water supply system within prescribed limits of pressure. 
For example, a pump station consisting of two or more 
pumps may he required to maintain a certain level of water 
in an elevated reservoir several km away from the pump 
station. The distribution system will probably be 
connected to the main between the pump station and the 
elevated storage. The f*uraps are usually operated to 
maintain a prescribed water level in the elevated storage 
tank by sensing the pressure in the pump discharge header 
at the pump station. The pressures in the pump header are 
influenced by demand changes in the distribution system, 
and the pumps are frequently started and stopped in 
response to surge pressures rather than level changes in 
the elevated tank. To reduce these fluctuations at the 
pressure switch in the pump station, a surge suppressor 
can be located between the main and the pressure switch. 
(See Figure 6.15) This will usually reduce the frequency 
and amplitude of the surge sufficiently to sense the level 
changes in the elevated tank. 

Tables for water hammer evaluation are given in Annex J, 
together with further references. The material in this 
section was partly extracted from an article by Gray in 
World Water, November 1979. 

Further references are (19), (20), (21). 
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7 . P I P E L I N E S & WULVES 

Pip*? m a t e r i a l s a v a i l a b l e for waterworks use a r e as fo l lows: 

Duc t i l e i ron 
S tee l 
Asbestos Cement 
Concrete 

Plastic-

Art ideal pipe material should possess the following attributes: 

o durability; 

o resistance to internal and external corrosion; 

o a smooth internal surface which will not deteriorate, or 
contaminate the water carried; 

o capability to withstand internal pressures and external 
loadings; 

o ease of handling, cutting and laying; 

o ease and reliability of jointing; 

o for distribution mains, ease of tapping; 

o economical in purchase and maintenance 

Unfortunately no single type of pipe material is able to neet these 
requ i renents, and a choice must be made depending on the 
application, working pressures, laying environment and construction 
experience. Some factors are discussed below: 

Corrosion; some waters react with the pipe material d*stf to an 
imbalance in the chemical make-up of the water or to minerals in 
it. This can result in corrosion of metal pipes, leaching of 
cement in concrete pipes, or deposits of minerals which reduce the 
water flow in all types of pipe. Chemical analysis of the water to 
be carried should point to arty likely problems. 

FJx>w: pipe materials vary in smoothness which affects their 
resistance to the flow of water. The rougher the surface, the more 
energy is required to move water front one point to ariother, th>js 
increasing operating costs. These losses are compounded as the 
rate of flow increases. 

Water L'~5—££• pip** materials vary greatly in their recommended 
working pressure ratings. It is therefore important that the 
pressure at all points in the system be known, under static and 
surge conditions. 
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S o i ^ Sibii!I^l:Slli.2ti^5; soils can react, with pipe materials under 
some conditions and soil chemical testing or resistivity surveys 
should be carried out it problems are anticipated. Other problems 
include rocks or boulders which night damage the pipe, swamps or 
bogs which do not provide adequate support, and sand which can 
shiit. and expose the pipe. Important physical properties of the 
pipe material include resistance to crushing, degree of stiffness, 
and reaction to temperature changes, exposure to ultraviolet rays 
arid chetaica Is . 

Phvsj_caJ. £baLi*£i£H!£iA!~5_S>i_L>!£f:: resistance to impact, such as due 
to a rock falling on the pipe or the pipe being dropped, is 
inportant. The stiffness or flexibility of the material indicates 
riow it will react to impacts. Pipe materials which are inflexible 
include concrete, asbestos cement and cast iron. Care Bust be 
taken to prevent unintentional bridging of inflexible materials due 
to uneven bedding. Steel arid ductile iron pipe is moderately 
flexible, particularly in smaller diameters. Plastic pipes are 
usually quite flexible. 

Heat and 5L?![!ilsbt: usually affect only plastic pipe. Plastic has 
a relatively high expansion/contraction factor when exposed to 
variations in temperature. For this reason, polyethylene pip*? 
should be "snaked" in the trench. Ultraviolet rays1 in sunlight can 
cause deterioration in plastic pipe so it should not. be exposed for 
long periods of time. The weight of the pipe is an important 
consideration for transport, handling and laying. Toxicity is a 
potential problem if recycled plastic products are used in pipe 
manufacture, if toxic materials such as lead ar^ used, or if the 
pipe is contaminated by prior use or improper storage. 

7.1.1 Ductile Iron 

This has replaced cast or grey iron pipe,, being stronger, 
more flexible and less liable to fracturing. Although 
fairly resistant to corrosion, internal and external 
protective coatings with bitumen or. coal tar are 
standard. For aggressive waters or soils, further 
protection such as cement mortar or epoxy resin internal 
lining and external bituminous sheathing, protective tape 
or polythene sleeving may be necessary, and there are 
various standard specifications for these. 

The pipe is available in sizes from 80 mm up to 2600 mm in 
standard lengths of 5.5 m in UK, and up to 8 m elsewhere. 
Pipes usually have spigot and socket joints, but flanged 
or plain—ended pipes are available. Types of joints are 
shown in Fig. 7.1. 

Classes of pipe and pressure ratings are given in Table 
7.1, Ductile pipe is generally suitable tor all pipeline 
applications, particularly in poor laying conditions or 
when extra impact—resistance is required. It. is relatively 
expensive. 

A full range of dtjctile iron fittings are available, and 
service pipe connections may readily be tapped into t.he 
main. (Ref: BS 8010, CP 2010 Part .3, BS 4772, ISO 2531, 
AWWA C110 etc.) 
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Table 7.1 

Pressure Ratings of Ductile Iron Pipe 

Works Hydraulic Test Pressure 

For pipes: 
ISO Z531, 

Diaiaeter BS 4772 
(tan) : (bars) 

T 
For fittings 
BS 4772 only 
(bars) 

' Pressure Rat i ng ' •• 
i.e. maxinuB 
sustained 
of>erat i ng pressure 
on pipeline 
CP 2010 (bars) 

Maxiaun Field 
Hydrostat ic 
Pressure on 
Pipeline 
CP 2010 (bars) 

I 
i 

80- 300 [ 
350- 600i 
700-1000I 
1100-1200! 
1300-20001 

50 
40 
32 
25 
25 

25 
16 
10 
10 

40 
25 
16 
16 

45 
30 
21 
21 

__I L—I LJ : I 
Notes: 
(1) Figures for works test pressures of fittings are loyfer than for pipes 
because of the need to avoid distortion during test. 

(2) As Table 2 of CP 2010 Part 3. Also aaxinua sustained operating pressure 
plus surge oust not exceed 1.1 tines pressure rating. j 

(3) As Table 6 of CP 2010 Part 3. Pressure is oeasured at the lowest point 
of the pipeline. The actual test pressure applied can be 5 bar in excess, of 
the actual sustained operating pressure, if this is less than the figures 
shown. 

It will be noted that BS 4772 covers pipe only up to 1200 as size: ISO 2531 
extends the range up to 2000 aa, but tk>es not specify pressure rating and 
field test pressure. ] 
1 bar = 10.17 a head of water. 

(Source: Ref. Z5 

7 .1 . : Steel 

Steel pipe is strong and lightweight and available in any 
thickness, size or length. The wall thickness is designed 
for a particular application depending on internal pressures 
and externals loading and bedding conditions. There are no 
standard classes, though CP 2010 Part 2 defines the ainiaura 
thickness, t, (ci«) as: 

t = •J> (on) 

2af< 

where p = internal pressure (N/aa2) 

D = outside diaaeter (DO) 
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a - design -..Wety factor {usually 0.5) 

f = specif i«xi minimum yield stress of steel (N/ram-1 > 

e = joint. «.„tor (nomally 1.0 (See CP 2010)) 

Internal ;ir«l external corrosion protective linings (of 
types as for du<< i le pipe) are very important, should be 
applied to clean pipe with great care, and nade continuous 
at the joints ailrr laying, both inside and outside the 
pipe. Usually, th»- finished lining should he tested with a 
holiday detector fr.i discontinuities prior to hack filling. 

Pipes are usually welded together at sleeve joints, after 
covering in the trench. Flanged joints are also used (see 
Fig. 7.2). Norra.dly, steel pipes are used for major high 
pressure transmission pipelines in larger diameters, which 
allow internal ac«ess for joint welding ahd completion of 
protective lining. They are not suitable 5for distribution 
system use. •; 

(Refs CP 2010 Part 2, BS 5.34, AWWA C 206 etc.) 

Asbestos Cement -

1 
Asbestos cement pipe is made of asbestos fibres mixed with 
cement and silica. The pipe is available in 3 and 4m 
lengths and in diameters of 50-900 mm. Working pressure 
ratings are 75, 1<)0 6 125 n depending on wall thickness. 
Asbestos cement is commonly available and,moderately easy 
to install, tap and repair in diameters of 150 mm or less. 
The pipe walls are smooth and resistant to corrosion, 
except in environments aggressive to cement (suiphated 
soils). 

The principal disadvantage of asbestos cement is its 
stiffness. It must be handler] with care or it will break. 
It also must be installed with care, often with a select 
backfill and bedding material. Bridging must not be 
a I lower! to occur. Although asbestos cement is resistant to 
corrosion, highly aggressive water can leach out the cement 
and expose and release asbestos fibres which may be 
ingested by drinking the water. 

This aspect has recently (1966) led to prohibition of the 
use of AC pipe in the USA, although they continue to be 
used widely elsewhere, and there seems to be no justifiable 
reason for prohibiting their use except in areas where 
water supplies are naturally aggressive. Pipes ctfe usually 
protected with a thin bitumen coating. 

Pipes are plain ended and jointer! with an AC sleeve sealed 
by rubber rings. Fittings arff usually of grey or ductile 
iron. AC pipe is suitable for distribution pipelines and 
for gravity and pumping mains where normal operating 
pressures and surge pressures are -not excessive, and in 
controlled conditions of transport handling and laying. 

1 
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NOTE. For small diameter pipes the internal weld may be omitted. 

SLEEVE WELDED JOINT 

High pressure 
design 
welding . M. .. . 

I,.. , / / / / / / / < / / / / , . / ,>. ,,.1'-: 

Welds for low 
pressure design 

FLANGED JOINT 

NOTE: THE SLIP-ON COUPLING TYPE JOINT HAY ALSO BE USED 

JOINTS FOR STEEL PIPES 

FIGURE 7.2 

7-6 



They may be cheaper than ductile iron pipe, and are oore 
suitable for laying in aggressive ground conditions. 
Saddles are required when staking service pipe connections. 

(Ref CP 2010 Part 4 and BS 486)). 

7 . 1. A Q°I!t:Lf:t2 

These are either prestressed or reinforced concrete 
cylinder pipes, in which the wire or reinforcement is wound 
around a thin steel cylinder' and encased in concrete. 
Concrete pipes are generally only economic for large 
diameter, low pressure (16 bar maximum) transmission 
purposes. They are heavy, and somewhat inflexible in use, 
as joints permit liiaited deflection, and the pipes cannot 
be cut. Like AC pipes, they are vulnerable in environments 
aggressive to cement, though can be made in sulphate 
resisting cement. Connections are difficult once the line 
has been laid. The pipes have a reasonably good resistance 
to rough handling or poor backfilling, although care is 
needed to prevent damage to the joint sockets and spigot 
ends. Joints are socket and spigot pushpin type with a 

M± rubber 0—ring. 

(Ref: BS 4625, AWtfA C 301 etc.) 

7.1.5 Elastics 

Unplasticised polyvinylchloride (UPVC) pipe is widely used 
in water distribution systems. Available in sizes up to 
600 mm in 6 or 9 m lengths, they are suitable only for 
relatively low pressure duties (up to 150 m working 
pressure). Major advantages are light weight, flexibility, 
ease of handling and laying, resistance to corrosion and 
excellent flow characteristics. It has, however, a limited 
useful life as pipes tend to become brittle with age. UPVC 
pipes are also degraded by ultraviolet light and should not 
be exposed to sunlight in hot climates. 

UPVC pipe should not be used for hot water, or at 
temperatures above 60°C. CP 312 Part 2 recommends a 

•
reduction of 2% allowable working pressure per 1°C 
temperature rise above 20°C. Maximum pressure surges due 
to water hammer must be included within the allowable 
working pressure/due to fatigue problems with UPVC pipe. 

Joints are spigot and socket tyr»e for use with solvent 
cement or a rubber ring. Some failures have occurred with 
solvent joints, possibly dim to use of interior solvent. 
UPVC pip" is usually cheaper than ductile iron and AC pipe. 

(Ref: SIS (47: 1972, SLS 659 P.,rt 1: 1964, BS 3505, CP 312 
Part 2, AWWA C 900 etc.). 
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Polyethey lene (PE) pipe is sore flexible than IJPVC. In 
snail sizes it is supplied in coils, reducing the need for 
joints. It is available as low density PE, (LDPE) used for 
sio.il 1 diaraeter distribution and service piping, and high 
density PE in larger sizes. Pressure ratings are up to 12 
bars at 20°C, reducing to 5.4 bars at 50°C. Joints for 
LDPE pipe are aade using Beta I or plastic conpression 
coupl irigs. 

(Ref. BS 1972, BS 3284, AWW'A C 900 etc). 

7.2.1 P^lSIi—^^L'^t^-^f _EiE^IlDe_B2yt? 

During the design stage, give consideration to the 
following aspects of the pipeline: 

o pipes should where possible be laid to an even grade 
of not less than 1:500. 

o existing underground and overhead services, roads, 
railways, watercourses and drains which cross or are 
adjacent to the pipeline route; 

o future areas for development or aining — pipeline 
route should avoid these; consult local planning 
authority; 

o avoid routing pipeline through highly productive 
agricultural land, forests or other areas where 
environnental danage night result; 

o for pipelines crossing private land, ensure correct 
procedures for rights of access, easeaents or 
acquisition are followed; access will also be required 
for surveys and subsequent maintenance; 

o obtain necessary local authority planning permissions, 
and approvals from any other concerned authority, ie. 
road, railway, irrigation, etc. 

7.2.2 Pi££l«tti Q8 

Before piDelaying commences: 

o plan for storage of pipe, access for »achinery, 
temporary offices, canps, and sanitary facilities; 

o ch<vk necessary approvals and easeaents have been 
oh' airied; 

o arrange for delivery of pipe, careful offloading, 
inspection and stacking .jccordirig to oanufacturers's 
rvcoianendations — arrange for necessary cranes and 
slinks. Avoid danage to pipes especially spigot and 
socket ends; 
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o reject danaged pipes; 

o clear and grade the pipeline route, over the planned 
working width (a mini nun of 12 tn where aechanical 
equipment is used), and peg out the route; 

o provide teraporary fencing where required; 

o string pipes along the route; 

o note location of land drains and ensure reinstatenent 
after backf i11ing. 

Trenching and laying: 

o nininuB trench width should be d + 300 BIB (see Figure 
7.3); 

o prepare and level pipe bed carefully: pipe barrel oust 
rest evenly on bed for whole length; excavate joint 
holes for sockets; reoove large stones (see Fig.7.4); 

o if trench is rock or hard material, bed pipes on 
compacted sand or concrete bedding (Fig.7.3) and 
provide for this in Bill of Quantities; 

o do not lay water and sewer or drainage pipes in the 
sane trench; 

o lay water pipes above sewer or drainage pipes when in 
close proximity; 

o when crossing other underground service provide 
nininuB of 150 no clearance and necessary protection 
and support; where frequent crossings are expected 
(e.g. in urban distribution pipelines) allow extra 1V$ 
° bends for avoiding obstacles. 

o under ditches and culverts, protect pipe with a 150 ma 
thickness -of concrete on top 'Mtd sides of pipe over 
width of trench (see Fig. 7.5). 

o clean insides of pipes before laying to remove all 
mud, dirt and grease; 

o joint pipes carefully according to manufacturers 
instructions making sure rubber ring is not displaced; 

o inspect pipe protection, and repair any faults that 
are found; 

o plug open ends of pip»- during breaks in pipel *ying to 
keep it clean and prev-vrt entry of animals; 

o restrain or block all tees, bends, caps, plugs, 
hydrants and other fittings to prevent movement under 
-urge conditions which might cause leakage or 
disjointing; (See Section 7.4.ft) 
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NOMINAL RESTORATION WIDTH 

FOR OFF-ROAD 
SURFACE RESTORATION 

NATIVE OR 
IMPORTED 
BACKFILL 

I MATERIAL 

EXISTING PAVED SURFACE 

50 mm MIN. DEPTH 
SHOULDER MATERIAL 

COMPACTED ROAD BASE GRAVEL 
THICKNESS AS SPECIFIED 

NATIVE OR IMPORTED 
BACKFILC MATERIAL 

COMPACTED 
BEDDING 
MATERIAL 

COMPACTED SELECT 
BACKFILL 

VERTICAL TRENCH TO EXTEND 
AT LEAST 100 mm ABOVE PIPE. 
MAX. TRENCH WIDTH BELOW 
THIS LEVEL - d + 7 5 0 mm. 

100 mm MIN. BEDDING UNDER PIPE 
(150 mm MIN. IN ROCK EXCAVATION) 

MAX. d + 7 5 0 

NOTE: 
1. ALL DIMENSIONS ARE GIVEN IN m m , 

2 . d= OUTSIDE DIAMETER OF THE PIPE 
AT ITS LARGEST SECTION 

TRENCH DETAILS 

FIGURE 7.3 
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RIGHT 
• • • . ' .• • • . • » . • .• . . • •• . • ' : ' . ' . ' ' ^^U^#^^^ 

SAND BEDDING 

RIGHT 

JOINT HOLES IN TRENCH BOTTOM 

WRONG 

\ i n i M T JOINT HOLES NOT EXCAVATED, PIPE NOT SUPPORTED 
mm m% 

WRONG 

UNEVEN BEDDING 

BEDDING OF PIPE-RIGHT AND WRONG 

FIGURE 7.4 
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STANDARD PIPE LENGTH 

lfl2JP« 

FLEXIBLE 
COUPLINO 

CONCRETE BACKFILL 

MIN 

STANDARD PIPE LENGTH 

77j®m7i 

ICXIBLE 
COUPLINO 

CULVERT CROSSINGS 

FIGURE 7.5 
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o backfill carefully in even layers, up to 300 on above 
soffit with selected material free frora sharp stones 
which could damage the pipe or its protection. 

7.2.3 I^tlDS-i^Lli-^i^iL'f ̂ ^i^L' 

After the trench has been partially backfilled, preferably 
with exposed joints, the pif>es should be tested for 
leakage. The usual procedure for leakage testing is to fill 
the pipe — either the complete pipe or sections of it — 
slowly with water, allowing the air to escape through air 
valves or by some other means. When the pipe is full of 
water is should be allowed to remain for up to 24 hr. after 
which the pressure in the line should be increased to 1.5 
tines normal operating pressure for 1—2 hr. Observations 
can then be made for any leakage, by sight or by the use of 
a meter to detect any flow into the pipe. Soae leakage is 
to be expected. However, joints that leak excessively 
should be relaid. Formulae are available to calculate the 
amount of allowable leakage. 

Before the new main can be put into service the line oust 
be flushed and disinfected. Flushing is necessary to 
remove any dirt or foreign raaterial fro» the pipeline and 
should be done with sufficient velocity to cleanse the 
pipe's interior thoroughly. 

After flushing, the line should be disinfected with 
bleaching powder solution at a concentration of not less 
than 20 og/l for at least 24 hours. 

(Ref: CP 2010 Part 1) 

7 .3 .1 Haz^zWlI I i amS-F^^uIa 

This formula is widely used in calculation of pipeline 
flows due to the fact that it is easy to apply and 
reasonably accurate. When more accuracy is required, 
however, the Colebrook—White equation is recognised as 
being the best available means of estimating friction loss 
and charts are available for its use (Ref. 20,21) 

The Hazeri—Williams formula can be expressed in various 
forms depending on the units, as follows: 

Q = 3.5> CD 2- 6 3 (H/L> °-54 

where Q in l/s 
D in mm 

H & L in m 

1.0° 
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o r 0 - 0.279 C D 2 - 6 3 (H/L) ° - 5 A 

V = 0.355 C D ° - 6 3 (H/L) ° - S A 

H = 6.78 L /• V \ l - 8 5 

D1.165 V C / 

where Q in m-ys 
D in an 

H ft L in i 

Typical values of roughness coefficient. C are given in 
Figure 7.6 and Figure 7.7 gives a graphical solution to the 
formula. 

7.3.2 General Design Considerations 

Working pressures of pipes should not be exceeded. Table 
7.2 gives the recommended pressures for various pipe 
materials and classes. The pipe materials must be selected, 
to withstand the highest pressure that can occur in the 
pipeline. The maximum pressure in gravity mains frequently 
is the static pressure under no flow conditions. In order 
to limit the maximum pressure in a pipeline and, thus, the 
cost of the pipes, it can be divided into sections or 
pressure zones separated by a break—pressure tank. The 
function of this is to limit the static pressure by 
providing an open water surface at certain places along the 
pipeline. The flow from the upstrean section can be 
throtted when necessary. For the protection of ball valves 
in break pressure tanks, the flow capacity of the outlet 
pipe is usually made larger than that of the inlet pipe. 
Where overflow is acceptable, ball valves should be 
eliminated in break pressure tanks (see Figure 7.8). 

Critical pressures may also develop as a result of pressure 
surge or water hammer in the pipeline. These are caused by 
the instant or too rapid closure of valves, or by sudden 
pump starts or stops. The resulting pressure surges create 
over and under pressure that may damage the pipeline. 

The minimum velocity in a pipeline should not be less than 
0.6 m/s to prevent deposition of silt. The maximum 
velocity should be limited to 1.8 - 2.5 m/s to protect the 
pipe from excessive water hameier. Surge pressures should 
be evaluated (see Section 6.5 and Annex J) in pumping mains 
with high pumping heads relative to the class of pipe and 
raherial, trw.t pressure relief deviced provided as found 
necessary. tesign flow for transmission mains should be 
based on maxinum day demand based on constant 1 low over 24 
hours. 

All hourly variations in the water demand during a day of 
maximum const.*}•>.ion artf then assuned to be levelled out by 
the service reservoir. 
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E 

c 
0) 

X 
c 
<u 

to 

> 

25 75 150 300 600 . 900 

Notes: Diameter of pipe (mm) 

(1) k values refer to the Colebrook-White formula. 

(2) Suggested design values are for a non-aggressive and non-sllmlng 
water. 

(3) The curves apply to a lra/s flow ra te . For 2m/s reduce C values 
by 5% below 100, 3% below 130, and 1% below 140. For 0.5ra/s 
Increase C values by the same amounts'. 

(4) Scobey classes a re : class 4 - first class Interior finish with 
all joint i rregulari t ies removed; class 3 - good Interior finish 
with Joints filled and concrete made on steel forms; class 2 
- imperfect interior finish, and as tunnel linings; class 1 -
old concrete pipes with mortar not wiped from Joints (k= 5.00 ram). 

(5) For asbestos cement pipes use values for spun bitumen lined 
pipes . 

TYPICAL VALUES OF ROUGHNESS COEFFICIENT, 

1200 

Source: Ref.25 FIGURE 7.6 
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Table 7.2 

PIPE DESIGN CHARACTERISTICS 

Material 

a PVC 

uPVC 

Ductile Iron 
(spigot *i 
socket 6 
flanged) 

Cast (Grey) 

Iron (spigot 

6 socket) 

Asbestos 
Ceraent 

Prestressed 
Cor terete 
Cy I i rider 

Steel (welded 
or sean1 ess) 

Po1 vet hev1ene 
Pipe 

Standard 

SLS 147 

BS 3505 

BS 4772, 
CP 3010 
Part 3, 
BS 8010 

BS 78 
1211,2035 

BS 4622 

BS 486 

BS 4625 

BS 534, 
CP 2010 
Part. 2 

BS 1972 

Class 

Type 250 
400 
600 
1000 

Class A 
B 

Class C 
0 
E 

K9, K12 

Class B 
C 
D 
1 
2 
3 

Class 15 
20 
25 

Type 425 II H
 

Noo i rial 

Dia 

(«"») 

75- 500 
50- 500 
32- 500 
20- 500 
40- 300 
10- 300 

50- 600 
32- 450 
10- 400 

80- 300 
350- 600 
700-1000 
.100-1200 

50- 900 
ft 

M 

80- 700 

150- 900 
200- 900 
50- 900 

40-1800 

60-1800 

15 
20 
25 
32 
40-50 
6 
10 
15 
20 
25 
32 
40 

Standard 
Length 

<•) 

4,6 

6,9 

5.5 

3,4,5 

4,4.5 

Test 
Pressure 

(bar) 

50 
40 
32 
25 

Se* 

12(4) 
18 
24 
16 
20 
25 

15 
20 
25 

1.5 tines 
working 
pressure 

See 
Standard 

Working Pressure 
Rat ing 

(bar) 

2.5 
4.0 
6.0 
10.0 

9 
12 
15 

40 
25 
16 
16 

• also BS 

8 
12 
16 

(•2H 0) 

25 < D 
41 
61 
102 

9 2 (2) 
122 
153 

408 ( 3 ) 
255 
163 
163 

6010 

82 
122 
163 

(See Standard) 

7.5 
10.0 
12.5 

76 
102 
127 

As designed 

See CP 

91 (2) 
81 
64 
52 
49 
201 
160 
146 
107 
78 
75 
72 

Notes (1) At tenp of 30°C 

(2) At tenp of 20°C (Reduced working pressure at higher 
tetap - Ref CP 312 Part 2) 

(3) Max sustained operating (or static) pressure oust not 
exceed working pressure rating and nax. internal 
design pressure including surge pressure eiust not 
exceed 1.1 tines working pressure rating. 

(4) Field hydrostatic test pressures 

(5) 1 bar = lÔ kli/B5 = 10.1.972 • H20 ; 

1 D H20 = 9.30665 kX/a* j .; 

1 k Pa: = 1 kN/V 
1 kgf/cnr2 = 98.0665 icN/o2 , - j > 
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The number of hours the transmission oaih operates per day 
is another important factor. For a "water supply with 
diesel engine or electric motor—driven puaps, the pumping 
period is often liaited to 16 hours >or less, due to 
constraints of cost, caretaking or source defficiency. In 
such cases, the design flow rate for the transmission main 
needs to be adjusted accordingly. 

Pipelines laid in flat terrain should have a »in intra grade 
of 1 in 500 to drain and expel air in the line. 

Miniaua earth cover to pipes should be 0.8 a except in 
roadways where the cover should be increased to at least 
1.0 a. Where heavy traffic loads atfe expected, pipe 
thickness, earth cover, and bedding should be carefully 
checked. 5 

i 

Sketch - the expected hydraulic grade lin<|, along the length 
or profile of proposed aain route. Gravity aains should be 
designed with the hydraulic gradient Jbove the ground 
surface for all rates of flow in order td prevent negative 
pressures. Nowhere should the operatingh«&*c} of water in 
the pipeline be less than 4 a. Air and scsour valves should 
be provided at high and low points, respectively. 

v 
Puaping aains should be sized for the aost econoaical 
combined cost of puaping aain and puaping plant 
installation and operation. Power * cost should be 
calculated for the demands during the design period. The 
decision to build a pipeline larger: than is needed 
initially should be economically justified by considering 
the rate of increase of water demand ;,at different tiae 
periods. Exaoples are given in Annex L. J 

Other design considerations are as follows:; 

o anchor pipe lines against thrusts resulting froa test 
pressures, normally 150& of system operating pressure; 
consider all changes in direction; i 

7 

o use joint harness welded across flexible pipe 
couplings to take thrust along liner if thrust blocks 
are not used; 

o do not use joint harness across flexible pipe 
couplings with one end clamped to pipe; there is no 
way that clasp will hold; 

o consider all modes of operation of pipe line at inter 
connect ions, ra<?ans of bypass, and naintenance of flow 
for direct ior. of. thrusts; 

o provide support for pipes crossing from firn ground 
across backfilled ground to rigid structure, even 
though compaction of backfill is specified. 

o provide short, pieces of pipe connecting tb rigid 
structures or manholes. 
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o allow for expansion and contraction of piping between 
installation and putting into service. Remember PVC 
pipe expansion is ft »o/30 a/5°C; "keep temperature 
difference below 8°C. Reaeaber PE (?ipe expansion is 
22 OQ/30 IB/5°C; use PVC pipe with gasketed joints, 
rather than solvent cemented joints; 

o consider means of getting air out of pipelines, while 
putting line into service or testing; 

o keep velocity when filling a pipeline to less than 
0.30 a/s; the velocity should not exceed 0.60 a/s; 

o use caution in selecting the location of air valves; 
reneaber that air valves are no good! unless they are 
properly maintained; 

o select air valves with fewest mechanical parts to go 
wrong; 

o reaeaber that air valve chaabers dol need venting in 
order to work. * 

Valves and Appurtenances 

7.4.1 General 

Mains should be divided into sections by the provision of 
stop valves so that the water aay be shut off for repairs. 

Air valves should be provided at pipeline suaaits and 
washouts at low points between suaaits Sunless adequate 
provision is aade for the discharge of air and water by the 
presence of service connections, fire hydrants or 
startdposts. 

Large-orifice air valves will discharge displaced air when 
aairis are being charged with water. When air is liable to 
collect at suaaits under ordinary conditions of flow, 
saall—orifice air valves, which discharge air under 
pressure, nay be required. "Double-acting" air valves 
having both large and saall orifices should be provided 
where necessary. Air valve chaabers should have adequate 
drainage to avoid the possibility of contamination, 

Washouts should not discharge into a drain or sewer or into 
a aanhole or chanber connected thereto. Where a washout 
discharges into a natural watercourse, the discharge should 
at all tiaes be well above the highest possible water level 
in the watercourse. In soae cases it aay be necessary for 
the washout to discharge into a watertight suap which has 
to be eeptied wliile in u.se by portable nuaping equipaent. 
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Mains need not be laid at. unvarying ^gradients but may 
follow the general contour of the ground. They should, 
however, as far as possible, fall continuously towards the 
washouts arid rise continuously towards the iair valves. 

Anchor blocks should be provided at every bend, branch and 
dead end in a main to resist the hydraulic thrust. 

Stop Valves 

These nay be of several types of which the most common are: 

o sluice valves; 

o butterfly valves; and ; 
o screwdown plug valves. f 

Sluice valves, or gate valves, are the normal type of 
valves used for isolating or scouring.* They seal well 
under high pressure and when fully opy?n offer little 
resistance to fluid flow. 

There are two types of spindles for raising the gate: A 
rising spindle which is attached to the 'gate and does not 
rotate with the handwheel, and a non—rising spindle which 
is rotated in a screwed attachment in the gate. The rising 
spindle type is easy to lubricate. I 

The gate nay be parallel—sided or wedge shaped. The wedge 
gate seals best, but may be damaged by grit. For low 
pressures, resilient or gunmetal sealing faces may be used 
but for high pressures stainless steel seals are preferred. 

Despite sluice valves' simplicity and positive action, they 
are sometimes troublesome to operate. • They need a big 
force to unseat them against a high unbalanced pressure, 
and large valves take many minutes to turn open or closed. 
Some of the problems can be overcome by installing a valve 
with a smaller bore than the pipeline diameter. Valves of 
400 mm and above should be provided with by^passes. 

Butterfly valves are cheaper than sluice valves for large 
sizes and occupy less space. The sealing'is sometimes not 
as effective as for sluice valves, especially at high 
pressures. ; They also offer a fairly high resistance to flow 
even in the fully open state, because the thickness of the 
disc obstructs the flow even when it is rotated 90 degrees 
to the fully open position. Butterfly valves, as well as 
sluice valves, are not suited for operation in partly open 
positions as the pates and seatings would erode rapidt\. 
As botli types require high torques to open them against 
high pressures, the;, often have geared handwheels or powvi'r-
driven actuators. 

ScrewdoviTi tiyS—^il*£§.» include the usual types of small 
diameter bibtaps and stopcocks. They are susceptible to 
wear and consequent leakage at the seating, and can cause 
considerable loss of pressure. 
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Reflux, or non—return, or check valves as they are also 
known, are used to stop flow automatically, in the reverse 
direction. Under nonaal flow conditions the gate is kept 
open by the flow, and when the flow stops, the horizontally 
hinged gate closes by gravity or with the aid of springs. A 
counterbalance can be fitted to the gate spindle to keep 
the gate fully open at practically all flows, or it could 
be used to assist in rapid closing when the flow does stop. 
Springs are also sometimes used to assist closing. Larger 
non-return valves say have multi-gates, in which case the 
thickness of each gate will partially obstruct the flow, 
and swabbing of the pipeline Bay be difficult. Mounted in 
horizontal pipes, the gates of some types of non-return 
valves tend to flutter at low flows, and for] this reason an 
offset hinge which clicks the gate open is sometimes used. 

Soall double check valve assemblies are •• recommended on 
water service lines as backflow prevention devices. 

Contro1 Va1ves J 

These may be used to reduce or sustain pressure, maintain a 
constant flow rate, or set water levels. Often with 
automatic control, they can be utilised for a variety of 
conditions, but require careful setting and maintenance. 

Pressure Reducing Valves (PRV): automatically reduce a 
higher inlet pressure to a constant lower downstream 
pressure, regardless of changing flow rate;and/or varying 
inlet pressure. 

i 
PRVs should be selected and sized for required system flow 
rates, not by main line size. PRVs are suitable for 
velocities to 4:5 a/s (continuous) and 8 m/s (intermittent) 
service, therefore the correct PRV, in most cases, will be 
at least one pipe size smaller than the main line size. 

PRVs are generally installed in pairs, but sometimes only a 
single valve may be used on stations under 100 mm, or even 
three are used where there is a wide variation in flow. 
The number of PRVs to be used will depend on conditions of 
service. 

When using two or more PRVs in parallel, they should open 
at varying pressures to prevent excess throttling of the 
valves. The smallest valve is set to a slightly higher 
pressure to handle low flows. To handle high flow arid peak 
loads, the larger valve(s) open in sequence as downstream 
pressure drops. The valves in reverse order with I he 
smallest salve closing last. 

With parallel installation any single valve can be taken 
out of service tor repairs or adjustment, without shutting 
down the line. Valves are nomally installed in subsurface 
vaults with ready access and adequate space around the 
valves for maintenance. 
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Many reducing problems result from improper sizing. Factors 
of initial pressure, reduced pressure, minimum and maximum 
pressure drop and flow rates should be considered instead 
of simply using line size valves. Regulators should be 
protected from foreign material — install a strainer ahead 
of each PRV, unless the system is adequately protected 
elsewhere. Pressure gauges should be installed on the 
upstream and downstream side of the PRVs for setting 
purposes and checking operation of valves under service 
conditions. 

It is good insurance to install a pressure and surge relief 
valve on the downstream side of the PRV station to protect 
the distribution system from excess pressure in the event 
of a PRV failure. 1 

For maximum accuracy of regulation, on large main line 
multi—PRV stations, pilot controls should be connected to 
an external upstream supply and downstream sensing lines 
connected to the large diameter main line. 

There are several important auxiliary control features that 
can be added to pressure reducing valves, as follows: 

o Downstream surge control — this control will ovei— 
ride PRV control to correct valve * position in the 
event of quick rejection of flow down—stream of the 
PRV or malfunction of the PRV Control System. 

o Excess flow shut down - in the event of main line 
break. 

Pressure relief valves: maintain a constant upstream 
pressure by relieving excess pressure to drain or to a 
lower pressure zone. They are used on: 

° Pump systems -

a) to provide protection against high surges when 
pumps are shut down. 

b) to maintain constant pump dischage pressure by 
bypassing excess back to suction. Constant 

•..-.—.--pressure is maintained automatically as flow 
-̂ .̂ v rate decreases and increases. 

c) to maintain constant back pressure on pumps to 
prevent excess flow rates due to high demand or 
line break. 

o E^^^UII^ L^y^iCS SLsiLi'̂ OS ~ .̂o provide downstream 
system protection against over pressure due to 
malfunction of PRV or quick rejection of flow due to 
fast closing valves or hydrants. 
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° tli5t!2î iti9!3 5i!5t̂ 55 — when installed in a line 
between and upper zone and Lower area of heavy deaand, 
the valve acts to maintain desired upstream pressure 
to prevent "robbing" of the upper zone. Water in 
excess of pressure setting, flows to an area of heavy 
demand. 

Liquid level controls: availabLe in 2 basic types: 

Float valves 
Altitude valves 

Float valves are controlled by a float riding on the free 
surface of the water in the tank. They provide the most 
econoaical installation^and are simple and easy to service. 

Altitude Valves are controlled by a pressure sensitive 
pilot control with a constant head loading balanced against 
the variable tank level. They are commonly used for 
controlling tank and reservoir levels in many major 
Municipal systems elsewhere. 

i 

Both types are available with on-off or modulating control. 
Each type has its use in a municipal system. 

Careful consideration must be given to the choice of on-
off or- modulating control. On-off control is recommended 
for the following services: 

o Gravity supply systems when chlorination is required. 
The on-off type of control valve supplies water at a 
constant flow rate and permits the use of a simple 
advance type of chlorinator. .' 

o Pump systems where the pump starts when tank level is 
low and fills the tank to high water level and then 
stops. On-off control is recommended for this type of 
system to assure that the pump does not run for long 
periods against a partially open valve. 

Modulating control is recommended for the following 
services: 

o. Reservoir level control in large distribution network 
systems where sudden increases and decreases in flow 
rates must be avoided. Modulating control 
automatically adjusts the inflow to the reservoir to 
natch outflow, and therefore maintains a constant 
reservoir level regardless of system demands. 
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o Level control to a reservoir that is sitting on the 
line to maintain constant system pressure with reserve 
for periods of peak demands. 

Pump control valves: puap systeos play a very important 
part in municipal distribution systems. In many cases, 
they are the prime source of water. In other cases, they 
are used to boost pressure to reach remote areas at the far 
end of a system during periods of peak demand. 

In higher head installations it is important to provide 
good start-up and shut-down control as well as power 
failure protection against the harmful effects of water 
hammer. 

The basic principle of pump control is to do everything 
slowly. To achieve this, there are 2 types of control 
availabier 

o bypass control 

o in-line control 

In both cases, the valve does automatically what 
experienced pump operators do manually, to prevent starting 
and stopping surges. 

The bypass type of control system is the most economical 
method and is generally used in conjunction with vertical 
turbine pumps. This type of valve is open when the pump 
starts and stops. On start up, the total capacity of the 
punp is bypassed to drain, or back to suction. The valve 
closes slowly to put flow on—stream smoothly. On shut 
down, the valve first opens slowly to take flow off—stream 
smoothly before the pump is stopped. 

The in-line type of control system requires a full 
discharge line sized valve and is generally used on 
centrifugal booster type pumps. This type of valve is 
closed when the pump starts and stops. On start up, the 
valve opens slowly to put flow on stream smoothly. On shut 
down, the valve first closes slowly to take flow off stream 
smoothly before the pump is stopped. 

For power ̂ 'failure protection, a surge control valve should 
be used, with 2 basic functions. It should open on the low 
pressure wave of the water hammer cycle to readily 
dissipate the return high surge; it should be equipped to 
often on over-pressure due to high pressure surges caused by 
naifunction of the control system. 
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Air Valves 

When a pipeline is filled, air could be trapped at peaks 
along the profile, thereby increasing head losses and 
reducing the capacity of the pipeline. Air vent valves are 
normally installed at peaks to permit air in the pipe to 
escape when displaced by the fluid. They also let air into 
the pipeline during scouring or when emptying the pipeline. 
Without air valves, vacuums may occur at peaks and the pipe 
could collapse, or it may not be possible to drain the 
pipe-line completely. It is also undesirable to have air 
pockets in the pipe as they may cause water hammer pressure 
fluctuations during operation of the pipeline. 

The three basic types of air valves are single small 
orifice, single large orifice urnl double orifice. 

The small orifice valve is designed to release air which 
has come out of solution in the system during pressured 
operation. As the air collects in the valve body, it 
depresses the water level until buoyancy is lost and the 
float falls away from the outlet orifice l̂ ttiriig air out. 
The rising water level then shuts the outlet again. 

Valves are available for pressures up to-25 bar and are 
normally of 25 mm nominal size with a ferrule for screwing 
into the pipeline or a flange for bolting i.o a branch. An 
isolating cock can be incorporated. 

* 
The large orifice valve is designed to allow large 
volumes of air to exhaust from the pipeline during initial 
filling and free entry of air during emptying. The air 
inflow rate must be sufficient to permit̂  dewatering or 
scouring to be carried out without a risk of pipeline 
collapse through excessive vacuum. 

The valve element consists of a cylindrical or spherical 
float, which remains open during filling or emptying and 
which should only close through water rising into the valve 
body and "floating" the valve onto its seat. A pipeline 
pressure about 0.1 bar above atmospheric should hold the 
valve closed even when air has displaced the water from the 
valve body. 

The double orifice valve essentially combines a single 
small orifice unit and a single large orifice unit in one 
assembly and performs the functions of both. It is 
available in two forms: with the large orifice unit 
forming the main assenbly and the small orifice unit 
attached with no integral isolation valve; or with the 
valve built around a central screwdown isolating valve 
which has the small and large orifice units disposed about 
it. 
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The latter arrangement creates turbulent air flow through 
the large unit so that stability arid capacity are compared 
with the other simple "straight—through" type. Stability is 
very important, particularly since the discharging air cart 
reach sonic velocity when the pressure difference is 0.9 
bar. The "straight-through" arrangement can be isolated by 
a gate or butterfly valve mounted between the air valve and 
the pipe branch. This also allows the air valve to be 
removed from the pipe without interrrupting flow. 

When considering location of air valves the following 
points should be remembered: (See Fig. 7.9). 

o Double orifice valves are essential at all peak points 
which aust be defined with reference to the hydraulic 
gradient at maximum flow as well as to the horizontal. 
A peak nay be considered as any pipe .section which 
slopes up towards the hydraulic gradient or runs 
parallel to it. 

o Air tends to get trapped at points where the upward 
gradient decreases, or the downward gradient 
increases. Here a single seal I oirifice or a double 
orifice valve should be used depending on the extent 
of the change. 

o Valves will also be necessary at intermediate points 
on a long incline to limit the interval between valves 
to 500B. They nay be single snail orifice supplemented 
by double orifice at 1 km intervals. 

o Long declines should be considered on a similar basis 
to inclines except that double orifice valves should 
be used. 

o Truly horizontal sections or those with gradients of 
less than 0.22 are difficult to ventilate, 
particularly if the fluid velocity is less than 2m/s. 
Double orifice valves should be fitted at intervals 
not longer than 500s. 

Generally, more air valves are required at the beginning of 
a system and while precise rules cannot be given, the 
maximum^££interval between valves should not exceed 500m in 
these! e^ly;'sections, whereas this can be increased to 750m 
towards the end. It is also advantageous to ove»—ventilate 
high—pressure sections, because air trapped in these 
sections will be more readily taken into solution so 
increasing the anount of air released in the lower pressure 
sections. 
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Some fe-atures t~equire special attention: an additional 

airvalve is often an advantage on a pump discharge, 

particularly in a suction—lift application; artificial 

pockets such as the bonnet section of a large gate valve or 

a pipeloop nay require a single snail orifice valve; and 

there is merit in fitting a snail valve downstream of 

fittings such as pressure reducing valves, orifice plates, 

or taper pipes which are likely to cause pressure changes. 

When selecting valve sizes, it should be renenbered that 
saall orifice valves must operate when the pipeline is 
pressurised, so it is vital that the naxinun pressure 
condition is correctly identified for : each location. 
Maximum pressure will occur under low flow conditions and 
selection on the basis of pressure will ensure that valves 
operate under all working conditions. 

While sizes tend to be empirical, the discharge rate can be 
calculated fron the foraula: 

0.0079 <P P t 

rate of flow of free dry air (n~fynin.) 

orifice diameter (mm) !• 

absolute pressue at valve inlet (bar) 

Large orifice valves are required to admit or release air 

during filling or emptying of the pipeline and should be 

capable of passing free air at the sane rate as the water 

enters or leaves the system. Once again, size selection 

tends to be empirical, but new high-performance designs 

have been introduced which have a different relationship 

from conventional valves. j 

Where actual air flow requirements are known the valve size 

can be calculated fron the formula: 

Q = Cv^P x P t 

for inflow and for outflows up to a differential pressure 

of 0.9 bar. 

Q = rate of flow of free dry air (m*Vs). 

A P =:: differential pressure <bar) 

P^= absolute pressure at valve inlet (bar). 

Where the outflow differential pressure is in excess of 0.9 

bar, the foraula becomes: 

Q = 0 x Pl 

The flow coefficient C is dependent on valve size and 

configuration and is available from manufacturers; it 

approximates to 0.006dJ, d being the orifice diameter in 

nm. i 

Q 

<gfe Where Q 
W d 

P 
r 
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Double orifice valves are sized by applying the rules for 
both single snail and large valves. 

As a general guide, preliminary to the detailed evaluation 
above, the sizes of air valves to be installed on aairis are 
to be as foI lows: 

Main - dia. {nit) VaJ.ve_-_d_iaJ__(jaô  

Up to 
500 to 
700 to 
900 
.000 to 

450 
600 
800 

1200 
2 
2 

75 
100 
150 
x 100 
x 150 

Air valves can also be adapted for a number of special 
applications in addition to ventilation. 

Surge alleviation: Air valves cannot relieve pressure 
surges in a water system, but surge effect^can be minimised 
by removal of the air and hence the elasticity from the 
system. However, there are operating situations when air 
valves can be adapted to alleviate surge. In particular, 
pipelines which aay be subject to column separation, 
possibly as a result of puap stoppage, benefit froa free 
adaission of air at the separation, provided that the 
redischarge of this air can be controlled. A vented non
return valve produces this characteristic, converting the 
pipeline into an air vessel to cushion the columns as they 
rejoin. 

Low pressure zones: In certain.systems' a condition aay 
arise where the hydraulic gradient passes below a peak 
point. A conventional air valve will admit air under these 
circumstances and in order to ventilate these peaks an 
"inflow" check valve must be incorporated in both of the 
air valve orifices. This allows air to be released without 
the embarrassment of air entering when not required. 

Ref: Gilbert, S. "Air valves can protect your pipeline," 
World Water, Kov. 1979. 

Washouts " ™ - ^ ^ j £ - •• 

These, used for emptying a main or removing stagnant or 
dirty water, are located at all low points on a 
transmission pipeline route preferably near drains or 
streotas. Usually 100 mm to 225 mm in size, the level 
invert tee outlet should be carefully protected to prevent 
scour around the pipeline due to the high velocity 
discharge, and the discharge channel to the receiving drain 
should si«ilarly be protected. 
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7.A.7 

As a general guide, the sizes of washouts to be provided 
are as fo1lows: 

Main dia. (no) Washout dia. (na| 

Up to 500 
600 to 800 
900 
1000 to 1200 

Valve Chambers 

nn 75 BB 
100 BB 
150 BB 
200 BB 

Typical valve chaabers are shown in in Figs 7.10 and 7.11. 
On larger sains of 900 BB and above, manholes 500 BB in 
dianeter should be provided near stop ;valves and air 
valves. 

7.4.8 Thrust Blocks 

Refer to Table 7.3 and Figure 7.13. Topical details at 
river crossings are given in Figure 7.12. " 

i 

For Bore details see Ref. 20. 

7-31 



300 mni 

BITUMINOUS 
SEALtNO 
COMPOUND 

RESTRAINED 
FLEXIBLE 
COUPUNO 

# 

BUTTERFLY VALVE 

PLANOE AOAPTOfl ELEVATION SUPPORT SADOt-E 

UFTWO HOOK 

PRECAST CONCRETE 
( 0 0 NOT BONO TO 
BMCK WALL) 

9 0 M M PVC ORAM TO 
OAYUOWT OR TO 
ORAM PIT 

SURFACE BOX, 
.CHAMED, HEAVY 

bun 

SQUAW NUT 
OPERATOR 

/ / / — BRJCK WUJ.S 

SECTION 

TYPICAL BUTTERFLY VALVE CHAMBER 

FIGURE .7.10 

7-32 



STRAP * m i ANCMC* 
BOLTS 

5 0 M PVC MAIM TO 
DAYLKHT OH TO ORAM 

TIT • 

SECTION 

TYPICAL AIR RELIEF VALVE CHAMBEl 

STEEL 
PIPELINE-

t-L-n 

C. 
T 

LIFTINO HOOK 
50mm PVC ORAM TO 
OAYUOHT OK DRAIN 

PIT-

= * 

I 
._4. 

sj^frFR 
-? P L A N 

SURFACE BOX CHAINED, 
HEAVY DUTY 

»TIEL PIPtLINl —. I 8 0 « « -
MIN 

SLUICE VALVE 
7 3 mm 

THRUST BLOCK 

FLEXIBLE C0UPLIN8 

E L E V ATION 

TYPICAL WASHOUT CHAMBER 
FI6URE.7.II 



Table 7.3 

End & Radial Thrusts for 1 Bar (100 kPa) Internal Pressure 

N O B Internal 
Dianeter 
(urn) 

50 
75 
100 
125 
150 
175 
200 
225 
250 
300 
350 

Blank Ends 
and Junctions 

<N) 

374 
716 
1166 
1761 
2471 
3290 
4232-
5271 
6426 
9374 
12523 

90° Bends 
(Newtons) 

529 
1013 
1652 
2490 
3497 
4652 
5987 
7452 
909/) 
1320 
17710 

45° Bends 
(Newtons) 

264 
546 
897 
1348 
1890 
2516 
3239 
4032 
4916 
7174 
9587 

22?i° Bends 
(Newtons) 

148 
277 : 

458 : 

690 ; 
961 * 
1284 '*• 
1652 ;, 
2058 
2510 ? 
3658 . 
4664 * 

<5. 

11V° Bends 
(Newtons) 

71 
142 
232 
348 
464 
645 
832 
1032 
1256 
1839 
1456 

il-

Source; Public Utilities Board, Singapore - Code of Practice on Water 
Services. ? 

Note 1 bar = 10.1972 «H 20. 

} 
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CHANNEL. 
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LEVEL. 
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HORIZONTAL 90° BEND HORIZONTAL 45° BEND TEE 

# 

WYE 

CREOSOTED 
PILING 

TEE J # # i 4U)G 
3 0 0 x 3 0 0 x 1 0 0 PRECAST 
CONCRETE BLOCK 

NOTES: 
I. WHERE GROUND CANNOT BE EXCAVATED 

TO FREE STANDING UNDISTURBED SOIL 
SMALL PLANK SHEET PILING SHALL BE 
DRIVEN TO PROVIDE UNDISTURBED THRUST 
AREA. PIUNG TO BE DRIVEN PRIOR TO 
EXCAVATING FOR THRUST BLOCK. PILING 
SHOULD BE USED ONLY BELOW THE 
PERMANENT WATER TABLE. 

Z ALL DIMENSIONS ARE GIVEN IN millimetres 
UNLESS OTHERWISE INDICATED. 

TEE WITH VALVE 

CROSS WITH 
PLUG 

NINIKUM THRUST AREAS FOR FITTINGS AT 1030 KFA PRESSURE AND FOR SOILS WITH KIN, BEARING OF 960 KPA 
(NOT TO BE USED FOR SOFT CLAY, MUCK, FEAT ETC.) 

TYPE OF FITTING 

»0° tend 

45° btnd 

.0 
It j bmtf 

tt« 

FITTING 
SIZE 

0 

ISO 
ZOO 
250 
300 

ISO 
ZOO 
ZSO 
300 

ISO 
ZOO 
ZSO 
300 

ISO 
200 

zso 
300 

OUTSIDE 
OF FITTING 
TO BEARING 

FACE 

K 

300 
3S0 
380 
400 

300 
3S0 
380 
400 

3C0 
3S0 
380 
4 00 

300 
3S0 
380 
400 

RECESS 
IN TREN« 
HALL 

H 

LEN6TH 

L 

920 
1070 
14S0 
1«S0 

460 
610 
760 
920 

460 
610 
8<0 
920 

610 
760 
990 
1220 

HEIGHT 

H 

460 
610 
760 
«0 

460 
610 
760 
920 

?:o 
300 
460 
460 

460 
510 
760 
'.20 

TYPE OT FITTING 

cr««s - _;;. 

45° vy« 

rtdtictr* 

cipi <nd ptugi 
(If not bolttd) 

FITTIN6 
SIZE 

D 

150 
•ZOO 
zso 
100 

ISO 
zoo 
zso 
30P 

ISO 
zoo 
zso 
300 

ISO 
zoo 
zso 
300 

OUTSIDE 
OF FITTING 
TO BEARING 

FACE 

M 

300 
3S0 
380 
400 

300 
3S0 
380 
400 

300 
350 
380 
400 

200 
350 
J80 
403 

RECESS 
IN TRENO 
HALL 

M 

300 
400 
500 
(00 

ISO 
ZOO 
ZSO 
300 

LENGTH 

L 

610 
760 
990 
1220 

460 
610 
760 
920 

460 
510 
760 
920 

460 
610 
760 
920 

HEIGHT 

H 

4 6 0 •""•' 

610 . 
760 
920 

460 
610 
760 
920 

460 
610 
760 
920 

460 
610 
760 
920 

'DIMENSIONS APPLY TO THE LARGER DIAMETER END OF FITTING 

THRUST BLOCK DETAILS 

FIGURE.7.13 
7-36 



DISTRIBUTION 

8.1.1 Pie«_Network 

For a Larger urban system, pipelines should be considered 
in 4 categories, as follows: 

a) Transmission nains 
b) Primary mains 
c) Secondary nains 
d) Tertiary nains 

a) Transmission (or supply) nains ;(dealt with in 
Sect ion 7 ) carry water frora the source or treatment 
plant to service reservoirs or the eclge of the supply 
area. They should have no cross connections, 
services or hydrants, and line valves, air—valves and 
washouts should be provided. J 

b) PiZilSEX lS3T__tnJD^i_53iD5 (usually ^50 at and above) 
form the main grid and primary ring main system 
supplying water from the service reservoirs to each 
distribution zone or pressure zone. ;Pressure will be 
governed by the zone service reservoirs. Primary 
nains should be connected with all crossing primary 
and secondary nains. No services oil hydrants should 
be allowed, and air valves and washouts should be 
provided. ? 

c) Secondary (or f_££derj. nains (usual feize 150—300 no) 
supply water to consumers either directly or via 
tertiary nains. Cross connections with all other 
secondary and tertiary nains should be provided, 
together with hydrants. Service connections are 
allowed; air valves and washouts are riot required. 

d) l£ri!a.r.v. (or network) nains (usually 75—200 nn) 
provide the ninor distribution to serve all consumers 
in the system not adjacent to secondary nains. 

In general a looped, inter-connected ring nain system of 
primary mains is desirable for optimum system design and 
flexibility. However, dead—end mains usually cannot be 
avoided. 

8.1.2 Locat ion 

Adopt the following vj:r iteria for positioning distribution 
nains: 
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o The criteria governing the depth of sains below 
ground will be easy aaintenance, avoidance of 
excessive earth pressure and protection froet live 
load due to traffic. 

o Mains laid in trenches should have a airiiauB cover of 
0.8 n for pipes 400 an and less and 1.0 m for larger 
pipes. Where cains will be subject to traffic-
loading, miniRUB cover should be 1.0 a. 

o The depth of cover should be increased as necessary 
where the ground level is to be changer! in future for 
construction of a road, where increased depth is 
needed to naintain airiiauB slope in the pipeline 
where this will eliainate the need for an air valve, 
or where other special requireaents call for'greater 
depth. 

o Wherever a suitable route is available, aains will 
preferably be laid on the side of the carriageway, in 
verges, footpaths, pavenecits or green strips. 

o Mains proposed to be laid under roads ar-e to be 
located at a ainiaua distance of l a from the edge 
of the road or the roadside drain. 

o Mains crossing railways shall be laid either in open 
cut or in tunnel as nay be required by the 
authorities concerned. 

o Mains crossing under a railway, highway or road shall 
be at a niniaua depth of 1 a below the surface. 

o The provisions for protecting aains in the above 
cases shall be one of the following: 

a) Concrete surround 150 aa thick for road 
crossings; 

b) Steel pipe casing having a diaaeter 150 aa 
larger than the aain, for railway crossings. 

o Along major highways, rider aains should be installed 
along each side of the road to avoid the necessity to 
lay service connections across it. 

Position the sain to avoid other services with the 
following criteria: 

o Mains should be laid with a horizontal, clearance of 
at least 3 o froa any sewer. Whore this is not 
possible the bottoo of the water aain should be at 
least 0.5 a above the top of the sewer or the sewer 
should be cons' ructed of watertight aaterials arid 
joints equivalent to water aain standards. 

8-2 



o Mains running parallel to underground cables are to 
be located at a mininun distance of 1JR away from the 
cab1e. 

o Mains crossing underground cables shall generally be 
laid under such cablets at a minimum depth of 1 • 
below then. 

o Mains running parallel to or near overhead lines 
shall have a clearance of at least 1.5 a between the 
base of supporting poles and the wall of main trench. 

o The position of the nain relative to. overhead lines 
shall allow easy access for maintenance and repair 
the main. 

o Mains to be laid alongside open drains shall be laid 
at a distance of at least 1 m from the nearest side 
of the drain. • 

8.1.3 Water Denand 

Section 3.2 includes basic data for calculation of water 
demands, and a procedure for systematically surveying and 
calculating the water demand in each s<§ction of the 
distribution system is given in Annex C. 

This detailed survey procedure would be too detailed for 
use in a larger urban system, where it is more usual to 
calculate domestic demands on an area basis using 
population densities, and add on factors or specific 
amounts for non-domestic consumptions. Each area of urban 
development would contribute to the demand'at an adjacent 
demand node in the idealised system. Different rates of 
per capita demand (litres/capita day) could be applied to 
different values of population density (persons/hectare) 
depending on the various housing classifications or zones 
in the urban area concerned; e.g. high, medium and low 
density residential. An example of such a water demand 
projection is given in Table 8.1, for the city shown in 
Figure 8.1. 

Schemes should be designed for 24 hours supply to 
consumers. Typical peaking factors to apply for water 
demand, for transmission and distribution works, are given 
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A EXAMPLE OF WATER DEMAND AREAS AND PRESSURE ZONES 

FIGURE 8.1 
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Table 8 .1 

Example Calculation of Water Demancfe b y Dis t r ibut ion Zone 

P r e s s u r e Zone 
and Water 

Consumption Area 

1970 Zone 
Area , 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

» ' « . 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 

T o t a l 1760 Zone 
1860 Zone 
Area 28 

1900 Zone 
Area 29 

30 
31 
32 
33 
34 
35 
36 

T o t a l 1900 Zone 
T o t a l a l l Zones 

1980 

P o p u l a t i o n 

1 6 0 , 7 6 0 
1 0 4 , 1 0 0 

4 9 , 0 5 0 
3 4 , 4 6 0 
4 S , 8 4 0 
1 9 , 1 8 0 
4 0 , 2 6 0 
3 7 , 7 3 0 
7 8 , 3 2 0 
2 0 , 2 4 0 
7 0 , 0 7 0 

-
2 , 6 6 0 

3 5 , 2 0 0 

-
S , 6 9 0 

-
400 

-
4 , 4 4 0 
7 , 7 6 0 
8 , 9 3 0 
6 , 6 0 0 
4 , 1 1 0 

1 1 , 4 3 0 
5 , 6 2 0 
3 , 1 9 0 

7 S 6 , 0 4 0 

9 , 4 3 0 

1 7 , 0 5 0 
1 2 , 4 3 0 

6 , 8 0 0 
6 , 0 7 0 

1 0 , 3 6 0 
4 , 8 9 0 
5 , 9 9 » -
6 , 1 2 0 

6 9 , 7 1 0 
8 3 5 , 1 6 0 

Water 
Demand 
(ML/d) 

2 1 . 5 
1 3 . 9 
6 . 6 
4 . 6 
6 . 1 
2 . 6 
S . 4 
5 . 1 

, 1 0 . 5 
2 . 7 
9 . 4 
3 . 9 
0 . 3 
4 . 7 

-
0 . 8 

-
0 . 1 

-
0 . 6 
UO 
1 . 2 
0 . 9 
0 . 6 
1 .5 
0 . 7 
0 . 4 

1 0 5 . 1 

1 . 3 

2 . 3 
1 . 7 
0 . 9 
0 . 8 
1 .4 
0 . 6 
0 . 8 
0 . 8 

9 . 3 
1 1 5 . 7 

1990 

P o p u l a t i o n 

1 6 5 , 6 0 0 
1 1 6 , 9 2 0 

5 0 , 0 5 0 
3 9 , 3 5 0 
5 9 , 2 2 0 
3 3 , 7 1 0 
5 2 , 6 8 0 
5 6 , 2 5 0 

1 2 8 , 1 6 0 
3 4 , 1 6 0 

1 1 4 , 6 6 0 

-
7 , 9 8 0 

4 4 , 0 0 0 

-
1 1 , 3 8 0 

-
— 540 

-
6 , 1 2 0 

1 0 , 7 8 0 
1 2 , 4 0 0 
1 3 , 2 0 0 

8 , 2 2 0 
1 5 , 8 8 0 

7 , 4 9 0 
4 , 2 5 0 

9 9 3 , 0 0 0 

1 3 , 0 S 0 

2 9 , 9 7 0 
3 2 , 2 1 0 
1 6 , 1 0 0 
1 2 , 1 4 0 
2 6 , 8 5 0 

6 , 5 2 0 
7 , 9 8 0 
8 , 1 6 0 

1 3 9 , 9 3 0 
1 1 4 5 , 9 8 0 

Water 
Demand 
(ML/d) 

2 5 . 7 
1 8 . 2 

7 . 8 
6 . 1 
9 . 2 
5 . 2 
8 . 2 
8 . 7 

1 9 . 9 
S . 3 

1 7 . 8 
7 . 9 
1 .2 
6 . 8 
4 . 2 
1 . 8 

- • 

0 . 1 

-
0 . 9 
1 . 7 
1 . 9 
2 . 0 
1 . 3 
2 . 5 
1 . 2 
0 . 7 

1 6 6 . 3 

2 . 0 

4 . 7 
5 . 0 
2 . 5 
1 . 9 
4 . 2 
1 .0 
1 .2 
1 . 3 

2 1 . 8 
1 9 0 . 1 

2000 

P o p u l a t i o n 

1 6 5 , 6 0 0 
1 2 8 , 2 2 0 

5 0 , 0 5 0 
4 3 , 7 4 0 
6 6 , 9 0 0 
4 3 . S 9 0 
5 2 , 6 8 0 
5 6 , 2 5 0 

1 4 2 , 4 0 0 
3 7 , 9 5 0 

1 2 7 , 4 0 0 

-
1 5 , 9 6 0 
5 2 , 8 0 0 

-
2 2 , 7 6 0 

-
670 

-
9 , 4 2 0 

1 7 , 2 4 0 
1 9 , 8 4 0 
2 9 , 7 0 0 
1 8 , 5 0 0 
2 5 , 4 0 0 

9 , 3 6 0 
5 , 3 1 0 

1 1 4 1 , 7 4 0 

2 0 , 4 7 0 

4 0 , 5 3 0 
5 9 , 3 3 0 
3 1 , 7 4 0 
2 7 , 3 2 0 
4 9 , 4 6 0 

8 , 1 5 0 
9 , 9 8 0 

1 0 , 2 0 0 

2 3 6 , 7 1 0 
1 3 9 8 , 9 2 0 

Water 
Demand 
(KL/d) 

3 2 . 7 
2 5 . 3 

9 . 9 
, 8 . 6 
!13.2 
; 8 . 6 
; i o . 4 
1 1 . 1 
2 8 . 1 
T7 .S 
2 S . 2 
1 1 . 8 
. 3 . 2 
1 0 . 4 
• -6 .4 
• 4 . 5 

(. *" 
0 . 1 

i ~ 
1 . 9 

. 3 . 4 
| 3 . 9 
5 . 9 
3 . 6 
5 . 0 

N.e 
. 1 . 1 

2 4 3 . 6 

, 
•4.1 

t 

8 . 0 
1 1 . 7 

6 . 3 
5 . 4 
9 . 8 
1 . 6 
2 . 0 
2 . 0 

4 6 . 8 
2 9 4 . 5 

2030 

P o p u l a t i o n 

1 6 5 , 6 0 0 
1 2 8 , 2 2 0 

5 0 , 0 5 0 
4 5 , 0 0 0 
6 6 , 9 0 0 
4 3 , 5 9 0 
S 2 , 6 8 0 
5 6 . 2 S 0 

1 4 2 , 4 0 0 
3 7 , 9 5 0 

1 2 7 , 4 0 0 

-
1 5 , 9 6 0 
5 2 , 8 0 0 

-
3 4 , 1 4 0 

-
3 , 3 5 0 

-
1 8 , 8 2 0 
2 S , 8 6 0 
2 9 , 7 6 0 
3 9 , 6 0 0 
2 4 , 6 6 0 
3 8 , 1 0 0 
4 6 , 8 0 0 
2 6 , 5 5 0 • 

1 2 7 2 , 4 4 0 

3 5 . 8 S 0 

4 0 , 5 3 0 
7 3 , 4 5 0 
4 0 , 3 9 0 
3 6 , 4 2 0 
6 1 , 2 3 0 
4 0 , 7 5 0 
4 9 , 9 0 0 
5 1 , 0 0 0 

3 9 3 , 6 7 0 
1 7 0 1 , 9 6 0 

Water 
Demand 
(ML/d) 

5 0 . 9 
3 9 . 4 
1 5 . 4 
1 3 . 8 
2 0 . 6 
1 3 . 4 
1 6 . 2 
1 7 . 3 
4 3 . 8 
1 1 . 7 
3 9 . 2 
1 5 . 8 

4 . 9 
1 6 . 2 
8 . 5 

1 0 . 5 

-
1 .0 

-
5 . 8 
8 . 0 
9 . 1 

1 2 . 2 
7 . 6 

1 1 . 7 
1 4 . 4 
8 . 2 

4 1 5 . 6 

1 1 . 0 

1 2 . 5 
2 2 . 6 
1 2 . 4 
1 1 . 2 
1 8 . 8 
1 2 . 5 
1 5 . 3 
1 5 . 7 

1 2 1 . 0 
5 4 7 . 6 

1. Hon domestic consumption and l o s s e s are d i s t r ibuted 
throughout the area based on popula t ion . Demands in Areas 
12 and 15 are on the basis_pfj2^ML/d per 100 ha in year 2030-

2. Mater consumption area a n d ^ e s s u r e tone boundaries are given 
on Figure 8 * 4 

3. Water demands are for average day* 
- 6 -

: Projected 

Water Demand by Pressure Zones 

and Water Consumption Areas 
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•M.4 V£i Jiving 

Isolating valves on transmission mains should be installed 
at intervals of about 1.5 -km, and about 0.5 km intervals 
on primary mains to suit requireoents of air valves and 
washouts. On secortdary mains, isolating valves should be 
provided at every branch connection, street junction and 
where required by special circumstances. 

At every pipe intersection the number of isolating valves 
should be (n-1) where n is the number of pip* anas at the 
intersection. One isolating valve should be provided at 
all of the following points: 

o on by passes; 
o at hydrant connections; 
o at washouts; 
o at ail—valves; " 

Valves and hydrants in a system should close the sane way, 
usually clockwise closing. Valves on wains of 300 am and 
smaller should be of the same size as the main. For 
economy, isolating valves on larger mains may be smaller 
than the main as follows: 

350-400 mm main - 300 mm valve 
450-500 400 
600-700 500 
600-900 700 

Isolating valves on branches for air valves, hydrants, 
washouts and by—passes should be of the same size as the 
branch pip*?. By passes should be provided on all valves 
of 400 mm size and over. 

For smaller rural or semi urban systems, where it is 
required to raiminize the number of valves in a system, 
cross-connections between branch lines and loops should be 
considered where possible and emergency shut-off valving 
should be by service zones rather than for individual 
lines. 

Supply Pressures arid Zoning 

Give careful consideration to dividing the system into 
separate pressure or distribution zones supplied from 
service reservoirs at different elevations. This can 
usually be done initially on the basis of topgraphic 
contours at say, 60 m, intervals. Figure 8.1 shows an 
example of water denand areas and pressure zones. 

Desipn for '.he following minimum residual pressures 
throughout the syst?n at peal hourly flow: 
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MMYJDUD 

Res i dua1 Pressure 

Rural or semi rural systems 6 a 
Snail urban systems 9-12 et 
Mediura urban systems (dwellings 20 n 
(up to 3 storey height) 
Large urban systems 30 m 

Maximum static pressures wilL depend on the topography, 
being higher in hilly areas — try to maintain a maximum of 
60-60 m in flat areas and 60-100 a in hilly areas. 

If necessary, use pressure reducing valves or break 
pressure tanks for low lying areas where static pressures 
would be excessive. > 

6.1.6 Standposts 

A single tap public standpost supply should be used for 
about 100 persons and the walking distance should, 
whenever possible, be limited to 150m,; In cases where 
supply is limited, cistern standposts fo# 7i$&-600 persons 
each nay be provided at distances up to 500 m. The number 
of users per tap should be limited to about 100 and in 
order to avoid crowding near a standpost, the number of 
taps should be United to 2 taps per standpost. Discharge 
at a tap should be between 0.2 and 0.3 1/sJ 

The location of standposts should be selected in 
consultation with the local authority. In order to derive 
revenues to operate the water system, standpost supplies 
should be liaited to low—income users who cannot afford 
house connections. In commercial areas, for instance, 
where store—owners could afford house connections, 
standpost locations should be discouraged. Standposts in 
residential areas should be readily accessible and at a 
spacing of up to 300 m or less as required by population 
density. The standpost location should be protected from 
vehicular traffic and at a safe distance from the 
roadway. 

Proper drainage should be provided to prevent ponding of 
water around the standpost, erosion damage, or creation of 
an unhealthy environment. If required, provide a drain 
pipe to convey waste water to a suitable location, in 
addition to a curb around the apron. 
(Ref: Rural Water Manual Dl). 

8.1.7 Hydrants 

Hydrants .-trt; rv«|uired in urban scheoes ar«d should be of 
the below—ground type to British standards. Hydrants 
should noraally be spaced at intervals of 300 m in 
suburban resid- ntial areas arwJ 200 m in downtown cores and 
suburban centre?;. 
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Factors determining the location of fire hydrants will 
include the following: 

o easy access at street intersections, lengths of fire 
hose lines not to exceed 150 n, value of property and 
degree of fire risk; 

o 2 hydrants per 1,000 persons should be provided for 
smaller urban schemes, with up to 4 in larger urban 
schemes; 

o if fire protection has to be given, this will 
generally be found to have an overriding influence on 
the size of the main necessary. The rate of flow 
required in the main and the pressure required at the 
hydrants will vary according to the fire risk 
involved and the local Fire Department should be 
consulted. The minimum rate of flow required'to deal 
with a substantial fire in a small house is about 15 
l/s. If mobile fire pumps are to be used, the flow 
required to supply one pump is from 25 to 75 l/s. 

8.2 Methods of Analysis 
» -

The procedure for calculating or estimating the demand at each 
street (or part thereof) of the supply area has been described in 
Section 8.1.3. A schematic representation of the pipe system 
should be drawn up, with numbered pipes and demand nodes (see 
Figure 8.2). 

In a simple system or zone served by one reservoir, the reservoir 
will be the input node at a fixed head. The next step is to make a 
rough estimate, using charts, of the flow in each pipe so that 
approximate pipe sizes can be assigned. This can be .done by 
starting at the part of the system furthest from the reservoir and 
making assumptions regarding the contribution from each pipe to 
each nodal demand, 

Next, tabulate pipe data as follows: 

o length (ra); 
o internal diameter (mm); 

A o Hazen-Williams C factor. 

and node data as follows: 

o demand or input (l/s, or other units); 
o elevation above given datum. 
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Note that the total demand from the system must equal the total 
input. For reservoirs, the top and bottom water elevations should 
be kriown, and if possible for pumping stations and booster 
stations, the purap characteristic curves. Some software 
programmes, such as KPIPES are able to model fairly complicated 
system configurations including pumps, valves and check valves, 
head restrictions, pressure regulating valves arid reservoirs, arid 
to perform step by step simulations of system performance over a 
period of tine. Such programmes are suitable for noddling 
performance of existing systems. 

For most new system analysis such sophistication is not required 
and sore straightforward programmes such as LOOP and FLOW are 
adequate to model the basics of the system. There is a danger, in 
trying to develop too complicated a system model, that too much 
confidence will be placed in the results. Remember that the 
purpose of the model is to aid design — if the system you develop 
is too complicated to be modelled adequately using LOOP unci FLOW 
then perhaps the system will be difficult to operate in practice, 
and should be simplified by zoning, avoidance of pumping directly 
into the system, or other means. A simple distribution system 
supplied by gravity from service reservoirs is straightforward to 
model, and to operate.(See also Section 9.3 for alternative system 
and reservoir configurations). 

Having tabulated the basic data, these must then be input to the 
computer (in the format applicable to the software programme in 
use) and the model analysed for various conditions which will 
depend on the actual system configuration. Generally, it is 
necessary to model the following cases for the design yexar and for 
any interim construction stage years in which new distribution 
pipes are added: 

Case 1 Maximum day flows, to show the normal system operation and 
pressur es. 

Case 2 Peak hour flows, to show the maximum demand conditions and 
low pressures. 

Case 3 Minimum night flows, to show the minimum demand conditions 
and high or static pressures. 

Case A Maximum day + fire flows, to show typical fire emergency 
conditions (if required). 

Consideration should be given to the service reservoir level to be 
adopted for each case - it would be unrealistic for most sytens to 
assume constantly empty or constantly full reservoirs and the 
following could be adopted: 

Case 1 Reservoir full 

Cas^ 2 Reservoir half full - the probable water 'evel at the end 
of th* maximum supply period. 
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Case 3 Reservoir full - the probable water level at the 
completion of night-tine replenishment. 

Case A Reservoir at 1 a above empty — the severest condition 
during a major fire. 

The assignment of fire flow locations and quantities will have to 
be ascertained depending ori local Fire Department requirements. 
Fire flow demands may well necessitate an increase in pipe sizes 
over those required for peak hour flow. The locations chosen for 
fire demands will normally be at strategic points in each zone. 
(See Section 8.1.7) 

It Bay also be necessary to consider variations in the C—values of 
pipes to represent deterioration in carrying capacity over time. 

i 

The preliminary pipe diameters and system configuration should be 
modified after running each set of cases to obtain an optimum 
system design by trial and error, which meets the design criteria 
for all cases. For a straightforward system this can usually be 
done after only 2 or 3 trials. 

«^F "̂̂  !^^_l^iect^ori_ai^_Re£cur I 

This is a subject which is often overlooked as being unimportant, 
or bypassed in favour of development of new sources to meet 
increasing demands. However, it is a fact that in most systems 20?; 
or more - even up to 50? - of the supply is lost through leakage 
and waste from mains, valves, reservoirs, pumping stations, service 
connections and on consumers' premises. In a correctly, operated 
and maintained system, such losses should not exceed 10—15% of 
production. 

This loss can amount to a considerable sum of money whether in 
terms of the cost of production (usua lly Rs.2 to Rs.5/m3) or in 
terms of loss of revenue had this water been available for sale to 
consumers. 

Waste, of water on consumers' premises after the meter is in theory 
not a monetary loss, but is a waste of a usually scarce resource 

^^ which should be minimised — often, however the loss becomes 
^ ^ monetary if the customer meter is defective or if the customer 

successfully contests his high water bill: in either case the 
situation is unacceptable; 

When a scheme reports a shortage of supply it should automatically 
become the practice to send out a leak detection crew to locate and 
repair leaks in the system, either before or as a part of any 
rehabilitation or extension work. The reduction of system leakage 
and waste could well result in an extension or augmentation project 
being deferred: this would usually be of economic l>enetit. The 
economics ol leakage control are not discussed here, but have been 
well documented (Refs. 26, 27). 
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The starting point in any survey is to know how much supply is 
entering the system, preferably zone by zone, and this will usually 
require- reading existing Deters or carrying out pitometer or 
insertion flow meter surveys. An analysis of billings should 
readily show actual consumption and indicate the level of 
unaccounted-for water (UFW). Note, however, that this also will 
include "billing losses" due to neter inaccuracies, neter reading 
errors and billing faults, all of which may amount to a significant 
proportion of total UFW. 

The actual leakage/waste surveys would include the following: 

o loss surveys at treatment plants — measure leakage, filter 
washwater, overflows, etc; 

o leak sounding surveys and inspections of transmission'Dains (eg 
air valves, washouts, unauthorised connections); 

o surveys of overflow and leakage from service reservoirs (study 
operation, perform leakage test); 

o survey standposts for use and correct metering; 

o survey pump stations for leakage; 

o leak sounding surveys and inspections of distribution wains; 

o house inspections for detecting leakage on consumers' premises. 

Methods of leakage control applicable in Sri Lanka are summarised 
as follows: 

o Visual observation, sounding (preferably at night) arid repair: 
in dry weather periods, inspectors can readily observe leakage 
points due to presence of water, seepage or green vegetation 
along pipeline routes. Sounding, with sounding rods, on all 
stopcocks, valves and hydrants listening for the characteristic 
noise of leaking water is also effective. Necessary repairs 
should be carried out without delay. 

o district or zone metering: records are kept of the flow into 
each distribution zone — in the event of an unexpected increase 
in zone consumption, special surveys could be carried out in 
that zone to identify the cause. 

More sophisticated methods, such as waste metering, and instruments 
such as leak noise correlators are not suitable. Waste metering 
involves a fair amount of input in the form of manpower, equipment 
and distribution facilities (meter chambers, isolating valves etc) 
and is suited more to non-metered systems. Electronic leak 
detectors are of limited volue and the effectiveness of surface 
sounding is United by traffic r.oise, the depth of pipes, and low 
system pressures. Sounding at night is preferable due to increased 
pressures ind reduced traffic r.oise. More details of leakage 
control methods and equipment >'*t~e given in Annex 0. 
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Other important points should be noted: 

o high system pressures will lead to increased pipe bursts, and 
increased leakage rates - pressures should be minimised as much 
as possible while providing an acceptable supply. 

o accurate napping of the distribution system is a necessary 
requirement prior to commencing a leakage survey. 

o leak noise does not travel so well in PVC and other non-
metallic pipe, as it does in steel or iron pipe. Nor can such 
pipes be located with metal pipe locators, which highlights the 
need for accurate napping. Special equipment is available for 
PVC pipe location. 

8.A Rehabilitation of Mains \ 

It may sometimes be cost effective to clean and]-re line old mains 
rather than replacing or augmenting them with new mains. 

The condition of a main can be evaluated by carrying out a pressure 
and flow test, as follows: 

o select known length of main to be tested; '. 

o install pressure tappings at each end of pipe length; 

o install accurate pressure gauges (the gauges should be checked 
before and after each test by a deadweight tester); 

o survey accurately the difference in elevation between the 2 
pressure points; 

o install a flow measuring device — eg. bulk jjieter, pitometer, 
insertion flow meter; -

o measure instantaneous pressure loss over test length under 
measured (constant) flow rate; 

o * repeat with changed flow rate if possible; 

o calculate Hazen Williams C-factor. 

If possible, inspect the inside of the pipeline by removing a 
section or valve., for example. Try to relate the:"actual condition 
of the internal surfaces to the calculated C-factor. 

Jf the C-factor is inexplicably low, it may be that there is some 
obstruction or partly closed valve in the pipeline - it may then be 
necessary to repeat the test over shorter sections, to isolate the 
problem area. 
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Mains can be cleaned or relined using various techniques. Pipelines 
frequently build up sediment deposits which nay be removed by 
periodic flushing. When flushing is not adequate, a spring—loaded 
instrument (sometimes called a pig) with steel scrapers can be 
forced through the line by water pressure or by a winch. Sometimes 
several spongy po1yurethane foam balls of increasing size are sent 
through a pipe for cleaning. During cleaning, temporary service 
should be provided to customers with a pipe laid above ground. 

Tuberculation and scale deposits can be removed by the use of 
mechanical or hydraulic scrapers. The scrapers remove the 
tuberculation and existing coatings by a honing action. Care must 
be exercised after each scraping to ensure that deposits removed 
are flushed away and not allowed to enter service connections. 

After scraping, pipes can be lined in place by the application of a 
cement mortar lining. A thin lining of 6 mm or less is! preferred 
in order not to reduce the inner diameter of the pipe too 
seriously. There are three ways of applying the lining: 
centrifugal method, reinforced centrifugal method, and mandrel 
method. Pipe that has been scraped is almost always lined 
afterward because, after scraping, tuberculation will occur at a 
greater rate than before. Cleaning and lining of pipe should 
result in lower pumping costs, increased flow, decreased pressure 
drop and therefore, increased water pressure to the customer. The 
process is normally carried out by specialist contractors. 

Tests to calculate the Hazen Williams C-factor should be carried 
out before and after the cleaning/relining process to evaluate the 
improvement achieved. 
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9 - SERVICE RESERVOIRS. 

Function 

Service reservoirs provide a suitable reserve of treated water to 
minimise interruptions to supply due to failure of power, supply 
•airis, pumps, etc. They also enable the system to Beet the widely 
fluctuating demands when supply is by constant or intermittent 
pumping. Service reservoirs are therefore helpful in reducing the 
size of transmission mains which would otherwise be necessary to 
meet the peak rates of demand. 

The two main functions are therefore 
i 

o emergency storage; V 
o equalizing storage. ' 

Storage Capacity 

The amount of emergency storage to be provided depends on the 
relative importance of maintaining distribution flow in the event 
of a breakdown, and the likely extent or duration of such 
breakdowns. An amount of emergency storage, is necessary in most 
urban schemes, but is of less importance in smaller urban and rural 
schemes. In the event that, in order to economize on the capacity 
of distribution storage, only equalizing storage is provided 
initially, land acquisition at storage sites should allow for 
future storage requirements. 

-T 

The amount of equalizing storage depends on the rate of inflow to 
the system and the consumptive pattern throughout the day. Local 
patterns of water used will produce hourly variations in the rate 
of drawoff. A mass diagram should be constructed;showing the draw 
off pattern against the inflow rate to determine the volume of 
equalising storage required. For most schemes, however, the 
drawoff pattern is not known or is affected by shortages, low 
pressures or restricted supply hours: in such cases an estimate 
must be made of the demand pattern. 

In the absence of actual field data, the following pattern of 
consuoption may be assumed until data becomes available: 

Time % dfTpaily "Demand Time % of Daily Demand 

5 - 6 
6 - 7 
7- 8 
e- 9 
9-10 

10-11 
U-12 
L2- 1 
1- 2 

am 

noon 
P» 

5 
12 
10 
8 
4 
4 
4 .5 
8 
7 

2 - 3 
3 - 4 
4 - 5 
5 - 6 
6 - 7 
7- 8 
8 - 9 
9-10 

10 pm 

P« 

— 5 am 

3 
4 
8 
8 .5 
8 
3 
2 
1 
0 
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For smaller urban and rural schemes, the period of supply inflow 
should be carefully considered to minimize storage. It should be 
Bade to coincide preferably with the drawoff period especially 
during high consumption hours. As a general guide and pending 
field data the following Table may be used in estimating storage 
requirements in rural and snail urban communities for different 
periods of supply. 

Daily supply Storage as % of 
inflow period (hours) maximum day demand 

18-24 50 
12-18 33 
9-12 25 

t 
In pumped supplies, the cost of storage must be balanced against 
the cost and reliability of pumping. For instance, if water is 
pumped over a. 24 hour period, storage will be required to store 
water pumped in the night when there should be virtually no 
consumption. If water can be pumped during the consumption periods 
at a higher rate than the average rate for the day, storage and 
pump operation costs could be significamtly reduced| but pump costs 
would be higher. In all schemes, the cost of supply mains and 
pumping plants should be balanced against the cost of storage. 
Where the supply main is short, it may be economical to lay a 
larger capacity main provided there is sufficient* yield from the 
source. Storage at the source is often required when the yield of 
the source is insufficient to meet a higher pumping rate which has 
been selected to minimize the pumping period. ;. 

Notwithstanding the above, most' schemes involving treatment or 
having a limited source will require continuous 24r-hour operation 
in order to optimise the treatment process or obtain the necessary 
source yield. Slow sand filters, in particular, should not operate 
on an intermittent basis. 

In general, the larger the system, the less hourly fluctuation 
there will be in distribution system flows, and the less equalising 
storage will be required, but this would normally be offset by the 
additional need for emergency storage. 

An example calculation of equalising storage is given in Figure 
9.1. For a constant rate supply, 24 hours a day, the required 
storage is represented by A-A' plus B-B' , about 28% of the total 
peak day demand.~^Mf the supply capacity is so high that the daily 
demand can be met with 12-hours pumping a day, the required storage 
is found to be C-C' plus fr-D*. about 22$ of the total peak day 
demand. 

For larger systens, a rule of thumb guide for storage capacity 
would be to provide a minimura of 8 hours demand on a maximum day, 
(or 332) increasing up to 24 hours demand (100$) where emergency 
storage is important. 
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AVERAGE WATER DEMAND 
OVER FULL DAY 

VARIATION' OF WATER DEMAND DURING THE DAY 
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11 

—to 
= <«. 

o = . 

24 HRS PUMPING 
CONSTANT RATE 

12 HRS PUMPING 
CONSTANT RATE 

24 

HOURS 

GRAPHICAL DETERMINATION OF REQUIRED RESERVOIR STORAGE 

SERVICE RESERVOIR CAPACITY 

FIGURE 9.1 
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Position arid Elevation 

If the storage is to be of maximum value as a safeguard to the 
community against breakdown, then it should be positioned as near 
as possible to the area of deaand. Froa it, the distribution 
system should spread directly, with such arrangement of Bains that 
if a breakdown of any one main occurs, a supply could be maintained 
by re-routing the water. Storage Bust be situated at a higher 
elevation than any part of distribution area. If such a site is 
available only at some distance, the reservoir should be placed 
there, 

In flat areas where no suitable high points for ground reservoirs 
are available, water towers or elevated tanks have to be used. In 
practice, water towers or elevated tanks have relatively snail 
voluaes because they are aore costly to construct than a ground 
reservoir. Reservoirs, depending on the relative locations and 
elevations of source and deaand area, aay either supply the 
distribution by gravity or 'balance' on a punped systea (see Figure 
9,2). The foraer method is preferred — See Figure 9.3 for the 
advantages and disadvantages of each. 

In large systeas, or when the source or treatment plant are 
distant, rech-lorination of the water aay be necessary at the 
distribution service reservoirs. "• 

Design Considerations 

For considerations of shape, size, type and cost refer to report of 
Research/Design Study on Service Reservoirs by /University of 
Moratuwa, 1969. (not yet available in March 1969) 

Other factors should be considered, as follows: 
i 

o water depth is normally 2.5 — 5.5 a; 

o provide bell-aouth draw off pipe a few cm off floor provided 
with strainer (preferably of perforated cast iron); 

o provide ball/float valve to shut off inlet when tank full; 

o provide adequately sized outflow and drain to discharge aaxiaua 
flow that can be delivered to reservoir; 

o provide a 5fSfaU==S>«;:.-f loor to drain suap and access to drain to 
perait ;easyir.^4usmng-©ut of accumulated sediment on reservoir 
floor; 

o position inlet and outlet to avoid short circuiting and 
stagnation of water; 

o provide bypass piping around reservoir; 

o provide 2 coapartaents if possible, each with separate inlet 
and outlet. Scour and overflow fron each aay be connected to a 
single line; 

i 
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£ STATIC WATER LEVEL 
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SERVICE 
HEAD 

DEMAND AREA 
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DEMAND AREA 
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PUMP STATIOfl 

T W L 

DEMAND AREA 

STORAGE IN DEMAND AREA 

STORAGE LOCATION 

FIGURE 9.2 
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ALTERNATIVE A ALTERNATIVE B 

System Suppl ied From 

Pumping Main 

System Suppl ied From 

Gravi ty Main 

RESERVOIR 

DEMAND 

RESERVOIR 

PUMP 

DEMAND 

PUMP 

ADVANTAGES 

Lower p ipe l i ne cos t . 

S l ight ly lower pumping cos t . 

Lower, more constant p r e s s u r e s -
l e s s l e akage . 

Constant head on pumps and 
constant flow r a t e - s imple 
o p e r a t i o n . ' 

Supply l ine only, vu lne rab l e to 
p r e s s u r e su rges - no damage 
to d i s t r i b u t i o n p i p e s or 
m e t e r s . 

DISADVANTAGES 

Higher more v a r i a b l e p r e s s u r e s 
- more l eakage . 

Var iable head on pumps and 
v a r i a b l e flow r a t e - l e s s 
s imple ope ra t ion . 

Whole system vu lne rab l e to 
p r e s s u r e surges - p o s s i b l e 
damage to p i p e s , m e t e r s , 
e t c . 

Higher p ipe l ine cos t . 

S l igh t ly h ighe r pumping cos t . 

Comparison of Sepa ra te o r Combined 
Pumping and Dis t r ibu t ion Mains 

FIG. 9 .3 
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o side walls should be designed as partition walls^when expansion 
of the reservoir in future is anticipated. ~ I 

o land acquisition should be sufficient for future expansion of 
storage; • -f-

o provide screened ventilation to each conpartnent; 

o provide adequately sized access nanholes with raised curb and 
locking covers and ladders to each conpartaent for inspection 
and maintenance; 

• . . • " ' . ; • ' • * • . • . - • " . " . A 

o a low level inlet with non-return valve is preferable where 

delivery head is linited; ,' 

o provide stop valves on inlet and outlet; > 

o consider differential settlement;. ' ' f 

o provide the following'instruaentation; ' 1-

• — - locafiy . fabfti^^^jiw itf loaii. operated boaKd gauges for 
.;. i«^»!<?§tiif«8j(*^i^^^^5level -(units ;should be%ffifetres>; 

— accurately „ Calibrated pressure gauges for any. remote 
indication of ̂ re^ervoir level. Units should be aetres 
•head^of|^.^^^^^p;5^c , ^ • J* . v •'.'. 

— propeller .meters""< for indicating totalised flow from 
reservoirs j , (Rate* of flow indication nof necessary). 
Units^should "be 'cubic aetres. 1 
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lO- COST ESTIMATES AND ANALYSIS 

Cost _IliliB2 

Cost estimates are required to ascertain the amount of capital 
investment initially needed and the recurrent operation and 
aaintenance charges after commissioning the scheme. Rate 
structures which would generate sufficient revenues are based on 
the amount of debt or loan repayment and the cost of O&M. Accurate 
cost estimates are essential for making sound economic comparisons 
of engineering alternatives and for selecting the most 
cost—effective scheme for implementation. 

10.1.1 Capital Costs 

Preliminary and final construction cost estimates for each 
component of a water supply scheme (e.g. intake, 
transmission line, reservoir, distribution, etc) should be 
itemized in detail. Materials and labour should be listed 
separately. Cost schedules should include type of 
materials to be used, size, quantity and tfeifc. unit rate. 
In addition, for pipeline construction, permanent road re
instatement and disinfection are listed as separate 
items. Where electric power supply is required the cost 
of the sub-station and/or transmission line should be 
obtained from Ceylon Electricity Board. In addition to 
the estimated construction cost' (ECC) the following items 
where applicable need to be included in the cost estimate: 

Preliminaries: This item includes temporary office, 
stores, and transport of materials. Allow ?4 to 1% of ECC, 
the larger percentage used for smaller schemes. 

Land acquisition: Land cost prevailing at the District 
level should be included, if to be acquired for the 
scheme, 

Landscaping: Allow an adequate amount for cleaning up and 
landscaping site including provision of grass, trees and 
shrubs. 

Maintenance of schemes for 2 years upon completion: This 
cost includes labour, energy and materials such as 
chemicals and equipment to stairt-up and operate -the-sche«e.j 
prior to handing over to the local authority ( If so 
decided between the Government and the local authority). 

C£F cost: Cost of purchase, insurance and freight of 
imported materials. 

For_customs_dut.Y,: See Costing Section bulletin. 

10-1 



06M Costs 

In order to establish a rat*? structure, the cost 
components of the- loan repayment and operation and 
maintenance must be as accurate a* possible. Capital cost 
estimates oust reflect the actual cost 6f construction. 
O&M costs should include labour, electricity and/or fuel, 
chemicals, repairs and a contingency amount. The 
following general guidelines are given in allocating these 
cost components. 

Labour: As a minimum, a full-tine caretaker/operator is 
included for each scheme. Where the .operation is in 
excess of 12 hours per day, additional caretakers/ 
operators would be required. To assure an.operator at all 
times, a replacement for a period of one month per year is 
also included. One casual Labourer, oner week per month 
would be needed for maintenance of each scVieme except for 
slow sand filter plants which Wfeuld require A labourers 
for a period of about two we&ks eveify two months. 
Additional labour inputs would be required depending on 
the scope of the scheme. Consult OKj£ Dept. for more 
detailed information on specific schemes", and refer to 
Annex P, which shows typical st§ff cadres for different 
types of scheme. > 

Ej.ectricitj; and fuel: The cost of energy to operate a 
water supply system can be estimated "by using the 
prevailing tariffs of the Electricity Board and the 
Petroleum Corporation. For electricity costs, a demand 
charge using a power factor of Q.H5 has to> be included in 
addition to the unit charge. Lubrication costs for engines 
would be included under this item. 

Qtl̂ SiSî is: The costs of chemicals for chlorination and 
for treatment processes should be as accurate as possible 
as they are often the most significant cost items. The 
chemical prices should be current and should include 
transportation and handling costs. For disinfection by 
chlorination, a dosage of 2 mg/1 may be assumed. 

M_inor reoairs: For mechanical equipment such as pumps and 
motors, it is recommended that al*xit 1? of the installed 
equipment cost be put aside for repairs and maintenance. 
Where equipment needs to be replaced on a periodic basis, 
sufficient -funds would have to ht» set aside by the local 
authority^ for": this purpose. In addition, a suitable sum 
should be put aside for miscellatteous repairs to piping, 
valves and structures. 

Continrjencv: In order to meet unl <>reseer, expenditure, 10?> 
of tho .above total costs is reco*nended as a contingency 
amount. 
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10.2 Fi>™at_of Estimate 

The Costing Section of Planning & Designs Department prepares 
periodic bulletins of unit costs' to be adopted for all projects. 

In general, cost estimates should be to the following format: 

ffe' 

%" 

Cagi_taJ._Costs (at base year) 

1. Line items to include contractor's overhead and 
profit @ 35?> 

2. Include 2 years 0&M cost and recoverable connection 
costs if applicable 

3. Subtotal of Line Items •• 

A. Engineering design and construction supervision* 82 of (3) 
(Investigations & Design - 62 
Supervision — 2?) 

5. Contingencies (physical) Feasibility Stage 

Pre-Feasibility Stage 

6. BTT 

7. Total Capital Cost 
8. Price escalation for funding, relative to 

to base year 

0&M Costs (at base year) 

•1. Line items to include NWSDB/LA overhead (? 

2. Projected costs for 20 years 

102-15* of (3) 
202 of (3) 

32 of (3) 

102-15% p.a. 

35? 

Present worth analysis should be on base year costs without price 
escalation. 

Ensure that the following facilities have been provided for in the 
design contract documents and cost estimates: 

'o Landscaping' -: :̂:~̂ :̂;r:;l. 

o Security and fencing 

o Laboratory services and equipment; 

o Communication facilities, teleplione, radio; 

o Domestic water supply, electricity, site access roads; 

o Quarters 

* See also GM's circular on Construction Services to Clients, 
August 25, 1988. 
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o Transport service, if site is remote; I 

o Chemicals for start-up; 

o Access/safety facilities (ladders, hand rails); 

o Protective equipment/clothing, first aid kits, gloves, boots, 
etc. 

o Spare parts; 

o Office furniture, stationery, etc. 

o Storeroom. 

10.3 Coaparative Cost Analysis J 
" ~ ~ ~ _i 

For a valid comparative cost analysis, the capital costs and 
recurrent costs have to be converted into comparable units. Two 
methods can be used for this purpose. 

— present value; 
— equivalent annual cost. 

10.3.1 Present Value Method 

The present value of future recurrent /costs can be 
calculated by discounting them at an appropriate rate, the 
discount rate. If there is no price '. inflation, the 
prevailing interest rate, if not regulated by governmental 
control measures, may be used as the discount rate. For 
example, to cover a cost of Rs.990 for maintenance in the 
following year, it is sufficient to set aside Rs.900 
invested at an interest rate of 10%j and if the 
expenditure of Rs.990 is required after- three years. 
Rs.7A0 invested at 10? would be adequate.. Present value 
calculations are more complicated where price inflation 
occurs, because then it is necessary to adjust the 
prevailing interest rate for inflation in order to arrive 
at a realistic discount rate. 

The present value of a cost <C), incurred in the year (n) 
from the present, can be calculated with the equation: 

PV = .. 4̂2:... 

--'•'".' ( l 4 r ) n 

where: 

PV = present value of cost 
C = nominal amount ot" cost incurred 

n years from present 
n = nunber of years 
r = discount rate 
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The present values of all recurrent costs to be incurred 
over the expected lifetime are added to the initial 
capital cost to obtain a total figure, which can be 
compared for various altenatives. See Annex N for example. 

10,3.2 i3ui^aj^nt_Anriua^_^st_Method 

The capital cost is converted into a series of equivalent 
annual costs over the total lifetime of the scheme. The 
sun of the annual equivalents will be greater than the 
initial capital cost of the system, because interest on 
the remaining debt is included in each annual installment. 
The equivalent annual cost of a capital-investment (C), 
over an expected lifetime of (n> years, can be calculated 
with the equation: 

r <1 + r ) n I 
EAC = C x • 

(1 + r ) n - 1 

where: 

equivalent annual cost * 
initial capital cost 
expected lifetime 
discount rate 

The total annual cost is obtained by adding the annual 
recurrent costs to the equivalent annual cost, to give a 
figure which can be compared for various alternatives. 
This method is recommended for comparative cost analysis 
of water schemes for the following reasons. Recurrent 
costs are difficult to estimate accurately, and it may 
well be necsssary to adjust the cost calculations from 
time to time. This is more easily done in this method 
than for the discounted amounts in present value 
calculations. Another advantage is that the total 
equivalent annual cost divided by 365 gives the daily cost 
of the scheme which divided by the daily water output, 
yields the unit cost per cubic metre of water produced. 

The discount rate to be used differs from country to 
country. In general, the World Bank applies discount rates 
in the range of 6 to 15£ for developing countries. When 
sufficient data are not available, it is advisable to make 
calculations for several discount rates to get an 
indication of the effect of the selected discount rate on 
the results of the comparative cost analysis. 
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Financially î bi-l-vt̂  

A scheme would be financially viable if it can generate enough cash 
flow to meet the direct costs and pay back the loan instalments and 
interest, and costs of replacements necessary during the designed 
life period of the scheme. In some cases the loan repayment period 
exceeds the life period of the scheoe (e.g loan repayment of 36 
years and scheme life of 20 years as in the case of LLD loans). 
The position is reversed in the case of some schemes funded by 
international funds on-lent by the Treasury to NVSDB; in others the 
tine spans are approximately the same. 

Where the loan term is more than the.scheme's.life period, the 
unpaid loan commitment would be added on to the replacement 
scheme's new loan commitment. Care should be exercised when 
estimating the salvage value of the component par^s of the scheme. 
Generally it would be very low, except for equipment replaced and 
used only for a few years. Obsolescence would reduce salvage value 
and therefore, in practice, salvage value could be zero. 

i 

Any grant made by the Government or other institution should not 
qualify for a return. Economically there should be a return on 
such funds invested, but for purposes of smalt community water 
schemes this factor may be ignored in calculating financial 
viability. The returns in social benefits would cov.er this aspect. 

Loan repayment terms should be ascertained from th£ lending agency, 
and in particular any grace period for interest and/or capital 
repayment. Interest would be on the reducing balance of the loan 
and the total capital plus interest payment would, normally reduce 
annually. Some lending agencies provide equal capital + interest 
payments where, with decreasing interest, there is an equivalent 
increase in capital repayment. 

Loss making schemes should not be ruled out if other factors make 
it desirable to go ahead with the scheme. In such cases, 
contributions to decentralised budgets and Treasury grants or 
increased revenue from other sources should be negotiated by the 
local authority, before the work commences. 

Tariff fixing — Although this is necessarily related to costs of 
production and distribution, a certain flexibility should be 
followed. At the present time, NWSDB uses an Island-wide tariff 
rather than a scheme-specific one, although specific tariffs are 
being investigated for the ADB project schemes. Bulk tariffs are 
usually scheme'specific. For evaluation of individual tariffs, the 
total expected revenue may be allowed to be lower than the cash 
outflow in the initial years, until consumption increases. Cross 
subsidising a water scheme within the local authority's resources 
may be justifiable in certain cases, while in others the water 
scheme's surplus cash may subsidise .another activity. These aspects 
should be discussed with the local authority and a strategy 
developed in each case. In determining the tariff structure, the 
tariffs operational in other comparable areas should be considered 
and rates that are affordable should be adopted. This may be 
referred to as the principle of "what the traffic can bear." 
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All direct operating expenses, loan capital arid interest repayments 
and costs of replacements should be included in the cost of 
production and distribution. It is-necessary to avoid socially 
desirable schemes being loaded with excessive indirect costs and 
thereby classified as financially not viable, and Ifor that reason 
not commenced. The principle of incremental costing should be used 
for determining the indirect costs so as to miniaise the load. To 
determine the amount, of indirect costs of the regional offices and 
head office on this basis, the question should be asked "what extra 
costs would these offices incur because the subject scheme becomes 
operational?" For each of the schemes in a region no, or very 
little additional costs may be incurred. But cumulatively, for 
the 10th and subsequent schemes, the regional offices and head 
offices will have to incur extra costs, eg. additional supervisory 
engineers. To allow for this, 5? of direct operational expenses 
should be included as indirect costs. * 

Provision for inflation should be made at rates currently used by 
Treasury Planning Division. The question of tariff increases to 
cover inflation should be discussed with the local authorities and 
only practicable increases should be included. 

Cash Flow Statement - Having regard to the above! the estimated 
annual cash inflow, outflow, annual cash deficit/surplus and 
cumulative deficit/surplus should be prepared wi£h a column for 
each year. The data may then be varied to' suit various 
probabilities, and print outs of various combination^ obtained very 
easily. This method is understood more easily by most clients 
especially local authority administrators and policy makers. It is 
not proposed that the annual surpluses are reduced to present 
values as no return over and above the capital and interest 
repayment is required. :. 

In most cases, if revenues are predicted using the(existing NWSDB 
tariff, projects will not meet the criterion of financial viability 
as defined (Manual PI Section 2.2) and the following less rigorous 
criteria should be considered assuming current costs, NWSDB tariff 
and current Government financing terms: 

a) For schemes with 100? GSL or donor grant funding: (See Table 
10.1) 

i) Viability taking into account 0&M costs and revenues only, 
neglecting capital repayment, (viable in terms of 0&M cost 
recovery_only). 

b) For foreign loan funded schemes with a proportion of loan 
funding on-lent by GSL (See Table 10.1). 

i) Viability taking into account O&M costs and revenues, 
actual cost of repaying amount on—lent by GSL. 

ii> Viability taking into account O&M costs and revenue only, 
neglecting capital repayment (viable in terns of 0&M cost 
recovery only). 
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Assynjat ions 

1. Sensible projections will need to be madeon an individual 
project basis with regard to the proportion of population 
served by public standposts and by private connections, as this 
factor has a narked effect on costs and revenues. These 
projections must tie in with the scheme production, and with 
affordability — it is no use predicting 90% house connections 
if the affordability criterion is not net. 

2. The collection ratio, or percentage of bad debts Bust not be 
projected too pessimistically. Although in many existing 
schemes this ratio does not exceed 502;, there is usually a good 
reason for this, based on problems with the service, such as 
poor quality or inadequate quantity or pressure of water 
provided. Assuming a good service of good quality water, and 
an effective disconnection policy for non—payment, then the 
collection ratio should rise to 902; by 1995. I 

Tariffs ' > 

Bulk and individual tariffs should be proposed,J based on the 
affordability criterion of 4% of household income as a maximum 
amount for water. Until .such time as consumers' altitudes change 
the "willingness to pay" should be reviewed seperately from 
"ability to pay" and the local authority advised on its 
consequences. In some cases these tariffs will need to be several 
times the NWSDB tariff. Further developments on future tariffs are 
proceding, along with the concept of regional (or provincial) bulk 
tariffs charged to Local Authorities. 
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Table LO.l 

CURRENT GOVERNMENT FINANCING TERMS FOR WATER SCHEMES 

For financial evaluation of projects, adopt the following financing 
terns for capital costs of water schemes: 

Funding Source 

Rural 
Non-Piped 
ahd 

Sewerage/ 
Sanitation 

1. GSL Consolidated Fund 
grants 

Total Capital Cost! 100?; t 100% 
• grant j grant 

100?; 
grant 

Foreign donor's funds 
on-lent by Treasury 

Total Capital Cost 502 grant ; 65?: grant ! 100?: grant 
50?: loan ' 15?: loan 

Notes: 1) Current Government on-lending interest rate to NWSDB is 12?: 
p.a. regardless of terns of donor loan to GSL except 9m 
the case of donor connercial loans which nay be higher. 

2) Based on Cabinet paper No.116 of 1986 (continuation 32) 
dated February 9, 1986 and Cabinet decision of 8-10-86. 
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